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FOREWORD 


MINERALS YEARBOOE, 1961, published in three volumes, pro- 
vides a record of performance of the Nation's mineral industries 
during the year, with enough background information to interpret the 
year's developments. 

The three-volume issues of the Yearbook follow this pattern: 

Volume I includes chapters on metal and nonmetal mineral com- 
modities except mineral fuels. In addition, it contains a chapter 
reviewing these mineral industries, a statistical summary, and chapters 
on mining and metallurgical technology, employment and injuries, 
and technologic trends. The chapter on “High-Purity Silicon,” new in 
the 1960 volume, has been renamed “Silicon.” This chapter has been 
enlarged to incorporate data on metallurgical silicon and its alloys 
with iron. Also, an additional chapter in the 1961 volume I compares 
Bureau of Mines mineral-commodity production data for 1958 with 
those presented in the 1958 Census of Mineral Industry reports pub- 
lished by the United States Department of Commerce. 

Volume II includes chapters on each mineral fuel, an employment 
and injuries presentation, and a mineral-fuels review chapter that 
summarizes developments in the fuel industries. 

Volume III contains chapters covering each of the 50 States, plus 
chapters on island possessions in the Pacific Ocean and the Common- 
wealth of Puerto Rico and island possessions in the Caribbean Sea, 
including the Canal Zone. Volume III also has a statistical summary 
chapter, identical with that in Volume I, and a chapter on employment 
and injuries. 

Figures in the Minerals Yearbook are based largely upon infor- 
mation supplied by mineral producers, processors, and users, and 
acknowledgment is made of this indispensable cooperation given by 
industry. Information obtained from individuals through con- 
fidential surveys has been grouped to provide statistical aggregates. 
Data on individual producers are presented only if available from 

ublished or other nonconfidential sources, or when permission of the 
individuals concerned has been granted. 


MARLING J. ANKENY, Director. 
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business and industrial activity that had been underway since mid- 

1960. A new peak of production and income was achieved by 
yearend. The mining industry, including fuels, kept up with the 
economy although the nonfuel mineral industry trailed and made 
no gain during the year. The nonfuel mineral industry opened 
1961 buoyantly but immediately ebbed and drifted slowly downward 
lagging behind the other sectors of the economy. By May, the nonfuel 
mining sector reached its year's low, began to recover gradually, and 
reapproached the January figure although the value of nonfuel mineral 
production increased to a very small extent, it achieved another 
record high. Nonmetal minerals increase compensated the metals 
reduction. A large decrease in iron ore production and the significant 
WEE of iron ore stocks were responsible for the wane. 

4 


Tos U.S. economy in early 1961 emerged from the slackening in 


et supply of nonfuel minerals and metals generally subsided, but 
imports were able to hold to their previous share in the sources of 
supply, while exports made some gain. Consumption of nonfuel 
minerals rose slightly. That of nonferrous metals and concentrates 
increased the most, consumption of steel-associated minerals declined 
a little, and that of nonmetallic minerals was the same. Domestic 
production made an inappreciable gain. Prices were comparatively 
steady although somewhat weak. Value of mineral production was 
up shghtly. Overall physical stocks diminished to a limited degree. 
The changes in stocks were affected principally by sulfur, whereas 

iron ore was mainly responsible in 1960. 
Mining labor productivity continued the gradual upward trend. 
Average annual earnings for all employees increased, but total employ- 
1 Some i in Pnie chapter but only where specifically indicated and in general where mining- 


industry data were not available for both nonfuels and fuels components, 
2 Mineral economist. 
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ment, and total wages and salaries earned in the mineral industries 
declined. Principal current mining expenses diminished meagerly, 
while mining machinery and equipment were relatively more expensive 
than in 1960. 

Income generated by the nonfuel mineral industries was less con- 
trary to the national economic trend. Income from metal mining 
lost significantly, while nonmetallic mineral income remained the 
same. Similar situations existed in the average annual profit rate 
for the nonfuel mineral industries. 

Expenditure on new plant and equipment in the mining industry 
(including fuels) declined slightly but much less than in all manufac- 
turing. For research and 1 in the mining industry as a 
whole, expenditure continued to be insignificant. However, the 
Federal Bureau of Mines made a marked contribution. Most of its 
funds for mining research and development were expended on applied 
research. 

Activity under the Defense Mobilization Program was again at 
a low ebb. The U.S. Tariff Commission rejected the injury claim 
by the feldspar industry against some Canadian exports but sustained 
the injury claims of the cement industry against imports from Sweden 
Belgium, and Portugal. It recommended no change in the le 
and zinc import quotas. 

World mineral industries generally improved over 1960. World 
mineral production made modest gains, while that of the United States 
rose inappreciably. The United States continued as the leading 
consumer and as an important producer of most minerals. Con- 
sumption increased at a faster rate worldwide than in the United 
States. World stocks were enlarged a little, but the United States 
stocks ebbed. World price movements matched those of the United 


States. 
DOMESTIC PRODUCTION 


Value of Mineral Production.—The production value of metals, 
nonmetals, and mineral fuels was 1.3 percent higher than in 1960 and 
achieved a new record high. This small increment was registered 
despite a 5-percent decline in metals resulting from the slackening of 
iron and steel output. Virtually all the changes in total value resulted 
from physical volume changes because unit prices were steady. 

Minerals fuels output increased 1.8 percent over 1960 and was prin- 
cipally responsible for the overall minerals increment. Hydrocarbon 
fuels accounted for all the gain, but bituminous coal and anthracite 
declined. 

Nonfuel mineral value increased .3 percent. It was registered as 
another record high, and it furnished 32 percent of the total value of 
mineral production. Nonmetals strengthened their position, with a 3- 
percent increase over 1960; fertilizer raw material and sodium com- 
pounds setting new records. Also, cement production, higher than in 
1960, compensated for the decline in value of other chemical and con- 
struction materials. Metallic ores and concentrates decreased 4.6 
percent, resulting from a 20-percent decline in iron ore production and 
a 9-percent depletion of iron ore stocks in 1961. 

Volume of Mineral Production.—The Bureau of Mines index of 
physical volume of mineral production has been revised to a 1957-59 
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TABLE 1.—Value of mineral production in the United States by mineral group ! 
(Million dollars) 


———— 2, 8,721 8, 732 
ccc ( 1, 570 2, 022 1, —5 
c A 4, 291 5,754 5,773 (4) 
Mineral ſuels 11, 950 12, 142 12, 358 2 
paco 16, 241 17, 896 18, 131 +1 


1 Beginning with 1953 Alaska and Hawaii are included. 

3 For details see table 2 (Mineral production in the United States) in the Statistical Summary of Mineral 
Production Chapter. 

3 Revised E 

4 Increase of less than 0.5 percent. 


base, whereas those published previously were on a 1947-49 base. 
The index increased 0.8 point in 1961, a 0.8-percent rise. The fuel 
index rose nearly a point and was principally responsible for the minute 
rise of the total index. Nonmetals made a 2.6-point gain a 2.7-percent 
rise. Chemical materials, increasing 3.5 points, led construction ma- 
terials, which rose 2.7 points; both gains were more than equalized by 
the 5.2-point loss in other nonmetals. Metal index was reduced 4.2 
points, equivalent to a 3.9-percent loss. Despite the gain of 7.9 points 
in the base nonferrous metals, the 19.6-point loss in the ferrous metal 
index plus the decline in both monetary and other nonferrous metal 
index caused the overall metals index to ebb by 4.2 points. 

The Federal Reserve Board (FRB) indexes (tables 3 and 4) showed 
a similar trend. Weight differences between these indexes and the 
Bureau of Mines index as well as some differences in coverage and 
base years can result in relative movement between the indexes. 
However, the revised FRB indexes followed the revised Bureau of 
Mines all-minerals index closely except for slight differences in metal 
mining and nonmetal mining. 


TABLE 2.—Indexes of the physical volume of mineral production in the United 
States, by groups and subgroups ! 


(1957-59 2100) 


Total | struc- 


Other tion 


——.— — —— —pP— — 


109.8 | 111.7 | 146.1 | 73.0 | 67.7 | 85.1 | 102.8 93.8 
103.4 | 1128 | 137.3 | 74.7 | 69.1 | 89.1 | 98.0 94. 6 

93.5 | 107.4 | 119.0 | 80.9 | 76.6 | 93.9 | 89.2 90.5 
107. 2 109.3 | 1125 | 89.0 | 85.5 | 97.5 | 105.5 99.0 
116.5 | 108.9 | 120.0 | 95.4 | 90.5 | 109.0 | 1124 | 104.8 
114.1 | 106.7 | 133.4 | 97.1 | 95.2 | 102.3 | 103.7 | 104.6 

98.6 | 100.8 | 84.0 | 97.4] 08.4 | 95.1 | 92.4 95.9 

87.3 | 92.6 | 82.7 | 105.4 | 106.4 | 102.5 | 103.8 99.6 
105.5 | 94.9 | 96.6 | 108.0 | 108 2 | 108 5 | 103.1 | 100.3 
113.4 | 93.7 .6 110.9 | 1120 | 97.9 | 101.2 


¡For description of index see Minerals Yearbook 1956, v. 1, Review of the Mineral Industries, pp. 2-5. 
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INDEX NUMBERS 987-89 100 
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40 Pot 4 
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e 
1925 1930 1935 1990 1945 1950 1955 1960 1965 


Fiaure 1.—Indexes of physical volume of mineral production in the United 
tates, 1925-61, by groups. 


TABLE 3.—Indexes of production of metal and mineral mining, metals, nonmetal 
products, and total industrial production, seasonally adjusted ! 


(1957 = 100) 
Metal, 
stone, and | Iron and Primary [Clay, glass, Total 
Y ear carth steel metals and stone | industrial 
minerals products | production 
mining 
NOM EE 79 80 81 85 85 
õ EVE ⁰⁰y AA EE 91 106 106 97 96 
KI cosa pL TE TEE 98 103 104 102 99 
J ⁰⁵˙1àAAuAu AA ⁵ĩᷣ 8 100 100 100 100 100 
JJ qc ES 91 75 78 95 
IU EEN 94 86 90 110 105 
VIN oe oe oes A EN 105 88 390 110 108 
19013. E 105 84 88 108 109 


T ! Federal Reserve Bulletin, Industria] Production Indexes, March 1961, p. 350; May 1962, p. 628; previous 
SSUCS, 

1 Revised Amire. 

3 Preliminary figures. 


Tbe major advantage of the Bureav’s index is that it is available 
on a comparable basis since 1880. However, FRB indexes are 
available monthly and on a seasonally adjusted basis. 

The monthly indexes for all mining declined in the first quarter 
and then recovered fully and ended the year with a modest gain 
over 1960. The nonfuel (metal, stone and earth minerals) mining 
index started the vear strongly, then eased, did not begin to recover 
until June, reached a lower pe ak in November, slacked off in December, 
and did not change for the year as a whole. Stone and earth minerals, 
reflecting the seasonal construction pattern, made no gain in 1961. 
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Metal mining generally followed the nonfuel mining pattern except 
for a strong gain in December and ended the year at a high point. 


TABLE 4.—Monthly indexes of production, mining, metal mining and stone and 
earth minerals seasonally adjusted 


(1957 = 100) 


Mining ! Metal mining Stone and earth 
minerals 


Change Change 
1961 | from 1960 | 1960 | 1961 | from 1960 
(percent) (percent) 


Including fuels. 
3 Preliminary figure. 
3 Revised figure. 


Source: Federal Reserve Bulletin. Industrial Production Indexes. March 1961, p. 350; March 1962, p. 
346; May 1962, p. 623. 


NET SUPPLY 


Net Supply.—The net supply? of minerals and metals generally 

ecreased in 1961. Nickel, lead, aluminum, cadmium, platinum, 
and phosphate rock were the major exceptions. The declines can 
be attributed to general increase of exports, inventory reductions 
of mineral-consuming industries, and general lessening of pig iron, 
steel ingot, and iron and steel casings production. Of the 34 com- 
modities included in the net-supply tabulation, 26 decreased; 7 
increased; and 1 remained unchanged. The net-supply analysis 
clearly showed 1961 to be a relatively poor year. The small increase 
of exports prevented & poorer year in the mineral industries. 

Sources of Supply.—Imports continued as an important source 
of new supply, most markedly in the metals group. Of the com- 
modities shown in table 5, the import contribution of 10 decreased; 13 
increased; and 11 showed no change. 

Sources of Imports.—Canada and Mexico expanded their share of 
U.S. imports for 12 principal commodities, lost in 8, and maintained 
their position in 4. The East and South Pacific areas maintained 
their share of the market, but other Western Hemisphere sources 
lost some. Other free world sources increased their share by increas- 
ing in 10, losing in 10, and maintaining their position in 3 principal 
commodities. The Soviet bloc made an appreciable increase in 
supplying platinum. Significant shifts in relative sources of imports 


3 Bom of primary shipments, secondary production, and imports, minus exports. 
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were made in iron, nickel, tungsten, copper, aluminum, beryl ore, 
cadmium, mercury, platinum, rutile, and fluorspar. 


TABLE 6.—Percentage distribution of imports of principal minerals consumed 
in the United States, by country group of origin ! 


Canada East and | Other Wes-| Other free 
and Mexico South tern Hemi- world Soviet bloc? 
Pacific 1 sphere 


Commodity 
1960 | 1961 1961 
Ferrous ores, scrap, and metals: 
Iron (equivalent) 4“ 30 37 4 
Manganese (content) 8 7 60 
Chromite (Cr430; content) „44 98 
Cobalt (content)................... 4 8 92 
Nickel (content 1 89 11 
Tungsten ore and concentrato (W 
Enten 8 3 1 83 
Other metallic ores, scrap, and metals: 
Copper (content) ꝶ 2 26 22 11 
Lead (content 38 42 18 
Zine (recoverable content) 70 69 12 
Aluminum (equivalent) t.......... 4 22 53 
Tin (content v' (5) ($) 96 
Antimony (recoverable content) 7. 23 26 66 
Beryl ore (BeO content 52 
Cadmium (content) 724 997 57 35 
Mere AN 13 25 74 
Platinum-group metals............. 29 18 53 
Titanium concentrates:  Rutile, 
ilmenite and slag (TiO, content).| 39 56 19 
Uranium (U;0¢ content) 100 72 68 32 
Nometals: 
ASbes to. 92 93 7 
Barite, erudeꝝ-—— ll. .... 43 46 33 
Fluorspar, finished................. 55 69 31 
Gvpsum, erudee c lll... 89 90 (4) 
Mica (except scrap)................ (8) (o 84 
Potash (K30 equivalent) 2| a 96 
Sulfur (content).................... 100 | 100 (5 


1 Data are based on imports for consumption and are classified like net new supply shown in table 5, 
U.S. Department of Commerce, Bureau of Census, United States Imports of Merchandise for Consump- 
tion—Commodity by Country of Origin 1960: Rept. FT 110, May 1961 and 1962. Imports that are less 
than 5 percent of net new supply are omitted. 

3 West coast of South America (Salvador, Chile, Bolivia, Peru, and Ecuador), New Zealand, New Cale- 
donía, and Australia. 

3 U.S.S.R., Bulgaria, East Germany, Albania, Czechoslovakia, Hungary, Estonia, Latvia, Lithuania, 
Poland, Rumania, China, North Korea, and North Viet-Nam. 

Includes iron ore, pig iron, and scrap. 

§ Less than 0.5 percent. 

€ See footnotes 15 and 17, table 5. 

? Excludes antimony from foreign silver and lead ores. 

$ Metal and flue dust only. 

* Revised figure. 

19 U.S. Atomic Energy Commission. Major Activities in Atomic Energy Program. January-December 
1960, January 1961, p. 120. 

1 Imports from Australia were included in other free world imports. 


CONSUMPTION 


Patterns.— Domestic consumption of minerals generally increased 
slightly over 1960. Declines were marked (over 5 percent) in only 
5 of the commodities in tables 7 and 8. Altogether, consumption 
of 14 commodities diminished, 17 rose, and 3 remained unchanged. 
The steel associated minerals, except nickel, generally declined owing 
to the slackening in iron and steel production. Consumption of most 
nonferrous minerals increased. Primary magnesium rose 23 per- 
cent; aluminum, 15 percent; refined copper, 8 percent; and slab 
zinc, 6 percent. Changes in nonmetallic minerals were mixed. 
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Estimated 1975 Consumption.—The Bureau of Mines estimated 
U.S. consumption of major mineral products for the year 1975.‘ 
These estimates reflected & growing demand based on population 
and labor force increases, changing technology and innovation, 
rising gross national product, projection of construction activity, and 
other factors. New estimates have been added, and revisions have 
been made to adjust for new or additional information. 


TABLE 7.—Reported consumption of principal metals and minerals in the United 
tates 


Antimony A A Pnedmeddduiue e Read short tons..| 313,271 —4 
Barite, no m thousand short tons.. 1, 190 +17 
EE eege thousand long tons, dried equivalent.. 8, 883 —3 
r E a E short tons.. 9, 692 —3 
ll AA A thousand short tons, gross weight. 1, 220 —2 
e . . ese thousand pounds. 8, 930 +7 
Copper, Tenned . Qu xin ema uM OEC DUREE thousand short tons.. 1, 350 8 
NT IA Ee Ree 333 do.... 644 6 
Fh EE thousand long tons, gross weight..| 108, 050 —8 
r A EK PEOR RPM thousand short tons.. 1,021 +1 
Magnesium, Drlmarg. e eo c LL eee eee ene short tons.. +23 
Manganese ore e e eee er thousand short tons, gross weight.. —12 
ET EE EEN 76-pound flasks.. +9 
Mica splitting thousand pounds.. —11 
Molybdenum, primary products t........ thousand pounds, Mo content. +2 
Nickel, exclusive of scr&ap................- clc el LL llc LLL. short tons.. +10 
Platinum-group metals (sales to consumers) thousand troy ounces.. +6 
CCC A AN IN AI NUR ROM, long tons.. —3 
Titanium concentrate: 

Ilmenite and slag...... thousand short tons, estimated TiO; content. +7 

RU o sd e do.... +22 
Tungsten concentrate........... thousand pounds of contained tungsten.. — 
e ß AA thousand short tons.. +6 

1 Includes antimony content of antimonial lead produced at primary lead smolters and antimony content 
GE E 
v 


3 Beryl ore of 10-12 percent BeO content. 
* Comprises ferromolybdenum, molybdic oxide, and molybdenum salts and metal. 


TABLE 8.—Apparent consumption of metals and minerals in the United States ! 


Change 
from 
Commodity 1960 1901 1960 
(per- 
cent) 
Aluminum To cio cara thousand short tons..| 42,016 2, 321 +15 
Asbestos, all a ii LÁ rr ELA do.... 709 666 —6 
Boron minerals and compounds 5...... thousand short tons, gross welght.. 340 333 —2 
Bromine and bromine in compounds. million pounds 166 171 +3 
Cadmium, primary............-.........- thousand pounds, Cd content..| 310,127 10. 117 (6) 
[idis RE ⁰dy r 8 thousand short tons..| 348, 697 46, 988 —4 
G...; do....| 14,231 14, 217 WI 
Phosphate rock thousand long tons, P30; content . 34,134 4, 358 +5 
IE IA 8 thousand short tons, K:0 equivalent.. 2, 337 2, 274 —3 
o A ð K SEE thousand short tons..| 4 26,118 26, 115 (5 
Sulfur (all forms) 2222 thousand long tons, 8 content..| 35,864 5, 438 —7 
Tale and allied minerals. ........................... thousand short tons 722 726 +1 


1 Covers commodities for which consumption is not reported. 

: mo 1960 shipments to Government of 37,000 short tons; 1961, 52,138 tons. 

* No adjustments for national stockpile acquisitions. 

5 Reported as finisbed products. 

* Less than 0.2 percent. 

7 Computed as crude mined plus crude imports for consumption less crude exports less the change in 


stocks. 
5 Estimated at 31 percent of gross weight. 
* Bareau of Mines, Mineral Facts and Problems. Bull. 585, Outlook sections. 
65987 3—62—— —2 
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The estimated 1975 steel ingot consumption has been revised down- 
ward from 180 million short tons to 160 million short tons, The 
reduction may appear contrary to the U.S. economic growth pattern. 
The trend toward increasing use of high-strength steel, which requires 
considerably less tonnage than regular-strength steel, and the chang- 
ing pattern of material components of the U.S. defense, national 
security, and aerospace outlays, where, more and more, steel is being 
replaced by other materials, are the principal reascns for the down- 
ward revision. These factors are estimated to result in an overall 
reduction in consumption of steel-associated mineral products. Tung- 
sten is a notable exception, where the consumption estimate has been 
increased over 80 percent. 

The estimated refined copper consumption was revised upward 23 
percent. Slab zinc was revised downward 15 percent. 


TABLE 9.—Estimated United States consumption of major mineral products for 
year 1975 


Mineral products Quantity 
Ferro 

Steel IDgol E million short tons.. 1160 
Pig O00 I eo ws cece Ee 0: cus 1 108 
Fei ]ð ⁵⁵ ⁵ ꝑñdſ ⁵ ⁵⁵⁵¼———k.Tc(. e do 178 
Iron ogg. y eee att million long tons.. 13177 
Mannes og thousand short tons. 8, 000 
Chromite ores: 

Metallurgical gra dgsssss... gege Egger do.... 1, 850 

Reiter ele do.... 

Chemical grade. EE do.... 200 
Moabit EE million pounds.. 3 50-55 
THNESLOD EE short tons.. 1 12, 500 

Nonferrous: 
e ß d thousand pounds. 1 2, 000 
Copper, primary refined. e thousand short tons.. 3 2, 000 
/%Cö LIP A do.... 1, 350 
LIDO Elte E xqh E do.... 1 1, 400 
AlüMminü eebe 0.202 7, 200 
Allr EE do.... 12, 000 
Ill“... ⅛ K ⁰ts do 25, 000 
Antimony, pin x A short tons 4 18, 000 
Ain, ]! ð y ⁰⁰ 8 re Ee 4 23, 000 
o thousand troy ounces.. 4 1, 550 
e . ß ß uada eds Bee 41,100 
Titanium, ilmenite including titanium slag :: thousand short tons 4 1, 600 
Titanium, . mr ⁰ do 150 
Nonmetals: 
EL ß EE do.... 1, 000 
Phosphate rock (P30; content)... ron do.... 4 9, 000 
Potash (KiO eu“, do.... 4 6, 000 
EE million short tons... 50 
Crushed Ston. olor EE EE See 41, 400 
Band and EE do.... 4 1, 500 


1 Revised figure. 
, 2 Estimated sources: U.S. (97 million long tons), Latin America (32 million), Canada (43 million), other 
E million). 


i 3 The estimated U.S. production would be 80 to 85 million pounds of which 30 million pounds would be 
or exports. 
4 Estimated. 


Source: Bureau of Mines. Mineral Facts and Problems. Bull. 585, Outlook sections. 


Sales and Orders.—Seasonally adjusted sales of primary metals 
increased gradually throughout the year, reversing the downward 
trend in the last half of 1960. Nonetheless, sales for the year de- 
creased 4 percent from 1960, a decline of $1 billion. Sales of the 
stone, clay, and glass manufacturing industries rose 4 percent, or 
$340 million. Seasonally adjusted net new orders in the primary- 
metal industry continued the upward trend. The net new orders 
gained 16 percent over 1960, an increase of $3.7 billion. 


REVIEW OF MINERAL INDUSTRIES 11 


TABLE 10.—Sales, primary metal industry and stone, olay, and glass industry, 
and new orders, primary metal industry 


(Million dollars) 
Primary metal 
| Stone, clay, 
Year and month and glass, 
Sales Net new sales 
orders 

I/! EE 27, 852 25, 504 8, 489 

A M Mc 22, 949 22, 504 7, 658 

LO MED ũ mr ĩð y ( 8 26, 567 28, 978 8, 687 

IU0 EE 25, 790 22, 420 8, 740 

jiu) NN 2A, 770 20, 110 9, 080 
1961:! 

A EE 1, 760 1, 810 690 

EE 1, 810 1, 750 700 

March EE 1, 790 ], 880 730 

Api SE 1, 950 2, 190 600 

BY EE 2, 130 2, 190 720 

I 8 2, 070 2. 200 740 

I. y ⁵³ 8 2, 200 2. 330 760 

e x ß he ce 2, 220 2, 410 700 

Seplteſddd cece eo eee eee 2, 210 2, 310 790 

CC A ee dd SL ME 2, 160 2, 320 810 

NOVO D6 2, 190 2, 330 830 

1979 eer 2, 270 2, 820 800 


1 Seasonally adjusted data; therefore, will not add to 1961 total. 


Source: U.8. De ment of Commerce. Survey of Current Business. Office of Business Economics 
V. 42, No. 3, M 1962, pp. 8-5, 8-6. 


STOCKS 


Indexes of Stocks. — Bureau of Mines indexes of physical stocks 
held by mineral manufacturers, consumers, and dealers at yearend 
declined 16 points, or 11 percent, compared with 1960. The deple- 
tion of iron and lead stocks was the predominant factor in the decline. 
In contrast, stocks held by primary producers at yearend increased 
17 points, or 11 percent, over 1960 and reached a new high. The 
increase was caused by a substantial rise in stocks of sulfur, potassium 
salts, and phosphate rock. All nonmetal stocks increased and com- 
pensated for the sharp decline of iron ore stocks. 


TABLE 11.—Index of stocks of minerals of mineral manufacturers, consumers, 
and dealers at yearend 


(1955 = 100) 


Nonmetals 


Iron Other Base Other 

ferrous | nonferrous | nonferrous 

94 86 87 88 
105 108 106 103 112 

101 117 95 101 
100 100 100 100 100 
102 98 117 135 128 
126 122 122 180 161 
131 130 122 160 168 

127 147 116 157 
137 143 130 210 3 197 
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The following commodities are included in the index of stocks of 
manufacturers, consumers, and dealers: Aluminum, arsenic, bauxite, 
bismuth, cadmium, cement, chromite, copper, ferrous scrap and pig 
iron, fluorspar, iron ore, lead, manganese ore and ferromanganese, 
mercury, molybdenum primary products, nickel, platinum-group 
metals, tin, titanium concentrates, tungsten concentrates, and zinc. 
The index of stocks of primary producers includes the following 
commodities: Antimony, bauxite, fluorspar, gypsum, iron ore, mercury, 
molybdenum, phosphate rock, potassium salts, sulfur, titanium con- 
centrates, and tungsten. Primary market prices of each commodity 
were used as weights in the first index; average mine values were used 
in the second. All commodities were valued at 1955 prices or 1955 
mine value, respectively. Movements in the indexes, therefore, reflect 
movements in the physical volume of stocks. 


TABLE 12.—Index of stocks of crude minerals at mines or in hands of primary 
producers at yearend 


(1955 = 100) 


Total 

Yearend minerals ! Nonmetals 
7 sa aian 99 90 
M5 EE 105 93 
o NN Som einen ty ek oh, SER ACRES RET 114 100 
19833 ! 100 100 
/// ³1 A 123 124 
A Bok ase’: 144 138 
TOON EE 140 135 
1059... luv «Acc 8 1 117 
LI LEE 2151 116 
Ir 168 140 


1 Excluding fuels. 
* Revised figure. 


TABLE 13.—Seasonally adjusted book value of inventory, primary metal industry 
and stone, clay, and glass 


(Million dollars) 


Year and month Primary Stone, clay, 
metal and glass 
z pp d 4, 269 1, 270 
IC EE 4,111 1, 200 
a A AA ASE 4, 120 1, 360 
10007 ee ere 4,490 1, 440 
1961: do EE 4,770 1, 490 
ENK E 8 4, 490 1, 440 
TA EE 4,510 1, 430 
Cd ůũ F!!! A A A A 4, 47 1, 410 
III/ ³WOWA. ⁵ð⅛ -v S a ate, 4. 510 1. 420 
õĩͥĩͥĩö[—00%09 ũm ⁵⁵ !!... 4. 510 1. 420 
J EE ³¹ü¹AA ²·ͥÜA0 . ⁰ · AA] E 4, 660 1. 430 
T!!l!!l!l!;!!!ũũ ⁰! ß ee eee 4, 660 1. 450 
P2504). ß e C 4. 630 1, 480 
F d eee ia a ee 4, 670 1, 490 
O th AN A ane ec ß ah, Sp 88 4,730 1, 490 
, ß ß ua 4, 740 1, 480 


Source: U.8. Department of Commerce. Survey of Current Business. Office of Business Economics. 
V. 42, No. 2, February 1962, p. 8-6. 
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Value of Inventories.—The value of seasonally adjusted inventories 
held by firms in the primary metal and in the stone, clay, and glass 
industries gained consistently throughout the year, and in December 
reached a record high for all months—$280 million above December 
1960 for the primary-metal industry, and $50 million for the stone, 
clay, and glass industry. 


LABOR AND PRODUCTIVITY 


Employment.—Total 1961 employment in mineral industries con- 
tinued the declining trend. Lessening activity in residential and 
public building, wbich contributed to the softening demand for con- 
struction materials, and reduction of iron mining activity highlighted 
the general decline. Employment in copper mining gained slightly, 
but that in iron mining continued to decline. The Bureau of Labor 
Statistics (BLS) ceased publication in 1961 of all employment and 
related statistics in lead and zinc mining. Nonmetal mining and 

uarrying employment followed the seasonal pattern but declined 
slightly. 

Beginning November 1961, industry statistics on employment, 
hours and earnings, and labor turnover by BLS were revised and based 
on the 1957 Standard Industrial Classification and a March 1959 
benchmark. Prior statistics are no longer comparable to the revised 
figures.“ This comparison is applicable to all statistics published by 
BLS used in this section. The pattern in the mineral-manufacturing 
industries was mostly one of decline; employment in the cement, iron 
and steel, and nonferrous metal industries waned, while employment 
in the fertilizer industry did not change. 


The following tabulation shows major changes in average total 
employment, compared with 1960: 


Percent 

A A —Y 
Mining (including fuels)_..._........_._-_--.-.-.-.-----.----.-------- —6 
Metals and minerals (except fuel —5 
Metal MINING cis oras —6 
Nonmetal mining and quarryin ggg SS: 

(TEE EE — 

Mineral manufacturing . —7 


1 Based upon categories listed under mineral manufacturing in table 14. 


Most mineral industries fared poorly, compared with all industries, 
reversing the 1960 trend. Copper mining, gaining 2 percent, was the 
only exception. The decline was attributed to ferrous mining and 
manufacturing and construction mineral materials. 


Hours and Earnings.°—Average weekly hours of production work- 
ers in the mining industry, excluding lead and zinc mining, declined 
slightly in 1961. Hourly earnings gained a little, so that average 
weekly earnings were 2.4 percent EE than in 1960. All categories 
of mining increased quite similarly in their respective hours and earn- 
ings. Mineral manufacturing industries showed small increases in 
weekly and hourly earnings. 


5 Bureau of Labor Statistics. Employment and Earnings. V. 8, No. 5, November 1961, p. iil 
€ BLS ceased publication of lead and zinc mining employment and earnings data in 1961. 
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TABLE 14.—Total employment in the mineral industries (nonfuel) in the con- 
tinental United States, by industry ! 


(In thousands) 
Mining 
Year and month 
Total mining and 
1 ewe oie 8 208. 1 93.2 81.8 21.7 
EEN 203. 2 83. 6 27.7 23.3 
18 esto NI TRUE 212.8 93. 3 33. 2 23.3 
unn 196.1 89. 9 28.3 30.0 
February -- 188. 5 88. 2 26. 6 28.3 
March. EE 192. 3 86. 3 27.0 28.2 
MEC 330 IS onata eah 198. 0 85.8 26.6 28.3 
Cj EE 204.7 87.1 27.4 29.0 
DUNG oes r AAA 210.2 88. 5 27.8 29.5 
deele Ee 210.9 88. 4 28.0 29.3 
A ee 208. 1 85.8 26. 5 29.6 
0 A 210.3 88. 4 29.4 29. 6 
DOP ioe ca ]] cess 206. 6 86. 3 28.0 28.0 
November. 204.1 87.6 28.2 29.1 
eee, ß 196.3 85.9 27.7 28. 4 
Yoar (average).................... 202. 2 87.2 27.6 28.9 
Mineral manufacturing 
Blast furnaces, | Primary metals, 
Fertilizers Cement, Steel works, nonferrous 
hydraulic and rolling smelting and 
mills refining 

1988. 35330 é 35. 4 44.4 531. 4 71.1 
Mere 36. 2 43.9 515.3 68.0 
m ee 35. 5 42.8 577.5 70.8 
A A Ie eR ER 34.9 38.0 488. 1 68.0 
A A 0000n 35. 9 36. 5 490. 4 66. 0 
Maret A ee sot seek 41.6 37. 5 496. 7 65. 5 
Ee ee 44.8 40.1 507.6 65.0 
BY EE 41.8 40.9 527. 3 65.7 
e A E 33.4 42.2 539.0 07.8 
July. lo iau eco cine dua det 2weees 80. 5 42.4 545. 5 68.0 
A dee see se eescs eee ue 31.3 41.7 550.0 68. 3 
September. 33. 5 41.3 559. 7 67.7 
i A ARdILE S 83.7 40.6 554.7 68. 7 
November. 32.0 40.3 550. 0 68. 9 
December... A 33.0 38. 8 554. 0 68. 8 
Year (average)...... 3 35. 5 40. 1 530. 3 67.4 
Employment statistics for lead and zinc mining and secondary nonferrous smelting and refining indus- 

tries ceased publication by BLS in 1961. 


2 Includes other metal mining, not shown separately. 


Source: U.8. Department of Labor, Em A and Earnings Statistics, Bureau of Labor Statistics, 
Bull. 1312. Revised on basis of the 1957 8.I.O., Employment and Earnings, v. 8, No. 5, November 1961; 
v. 8, No. 7, January 1962; v. 8, No. 8, February 1962; v. 8, No. 4, October 1961, table B. All prior employ- 
ment statistics are not comparable to the revised statistics. 
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TABLE 15. Average hours and gross earnings of production and related workers 
in the mineral industries (nonfuel) in continental United States, by industries 
EE 


Mining 
Metal 
Total! 
Year Iron 
Weekly Weekly 
Hourly Hourly 
earnings 
Earnings| Hours Earnings Hours 
1057 $91. 38 42.2 $2.17 $102. 05 39.1 $2. 61 
1958 91. 26 41.2 2. 23 98. 81 35.8 2.76 
1950. . P07. 94 42.8 2.30 107. 34 37.4 2. 87 
1960.......] 103.26 42.9 2. 41 114. 73 89.7 2. 89 
1961 ?..... 105. 68 42.8 2. 48 115. 12 38. 5 2.99 
Metal—Continued Mineral manufacturing 
N onmetallic us and 
quarry 
Copper Fertilizer 


Mineral manufacturing—Continued 


Cement, hydraulic Blast furnaces, steel works, | Primary smelting and refining 
and rolling mills of nonferrous metals 


Weighted dek ot of data computed, using figures for production workers as the weight. 

? Includes other metal pem ( not shown separately. 

3 1961 statistics derived from U.S. Department of Labor. Employment and Earnings. Bureau of Labor 
v. 8, No. 8, February 1962, table B-2. 

4 1967 dats not available. 


Source: U.S. Department of Labor. Em loyment and Earnings Statistics for the United States, 1909- 
60. Boreas of Labor Statistics, Bull. 1312 SZ 
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Labor Turnover Rates,’—Labor turnover rates in the mineral and 
related industries exhibited no striking or consistent trends during 
1961. This lack of trend reflected a mild and rather incomplete re- 
covery in economic activity. For the year as a whole, however, ac- 
cessions increased (except in metal mining), and separations and 
layoffs decreased, compared with 1960. 


TABLE 16.—Monthly labor-turnover rates in the mineral industries 
(Per 100 employees) 


Blast | Primary 
Hydrau- | furnaces, | smelting 
Turnover rate All lic steel and re- | Total Iron Cop 
manu- | cement | works, | fining of | metal mining mainte 
facturing | products n oli non- | mining! 


ferrous 
metals 
Total accession rate: 

1900 average 3.8 25 2.0 2.4 3.4 2.3 33.0 
January. 3. 7 2.9 4.0 1.7 3.8 6.9 1.1 
February 3.2 3. 7 3.4 2. 3 2. 5 3. 8 1. 5 
March................. 4.0 6. 7 3. 5 2.1 1.9 2.3 1.6 
Apel: FFF 4. 0 4. 5 5.1 2.5 3.1 4.6 2.7 

OY ENS ess 42 3.8 54 44 2.8 3.1 2.2 
VVT 8.0 3.0 3.9 4.2 3.9 3.6 3.5 

July... oor usc 4.4 2.3 3.0 2.2 2.1 1.7 2.3 
August 5.3 1.6 3.3 3.2 2.3 20 2.0 
September 4. 6 1.5 3.2 1.7 3.4 4.5 1.9 
De 4. 3 1. 9 2.2 3. 0 2.7 2.2 1.9 
November............. 8.3 1.3 2.0 1.8 27 3.3 1.4 
mber -0-a 2.5 1.3 3.7 1.4 2.0 3.0 1.1 
Average 4.0 2.9 3.6 2.5 2.8 38.4 1.9 

Total separation rate: 

1 . 4.8 3.3 43 2.8 3.8 4.5 22.3 
January 4.7 6.7 3.6 49 6.1 6.6 6.0 
February.............. 3.9 4.9 2.7 4.2 2.4 2.0 2.4 
March 3. 9 2. 0 2. 5 2.3 2. 8 3. 4 2. 3 
Aoril..................- 3.4 1.4 1.7 2.1 2.2 2.2 1.6 
May.................-- 3.5 1.2 1.9 1.9 2.4 2.8 1.6 
NCT 3. 6 1.5 1.8 2.1 1.8 1.2 1.6 
SOF A isan 4.1 2.5 1.7 1.9 2.3 1.1 1.8 
August 4.1 3.2 21 2. 8 2.9 1.9 2.6 
Beptember............. 4.8 3.2 2.7 3.5 4.0 47 2.4 

PFC S 4.1 2.8 3.1 2.1 2.9 3.8 2.3 
November............. 4.0 1.9 3.2 2.4 4.3 8.0 1.8 
„ 3. 8 7. 0 1.7 2.4 3. 3 3. 9 3.4 
Average. 40 3.1 2.4 2.7 8.0 8.4 2.5 

Layoff rate: 

tagged, EEN 24 2.3 3.5 1.4 1.5 8.5 3.4 
January 3.2 4. 9 2. 8 8.9 3.4 4.8 4.7 
Februar 2. 6 4.3 1. 9 3.4 1.1 1.4 1.3 
E HD Di HO Di Hs HS 03 

f$ AA KERN 1.8 . 5 1.1 .7 .8 1.9 .2 
1 AAA 1.7 . 6 1.0 .8 .2 .1 .2 
Jul eurer 2.8 1.7 1.0 .8 .8 .6 .3 
August 1.7 2.2 1.2 . 8 .7 1.2 .4 
Beptember............. 1.9 1.1 1.2 1.2 1.1 2.5 . 2 
Octobor................ 2.0 1.8 2.1 .9 1.3 8.1 . 8 
November 2.2 1.2 2.3 1.4 2.6 7.0 .3 
December.............. 2.4 6.4 1.1 1.6 2.1 3.4 2.5 

Average. 2.2 22 1.5 1.5 1.4 2.5 1.0 


Lead and zinc statistics have been discontinued. 
2 10-month average. 


Source: U.S. Department of Labor. Employment and Earnings Statistics for the United Staten, 1909-60. 
15 of erred poo By a ao employee m 75 Me 8, No. 5 SE 1961, tapie D-a; 
mployment and Earnings. V. o. 7, January i ; Employment an e O. 

February 1962, table D- 2. i E 


7 Work cited in footnote d. 
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Wages and Salaries.— Wages and salaries in the mining industry 
continued the downward trend begun in 1960, contrary to ike upward 

wth trend of all industries. Metal mining reached a peak in 1960 
rom the 1958 recession and declined in 1961 along with primary metal 
industries. Nonmetallic mining and quarrying increased slightly and 
kept up with the slow pace of construction activities; the stone, clay, 
and glass products industry declined inappreciably. The average 
annual earnings for full-time employees in the mineral industries in- 
creased modestly in 1961. 


TABLE 17.—Wages and salaries in the mineral industries in the United States 


(Million dollars) 
Change Change 

Industry 1960 from 1959 961 from 1960 

(percent) (percent) 
All Ind ele d WEEN 1 271, 308 4-5.0 278, 821 +2.8 
AUDIO e . casadas 3, 832 —.1 8, 749 —2.4 
Nonfuel mining UU UP 1. 165 +9. 2 1,151 —1.2 
etal TWINING AA hee eee Ee 568 +18.6 550 —3.2 
Nonmetallic mining and quarrying— 597 +1.5 601 +.7 
Finn. 2, 667 —3. 6 2, 589 —2.9 
Manufacturing... un nk neon eee 87, 411 1i 2 87, 469 +.1 
Primary metal industries lll llle... 7, 470 3.2 7,109 —3. 6 
Btone, clay and glass products 3,042 +3. 2 902 —1. 6 


1 Revised figure. 


Source: U.S. Department of Commerce, Survey of Current Business. Office of Business Economics, 
v. 42, July 1962. 


TABLE 18.—Average annual EE in the mineral industries in the United 
tates 


Industry 


i 
855 
SS 


E 


Arne rc diu aa RES $4, 705 +2.2 $4, 843 +2.9 
AH mining. EE 5, 685 HA 6 5, 885 +3. 5 
Nannen mining. EE 1 5, 676 4.3 5, 824 -42.6 
Metal mining...................... c Lc c ee e e e eere 6. 108 Ts 6 6, 7 
Nonmetallic mining and quarrying..................... 5, 330 3.3 5, 1.6 
Fuel mining AAA 1 5,685 Tr 9 A 2.6 
Mhanufscturing...............- c ee cono s- 5, 342 2.4 6, +3.1 
Primary metal industries 6, 341 +.1 6, +3.3 
Stone, clay and glass producta 5, 337 +2.5 6, +2. 5 
2 Revised figure. 


Source: U.8. Department of Commerce. Survey of Current Business. Office of Business Economics, 
v. 42, July 1962. 


Productivity. Productivity increased in metal mining. All indexes 
reached record highs. (Lead and zinc mining labor-productivity 
indexes previously derived by the Bureau of Mines were discontinued 
because BLS ceased publication of employment data for the industry). 
These indexes are on the 1957-59 base, while those published pre- 
viously were on the 1947-49 base. BLS revised employment and 
man-hours statistics for the copper and iron mining industries along 
with other industries. These revisions were primarily due to the 


nit -8. Depertment of Labor. Employment and Earnings Statistics, Bureau of Labor Statistics Bull 
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periodic benchmark adjustments to unemployment insurance data 
and a change in the sampling technique for small firms. The revised 
employment figures and output indexes have been adjusted by BLS 
to benchmark levels computed from Census of Mineral Industries 
data for 1939, 1954, and 1958. 


TABLE 19.—Labor-productivity indexes for copper- and iron-ore mining! 
(1957 -59==100) 


Copper, crude ore Iron, crude ore 
mined per— mined per— 


Production | Man-hours | Production | Man-hours 


1952-56 (average) 9. 2.2 eee 
1957 


—ͤ—ũà—4'. — e mm omo mm mm me e coe oom e 


1052-56 (average)............-.-- ene 102.8 
/ ³ÄVW POOR EES 106. 7 
IU EE EE 95.3 
¡AA at ee ead 8 94.6 
/// A PES IR SOME SON te 106.2 
11!!! 110. 0 


Indexes have been revised and adjusted to benchmark indexes derived from the Censuses of Mineral 
Industries for the years 1939, 1954, 1958. 

2 6-year average figures were computed by the Bureau of Mines from the statistical data, Source: U.S. 
Department of Labor, Bureau of Labor Statistics. 

3 Preliminary figure. 

4 Figures refer to usable ore rather than recoverable metal. For iron, usable ore is that product with the 
desired iron content (by selective mining, mixing of ores, washing, jigging, concentrating, sintering). 


PRICES AND COSTS” 


Index of Mine Value.—The average unit mine value of all minerals 
(including fuels) remained unchanged for the third successive year. 
IIowever, the stability of the index was sustained by a 1-point rise 
in the fucls index over 1960; which equalized a 2-point decline in the 
metals index. The nonmetals index remained the same. 

In the metals subgroup, despite general increases in ferrous and 
other nonferrous metals, the 11-point decrease of the base nonferrous 
metals carried the total metal index down. The nonmetal subgroup 
was unchanged as an increase in chemical minerals compensated for 
a decline in construction materials. 

The stability of the average unit mine value of minerals index was 
in line with the trend for wholesale price indexes; the average unit 
value for wholesale prices was 100.7 in 1960 and 100.3 in 1961. 

The difference between the average unit mine value index (table 20) 
and other published indexes is illustrated by the monetary-metal 
index. The Treasury price of gold and silver had not changed from 


* The indexes aro revised to the 1957-59 base, but those published previously were on the 1947-49 base. 
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TABLE 20.— Index of average unit mine value of minerals produced in the United 
States, by group and subgroup ! 


(1957-59 = 100) 


Metals Nonmetals 


Fuels 
Con- |Chem 
Total | struc- | ical | Other 
Base | Mone-| Other tion 

79 87 92 81 83 89 
74 89 93 83 86 89 
80 93 95 91 84 93 
86 904 95 95 £6 92 
94 95 05 99 89 92 
97 98 98 100 97 95 
105 99 99 101 101 102 
96 99 99 100 99 100 

99 101 102 99 100 
99 102 104 100 101 96 
100 102 102 101 101 97 


; 10 For 1 CcOpuon of Index see Review of Mineral Industries: Ch. in Minerals Yearbook, 1959. V. 1, 
, pp. — 


year to year, but the index did.” The variations were caused by 
movements in the differential between smelter purchase prices for 
ores and refined metal prices. The index of mine value is believed to 
reflect more accurately the actual per-unit mine return. 

Index of Implicit Unit Value.—The index of implicit unit value!“ 
is presented for the first time in table 21. The index reflects the unit 
pee change implied in the Bureau of Mines Index of Physical 
'olume of Mineral Production and its value series of total mineral 
production. To construct the index, it was necessary to compile a 
value of mineral production index using total values as published in 
the Statistical Summary chapter of the Minerals Yearbook. The 
implicit unit index number is found by dividing the index of value by 
the index of physical volume. 

This index differs from other price indexes because it is not con- 
structed on the basis of any actual price quotations but is constructed 
5 measures of quantity and value as measured by indexes of 

ange. 

Unit value of all minerals declined slightly. Mineral fuels rose 1 
point but not enough to counterbalance the lower metals and non- 
metals indexes. The metals decreased 2 points, and nonmetals 
declined 2.7 points, 2 percent and 2.6 percent, respectively, from 1960. 


Prices.—Prices of mineral commodities were generally steady, 
declining slightly except for large gains in iron and steel scrap, 
phosphate rock, and potash. Nonferrous metals, particularly slab 
zinc and pig lead, declined the most in the ll average prices. 
Slab zinc decreased the most from January to December 1961. During 
the year most commodities listed showed greater variation in price 
than the average of all commodities. 


» Starting in November 1961, the U.8. Treasury stopped selling silver on the open market. 
n Designed by William A. Vogely, Chief economist. 
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TABLE 21.—Index of implicit unit value of minerals produced in the United 
States by group 


(1957-59 100) 
Year All Total Total Total mineral 
minerals metals nonmetals fuels 

Kr el EE 55.3 42.3 117.0 48. 4 
1CöõÜö§ : 56. 2 41.1 113.1 50. 9 
dE 49.0 37.6 195.8 42.4 
1 EE 46.8 38. 6 101.8 39.8 
1920 EE 47.2 42.9 97.1 40.0 
is AAA A IN A 43.0 Y 8 90.1 37.6 
j^ eS SO Oo POPE ADS 33.3 22.9 79.9 27.7 
IJ ͥͥͥ 0 EE 31. 9 22. 6 71. 4 28.7 
1933 AA y a las 29.8 31.9 70.6 25.3 
ii a 36. 8 34.0 74.4 33.2 
1935 css eae v EE 36. 6 35.1 77.0 32.6 
y A EES 38.0 36.1 66.1 34.6 
Dur PNE 7ĩ˙?˙ͥqæ ie ⁰⁰dʒ; 40. 3 40. 5 64.2 36.9 
I awake. 38.3 36.0 62. 4 35.9 
i ß 37.4 38. 5 64. 8 33. 3 
TU ((/ ⁰ã¶ AAA ea 37. 3 37.7 62.3 33. 4 
I ͥͥͥͤ¹ͥͤ . 8 41.3 39. 3 63.8 38. 1 
/ EE NO eae 43.1 40.6 64. 4 40.3 
hi DEE EE 44.7 39.9 63.3 43.1 
A mme 8 46.1 42.1 63.0 45.2 
117 a a 47.1 4.7 66.5 45.8 
Er A ARI 54.0 50. 5 78.1 51. 8 
J ⅛1.¹—1Aͥ ·5Ü eta ͤ k ʒ sees 65. 7 58. 7 73. 4 66. 6 
al: EE Ee 80. 7 64. 3 78.9 84.9 
II A ea EP OUS 5 NA 80.0 64. 4 81.2 83. 0 
190 SE 80. 5 68. 4 82. 4 82. 6 
II/ 8 83.6 78.5 85.7 84. 5 
1952 AR ³⁰—2iwu a e T e Ea EE 84.2 79.0 86.0 84.9 
1053. ck A EE 89. 2 83.7 91.3 89.8 
J. ³ Ä. A mS SUE ERE 90. 7 85. 6 04.3 00. 7 
LEE 92.3 96.0 96.4 90.1 
1056. EE 96.1 110.8 99. 4 92.8 
A A EE 99.9 99.0 97.6 100. 6 
Di A A ß 99.7 96.7 99.7 100.0 
1056 A E E 100. 3 105. 2 102. 5 99. 3 
1000: oto Se Swe bur deu ⁰yʒt 8 101.4 106. 4 100.3 100. 2 
br NEE 101.1 105. 6 100. 9 101.8 


Costs.— Most cost items as shown in table 23 increased moderately 
in price compared with 1960. Explosives showed the greatest increase; 
gas fuels and petroleum products gained slightly. Lumber prices 

eclined 5 percent from 1960 and continued the downward trend 
begun in 1959.. Industrial chemicals and coal declined much less. 

n March 1962, BLS began publishing detailed construction, min- 
ing, material handling, and other machinery and equipment indexes. 
The relevant indexes are presented in table 24. In general, prices 
of mining, construction, and material-handling machinery and equip- 
ment increased over 1960. The changes from 1960 for major items 
are as follows: 


Percent 
Mining machinery and equipment- ---------------------------------- +1.3 
Construction machinery and equipment Une L ＋ 1. 6 
Power cranes, draglines, shovels, et·kaözkuu ll. LLL LLL Lll ll. +.3 
Tractors; Other than f)). came LENS +1.5 
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TABLE 22.—Price relatives for selected metals and mineral commodities, January 
and December 1961, and annual averages 


(1957-59 == 100) 
1961 Change Annual average Change 
from from 
Commodity January 1960 

January | December | (percent) 1960 | 1961 (percent) 
Metals and metal products........... 100. 3 E ASA 101.3 100.7 —0. 6 
D 100. 2 APA 100. 6 100. 7 4.1 
aa 98. 1 WE los 97.1 98. 1 +1.0 
Iron and steel crap 75. 4 78.8 4-4.5 79.9 84. 7 +6. 0 
Semifinished steel products....... 101.8 | tt aa 102. 0 101.8 —.2 
Finished steel products........... 101. 9 101. 5 —.4 102. 1 101.7 —.4 
Foundry and forge shop products. 103. 4 MEM Lon Ld 103. 1 103. 4 +.3 
Pig iron and ferroalloys........... 95.9 95.3 —.6 96. 3 94. 6 —1.8 
Nonferrous metals...............- 98. 8 100. 8 2.0 103. 9 100. 4 —3. 4 
Primary metal refinery shapes.... 98.8 101.8 +3.0 103. 6 100. 9 —2.6 
Aluminum, ingot 103. 7 95. 7 —7.7 103. 8 101.7 —2.0 
Topper, ingot, electrolytic........ 99. 2 106. 1 7.0 111.2 103. 7 —6. 7 
pig, common 84.7 78.9 —6. 9 91. 8 83. 6 —8.9 
Zinc, slab, prime western......... 104.0 108. 3 +4, 1 116.6 104. 4 —10.5 
Nonferrous scrap— 92. 6 99.9 +7.9 100. 8 99.9 —.9 
Nonmetallic mineral products......... 101. 8 101. 6 —.2 101. 4 101.8 +.4 
Concrete ingredients. 102. 7 101. 8 —.9 102. 7 102. 8 +.1 
Band, gravel and crushed stone... 102. 0 102. 7 ＋ . 7 101.8 102. 4 +.6 
Concrete 0. 000 eR BEE Ze 102. 4 ER 4 TUNES 102. 4 102. 5 +.1 
Structural clay products 103. 3 MER T A d 103. 1 103. 2 +.1 
Gypsum products 102. 9 105.0 +2. 0 101.9 103.8 +1.9 
Other nonmetallic minerals 102. 3 101.7 —.6 102. 8 102. 2 —.6 
5 104. 9 106. 0 +1.0 104. 7 105. 2 4.5 
Insulation materials | 95. 4 92. 6 —2.9 100. 7 95. 1 —5.6 
Asbestos cement shingles.........! 110. 6 A de 108. 1 110.6 +2.3 
Bituminous binders (1958 100) 100. 0 ON LM Pet OCC 100. 0 e 

Fuels and related products and | 
1 —— 102. 6 100. 6 —2. 0 99. 6 100.7 +1.1 
Fertilizer materlals............... 104. 8 104.7 —.1 102. 2 104. 3 +2, 1 
. NAP 101.7 101.6 —.1 100. 6 | 101.2 J-.6 
MEE o Lose mene cdam 107. 3 108. 8 +1. 4 103. 9 107.4 ＋3. 4 
` Dmek.......... 116.3 120. 4 +3.5 108. 7 117.0 +7.6 
Ke 114.9 113.7 — 1.0 105.2 112. 8 +7.2 
M urlate, domestic...............- 112, 9 111.4 —1. 3 103. 6 110. 8 +6. 9 
c 114.3 EK do 106. 1 112.3 +5.8 

All commodities other than farm 

TEEN 101.2 100. 9 —.3 101.3 100.8 —.5 
ABD comamodities.................. 101.0 100. 4 —.6 100. 7 | 100. 3 | —.4 


come: U.8. Department of Labor. Wholesale Price Index. Bureau of Labor Statistics, Annual and 
monthly releases; also published currently in Monthly Labor Review. 


TABLE 23.—Price relatives for selected cost items in nonfuel mineral production, 
January and December 1961 and annual averages 


(1957-50 == 100, unless otherwise specified) 


Annual average Change 
. ˖ ç— SOI 


Commodity 
1 

1960 11961 | (percent) 
CDal AA oix Eduusas —— 98. 8 97.7 —1. 1 
r Luc 8 - 103. 6 103. 6 |.......... 
Gas fuels (January 1058 100) 116. 6 118 7 +1.8 
Petroleum and refined products....... 97.6 99. 3 +1.7 
Industrial chemicals 100. 5 98. 4 —2.1 
Lumber... A esses 99.8 94.7 —6.1 
Explosive 105. 6 108. 4 +2. 7 

Construction machinery and equip- 
MOR CS eene ee 105. 8 107. 5 +1.6 


3 Preliminary figures. 


Source: U.8. Department of Labor. Labor Monthly Review, and Wholesale Price Index. Bureau of 
Labor Statistics, 
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TABLE 24.—Mining construction and material handling machinery and equipment 
(1057-59 == 100) 
. Con- 


pecial- 
ized con-| Portable| Scrapers 
struc- air com- and 
graders 


ji 


e 
ka 


388888888888 
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388828 


54.2 
01.3 
65.3 
67.2 
74.5 
78. 6 
77.9 
79.3 
82.6 
89.5 
96.3 
00. 1 
03. 6 
05. 8 
107.5 
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Source: U.8. Department of Labor. Wholesale Price Index. Bureau of Labor Statistics, March 1962, 


The index of labor costs per pound of recoverable metal decreased 
slightly in a mining but remained unchanged in iron-ore mining. 
The index of labor costs per dollar of recoverable metal increased 
5 points in copper mining and held steady in iron-ore mining. The 
index of value of recoverable metal per man-hour declined for copper 
but increased for iron ore. 


TABLE 25.—Indexes of relative labor costs, copper- and iron-ore mining 
(1957-59 = 100) 


Labor costs dollar 
of recoverable metal 8 


Value of recoverable 
metal per man-hour ? 


Labor costs per pound 
of recoverable metal ! 


222280802284 


222 


1 Index computed from data in tables 15 and 19. All data has been rebased on the 1957-59 period. 
2 Index computed from data in table 19 multiplied by qure ofelectrolytic copper and iron ore, and rebased. 


* Index computed by author using index of value and data in table 15. 


Source: U. B. Department of Labor, Indexes of Output Per Production Worker and Per Production Work- 
er Man Hour. Bureau of Labor Statistics, Employment and Earnings. Bull. 1312, 


Index of Principal Metal Mining Expenses.'”—Since this index 
excludes capital costs and contract work, 1t does not represent changes 
in total unit cost of metal mining. It does, however, gage the impact 
of labor costs and productivity changes as well as changes in prices of 


8 This index is for iron ore and copper mining only. 
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current supplies and fuels that are used by the mining industry. 
Reflecting the 1-point decline of both cost of labor (adjusted for gain 
in labor productivity) and cost of supplies, despite the slight increase 
of fuels cost, the index was 1 point lower than in 1960 and continued 
the mild downward trend since 1959. These indexes not only are on 
the 1957-59 base but also are reconstructed by using weights derived 
from 1958 Census of Mineral Industries, while those published pre- 
viously were on the 1947-49 base using 1954 Census of Mineral 
Industries weights. 


TABLE 26.—Index of principal metal mining expenses! 
(1957-59 = 100) 


1 Indexes constructed by author, using weights derived from the 1958 Census of Mineral Industries and 
using data from U.S, A Hu of Labor, Bureau of Labor Statistics, Wholesale Price Index: Annual 


and monthly releases and labor cost index from table 23. This index is for iron and copper ores only. 


Fringe Benefits for Mine Workers.“ During the period, 1935-60, 
supplementary remuneration practices, a substantial part of employer 
expenditures for employee pay, increased in variety and complexity. 

In the mining industry, employer expenditures for fringe benefits 
were accrued either directly to the employee or indirectly 323 9 the 
insurance companies, the Government, or private welfare funds. 
The direct payment in 1960 included paid leave amounting to 4.7 
percent of the gross payroll for production, development, and related 
work in all establishments, and premium pay amounting to 5.5 per- 
cent. Indirect payments for legally required income security pro- 
grams such as social security, unemployment compensation, and other 
insurance, amounted to 6.8 percent of gross payroll. In addition, 
private welfare plans provided 8.8 percent of gross payrolls. In 
terms of cents per production-man-hour paid for all establishments, 

aid leave came to 12.0 cents an hour; premium pay, to 14.0 cents; 
egally required payments, to 17.3 cents; and private welfare plans, 
to 22.4 cents. 

Average 8 for paid leave ranged from 7.3 percent of gross 
payroll in establishments in iron-ore mining to 4.2 percent in 
mining and quarrying nonmetallic minerals except fuels, or 21.1 cents 
per hour to 9.1 cents, respectively. 

Average expenditures for premium pay ranged from 6.0 percent of 
gross payroll of all establishments in mining and quarrying nonmetallic 
minerals except fuels to 3.7 percent in lead and zinc ores; average 
cents per hour paid ranged from 13.3 cents to 8.9 cents, respectively. 


SC S. Department of Labor. Bureau of Labor Statistics, Monthly Labor Review: Supplementary 
Remuneration for Mine Workers. v. 85, No. 6, June 1962, pp. 654-661. 
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TABLE 28.—Average expenditures for private welfare plans in mining industries, 
United States, 1960 


Percent of gross payroll 


Health, | Pen- | Vaca- |Supple-| Bever- | Sav- | Year- 
Industry ! acci- sion tion mental] ance ings end 
Total) dent, and and | unem- | or dis- | and and 

and | retire- holiday] ploy- | missal | thrift | Christ- 

life in- | ment | funds | ment pay plans mas 


surance| plans benefits bonuses 
All establishments 
Metal mining ... 7. 0 3. 8 2.9 .1 
A EE 10.0 4.6 4.3 sek 
Copper oreg. 0.. ---.------..-- 6.6 3.5 2.9 .2 
Lead and zinc ores 4.3 2.4 1.8 (3) 
Anthracite mining 14.3 .4 13.9 (3) 
Bituminous coal and lignite mining....| 18.1 8.2 9.9 (3) 
Crude petroleum and natural gas 3..... 5.7 1.0 3.0 .4 
Crude petroleum and natural gas. .] 9.1 1.3 4.9 .5 
Oil and gas fleld services........... 2.0 .7 .8 . 3 
Mining and quarrying of nonmetallic 
minerals, except fuels................ 4.6 2.0 1.8 7 
All industries, average........... 8.8 3.3 4.6 .3 
Metal mining 8... 19. 4 9.8 8.1 0.3 
Won eres cde ur Ree 28.8 13.2 12. 5 .4 
Copper oteg. me cle ec .- 18.0 9. 6 8.0 . 5 
Lead and zinc ores................. 10. 5 5.9 4.4 . | 
Anthracite mining 38.1 1.2 36.8 .1 
Bituminous coal and lignite mining....| 53.8 24.3 29.4 .1 
Crude petroleum and natural gas 3..... 13.8 2.4 7.2 1.0 
Crude E and natural gas..| 23.8 3.5 12.8 1.3 
Oil and gas field services........... 4.4 1.5 1.8 .8 
Mining and quarrying of nonmetallic 
minerals, except fuels 4.3 4.0 1.5 
AU industries, averaze........... 22.4 8.3 11.7 8 


io äi classification is based on the U.S. Bureau of the Budget, Standard Industrial Classification Manual, 
5 


2 Less than 0.05 percent or 0.05 cent. 
3 Includes industries not shown separately. 


Source: U.S. Department of Labor. Bureau of Labor Statistics. Monthly Labor Review: Supple 
mentar y Renumeration for Mine Workers, 1960. June 1962, v. 85, No. 6, p. 660, 


Average expenditures for legally required payments ranged from 
7.0 percent of gross payroll of all establishments in lead and zinc 
mining to 4.6 percent in copper mining, or 16.9 cents per hour to 
12.8 cents, respectively. 

Average expenditures for private welfare plans ranged from 10.0 
percent of gross payroll of all establishments in iron-ore mining to 
4.3 percent in lead and zinc mining. The average expenditure in 
cents per hour paid ranged from 28.8 cents in iron-ore mining to 9.9 
cents in mining and quarrying nonmetallic minerals except fuel. 


INCOME 


National Income Originated.—Contrary to the trend of all industries, 
income originated in all mining and related industries declined. 
Metal mining lost 10.7 percent, because of lesser demand for primary 
metal and significant depletion of stocks of metal ores. 


REVIEW OF MINERAL INDUSTRIES 27 


TABLE 29.—National income Miner on in the mineral industries in the United 
tates 


Income, million dollars 


Industry 

All industries 000.02.22.22. ee e eee ERR 400, 481 .0 
Metal mining 644 70 7 
Nonmetallic mining and quarrying...........-.....-.-. 800 —.7 
Total mining except fuels e 1. 444 —6. 5 
Total mining including fuels 5, 283 —4.4 
Manufacturing 119, 929 —.2 
Primary metal industries ee erae eee ree 10, 527 —4 1] 
y and glass produets 4, 450 —2.0 

All ee 


1U.9. Department of Commerce. Survey of Current Business. Office of Business Economics, v. 42, 
n o arrive at national income, depletion charges are not deducted; this affects data for mining 
ries, 
! Revised figures. 


Profits and Dividends.—The annual rate of profit in 1961 on stock- 
holders' equity (after corporate income taxes) was 10 percent less 
than in 1960 for mineral manufacturing corporations compared with 
a 4.4-percent decrease for all manufacturing. The rate of profit of 
mineral manufacturing continued the downward trend started in 1960. 
Although dividends distributed declined, except for the stone, clay, 
and glass products industry, they did not drop as sharply as profits. 
Minerals manufacturing again trailed behind all manufacturing in 
both rate of profit and dividends distributed. 


TABLE 30.—Annual average profit rates on shareholder's equity, after taxes, 
and total dividends, mineral manufacturing corporations ! 


Total dividends (million dollars) 


Annual profit rate (percent) 


Percent Percent 

1901 [change 1961 

om 1 from 1960 
8, 551 4-3. 3 
926 —3. 0 
627 — 3. 3 
3 300 — 2. 3 
304 +1.0 


1 Federal Trade Commission and Securities and Exchange Commission, Quarterly Financial Reports for 
E eel Coporations, Ist Quarter and 4th Quarter 1961, tables 4 and 8. 
9 [Included in primary metals. 


28 MINERALS YEARBOOK, 1961 


Business Failures.—Mining failures continued to increase, and 
reached a record high, but current liabilities of the firms that failed 
decreased by 14 percent from 1960. 


TABLE 31.—Industrial and commercial failures and liabilities 


Mining:! 


Number of failures UU . 91 98 10³ 

Current liabillties ne E thousand dollars 8, 363 19, 650 16, 814 
Manufacturing: 

Number of fallures nu 2, 374 2, 514 2, 722 

Current liabilitilessssSLsSLsLss thousand dollars.. 199, 373 269, 985 308, 468 
All industrial] and commercial industries: 

Number of füllüFrég. ss. 14, 053 15, 445 17, 075 

Current llabilities—— thousand dollars.. 692, 808 938, 630 1, 090, 123 

3 Including fuels. 


Source: Dun & Bradstreet, Inc. Monthly Business Failures. Business Economics Department, New 
York, N.Y., January issues, 1960, 1961, 1962. 


INVESTMENT 


New Plant and Equipment.—Expenditures for new plants nd equip- 
ment by fuel- and nonfuel-mining firms declined $10 million in 1961 
compared with 1960, and were $260 million under 1957. The decline 
was 1 percent in the mining industry compared with 6 percent in all 
manufacturing. The 29-percent, 14-percent, and 18-percent declines 
in expenditures for new plant and equipment by primary iron and 
Steel, primary nonferrous metal, and stone, clay, and glass products 
manufacturing, respectively, were much more severe than the decline 
in all manufacturing. 

Issues of Mining Securities.—The mining industry (including fuels) 
was the source for 2.0 percent of all new corporate securities offered 
in 1961, below the 2.5 percent and 2.1 percent for 1960 and 1958, 
respectively, but above the 1.7 percent figure in 1959. The percent- 
age distribution between types of securities in mining followed a 


TABLE 32.—Expenditures on new plant and equipment by firms in mining and 
selected mineral manufacturing industries ! 


(Billion dollars) 


1961 


Industry 
January-| April- July- October- 
March June | September | December 


Mining MA c escsm URS 


0. 99 0. 21 0. 26 0. 25 0. 26 
Manufacturing 12. 07 3. 00 3. 46 3. 34 3.88 
Primary iron and steel 1. 04 28 . 28 . 26 . 30 
Primary nonferrous metals... .31 07 , 07 . 06 . 07 
Stone, clay, and glass 
Fee AA . 63 .11 . 12 . 12 .10 
Chemicals and allied prod- 
diui A Pn 1. 23 . 33 . 42 . 40 . 46 
Petroleum and coal products.| 2.49 . 56 frt . 70 .80 


Including fuels. 


Source: U.S. Department of Commerce. Survey of Current Business. Office of Business Economics, 
v. 41, No. 3, March 1961, p. 14; v. 42, No. 3, March 1902, p. 7. 
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pattern similar to that in 1960. Total gross proceeds from all corpo- 
rate offerings increased $2,988 million, compared with 1960; mining 
proceeds gained only $13 million. The 5-percent increase in proceeds 
in mining greatly lagged behind the 29-percent gain in total corporate 
offerings and 87-percent increase in manufacturing. 


TABLE 33.—Estimated gross proceeds of new corporate securities offered for 
cash in the United States in 1961 ! 


Total corporate Manufacturing 


1 U.S. Securities and Exchange Commission. Statistical Bulletin. V. 21, No. 4, April 1962, p. 18. Sub- 
stantially all new issues of securities offered for cash sale in the United States in amounts over $100,000 and 
with terms to maturity of more than 1 year are covered in these data. 

3 Including fuels. 


Prices of Mining Securities, The index of common-stock annual 
average prices of mining securities and the composite and manufactur- 
ing indexes gained over 1960. An increase in the mining index 
reversed the sharp decline in 1960. "The index increased 19 percent, 
compared with a 16-percent gain in manufacturing and a 20-percent 
gain in the composite. 


TABLE 34.—Indexes of common-stock annual average prices ! 


(1057-50 = 100) 

Year Composite? |Manufacturing| Mining? 
A E 89. 8 90. 7 107. 2 
111i ]·Ü wur EE 93.2 92. 5 97. 9 
ICJ/ö;ͥ ) d A 116. 7 116. 5 95. 0 
J ͥ TUT. ͤ AAA EU dee cds 113. 9 110. 9 73. 8 
RUG) BEE 134. 2 126. 7 92. 5 


1 Conncil of Economic Advisers. Economic Indicators (prepared for the Joint Economic Committee). 
April 1962, p. 30. Indexes are yearly averages of weekly closing-price indexes of common stock on New 
York Stock Exchange. 

3 In addition to mining and manufacturing, covers transportation, utilities, trade, finance, and service. 

3 Including fuels. 


TRANSPORTATION 


Data on rail and water transportation were not available for 1961 
because they are not published until the late fall of the year after the 
year reported. "Therefore, the data in tables 35, 36, and 37 cover 
1959 and 1960. 

Rail Transportation.—All mineral products were 59 percent of 
total tonnage carried by rail during 1960, of which metal and other 
nonfuel minerals were 31 percent and mineral fuels, 28 percent. The 
overall tonnage carried by rail increased 9.2 million short tons over 
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1959; total mineral products increased 7.6 million short tons. The 
14.6 million short-ton gain of metal and nonfuel minerals more than 
compensated for the 7.0 million-ton decrease of mineral fuels. In 
the metal and nonfuel mineral subgroup, iron and other metallic ores 
and concentrates increased; sand and gravel, crushed stone, and 
cement declined. 


TABLE 35.—Indexes of average freight rates on carload traffic, 1959-60, and 
"Mie revenue per ton, originated or terminated, 1958-60, in the United 
tates 


Indexes 1 A verage revenue per ton ? 
(1950 22100) (dollars) 
Item 
1958 1959 1960 

Products of mines. 3.16 3. 13 8. 03 
Iron ore EE ⁰y 2. 39 2. 46 2. 34 
Clay and bentonlte Lc lec seres 7.19 8.17 8.18 
Sand, industrial 3.53 3. 60 3. 45 
Gravel and sand, n. o... 1. 35 31.38 1. 38 
Stone and rock, broken, ground and crushed..... 1.72 1.69 1.67 
Fluxing stone and raw dolomite................. 1. 89 1. 96 2. 01 
«118 EE 6. 96 6. 84 9. 34 
Phosphate rock 2. 34 2.15 1. 97 
Mineral manufactures and miscellaneous t........... 11.85 11. 54 11. 66 
Fertilizers, 0.0.8.....-..-.....------.--------- eee 8. 37 8.12 7.76 
, ucvo sepe A Li 5. 30 5. 33 5.17 
Cement: Natural and portland.................. 4.03 3.74 3. 38 
A EE 6. 46 6. 23 A. 94 
Scrap iron and scrap steel. 4.39 4. 43 4. 06 
Fünen dci acta 2. 08 1. 88 1. 82 

Nonmineral categories: 
Products of agriculture............. 2. 2... 8. 66 8. 39 7. 93 
Animals and products)... 24. 21 23. 92 24. 22 
Products of forests MM h 8. 35 8. 33 8. 22 
Forwarder triffie. RP H 45. 39 41. 83 38. 92 
All commodities... 0.02 ee eee 6. 96 6. 94 6. 67 


1 U.S, Interstate Commerce Commission. Index of Average Freight Rates on Railroad Carload Traffic 
1952-60, Bureau of Transport Economics and Statistics, Statement RI-1, January 1962, 

2 U.S, Interstate Commerce Commission, Freight Commodity Statistics, Class I Steam Railways in 
. States. Bureau of Transport Economies and Statistics, Statement 59100, 1958; 60100, 1959, and 

05, 1960, 

3 Revised figure. 

$ All manufacturers and miscellaneous. 


Water Transportation.—All mineral products were 83 percent of 
total tonnage shipped on water during 1960, of which metal and other 
nonfuel minerals were 24 percent of the total, and mineral fuels were 
59 percent. The overall tonnage shipped on water increased 33 
million tons over 1959; total mineral products shipped increased 26 
million tons. Metal and other nonfuel minerals rose 16.9 million 
Kë in 1960. Iron ore increased 23.1 million tons to offset all other 

eclines. 


Great Lakes Shipping.—The Great Lakes had almost 85 percent of 
the dry-cargo tonnage of domestic water commerce; coastwise traffic 
had 90 percent of the tanker tonnage. The mineral commodities 
supplied 95 percent of the total Great Lakes traffic in 1960 compared 
with 91 E in 1959. The change was attributed principally to 
increased shipments of iron ore. 


REVIEW OF MINERAL INDUSTRIES 31 


TABLE 36.—Rail and water transportation of mineral products in the United 
States, by products 


(Thousand short tons) 
Water 2 
Product Change 
from 
1959 1960 1959 
(per- 
cent) 
Metals and minerals, except fuels: 
Iron E „847 +89.4 | 47,454 | 70,552 +48. 7 
Iron and steel scrap................... 20, 279 —.4 1, 744 1, 739 —.8 
Metals and alloys8....................- 10, 133 —7.8 
Other ores and concentrates........... , 626 Ie 0 3, 933 4, 368 +11. 1 
Other sers res 332 16.8 
ene > F VF 2 95 ere? 778 1, 190 +53. 0 
and and gravel...................... A —11. 
Stone, crushed except Iimestone 50,705 | 7. 2] 64988} 59,750 -8&1 
Limestone, crushed................... 16, 161 +3.9 27, 188 28, 886 +6. 2 
WT A ec PC KD 27, 983 —18. 4 5, 623 5, 563 —2.1 
Phosphate rock k 24, 321 +5.8 AS. EEN IA 
CIUS. EE 9, 322 —4.6 2,197 2, 024 —7.9 
i 3. 203 — 20.0 4. 680 4, 007 —14.4 
Other 27, 904 ＋6. 5 3,563 3, 646 +2.3 
rr 377. 559 +4.0 164, 797 181, 725 +10.3 
Mineral fuels and related products: 
Anthracite 1 4 cee c eee eec e-- 16,839 | —17.3 814 6 —22.2 
Bitumilnous 11 304, 500 —.9 | 130,038 | 132, 230 +1.7 
Coke A wcbewsssdewsueoes 16, 453 +1.8 285 448 ＋ 57.2 
Crude petroleum ; 4-23.3 72, 356 74, 138 4-2.5 
Gasoline. .-..- coe Qua Seet 7,581 —7.8 93, 011 92, 618 —.4 
Distillate fuel ofl..........--.--------- 1.279 —9.8 ( 73.192 | 74,004 41.1 
Residual fuel oll. , i 45, 265 49, 666 +9.7 
Kerosene.— 18, 747 -.1 325 9, 255 —.8 
Mi. ³ð A i 10, 236 16, 591 4-2.2 
Jh a 380, 269 | 373,237 —1.9 | 440,522 | 449,583 -2.1 
Total mineral products. ............ 743,190 | 750.796 +1.0 | 605,319 | 631, 308 +4.3 
Grand total, all products............ 1, 223, 397 |1, 232, 670 8 726, 732 760, 573 +4.7 
Mineral products, percent of grand total: 
Metals and minerals, except fuels 30 N 23 241 sea. ra 
Mineral fuels and related products 31 28 Keen 61 S 
Total mineral products 61 r E AA 84 8 


A ——.—.—..— —— —————— EE REEE 
1 Revenue freight originated excluding forwarder and less than carlot shipments, for which data are not 

available. Source: Interstate Commerce Commission, Freight Commodity Statistics, Class I Steam 

Railways in the United States, for years ended Dec. 31, 1959 and 1960. Statements 605 and 6105. 

3 Domestic traffic—all commercial movements between any point in the 50 States or the U.S. territories 
and possessions and any other points. Traffic with Panama Canal Zone, Virgin Islands, and Defense 
Department vehicles carrying military cargoes excluded. Source: Department of the Army, Waterborne 
Comi:nerce of the United States, calendar year 1959 and calendar year 1960, pt. 5, National Summaries. 

3 Figures for rail shipments include briquets. For water shipment, briquets not reported by type of 
material; included with “Other.” 

* The Gs statistics include anthracite to breakers and washerles (thousand short tons): 1959—8, 601; 
1960—6, 


TABLE 37.—Great Lakes shipping 
(Million short tons in dry cargo ships) 


Iron BEEN 
Bituminous coal and lignitoooo—— 
Crusned limestonßl/»ne k 
r d cee stew cs 
Band and gra vel! 
All other commodities... g—gꝛuꝛwnꝛ̃ 


233K... EE I EESE EEE TAES E S PP EL cl 
Source: U.S. Department of Commerce. Maritime Commission, Domestic Oceanborne and Great Lakes 
Commerce of the United States. 1959, 1961, and summary for 1951-59. 
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FOREIGN TRADE 


Value.—Value of nonfuel mineral imports decreased 5 percent 
from 1960. The reduction of iron ore and copper concentrates 
imports caused the decline. Value of exports increased 1 percent, 
another record high. The $112 million gain of ferrous scrap exports 
accounted for most of the increase. 

Tariffs.—On January 26 the U.S. Tariff Commission reported the 
results of an investigation concerning the alleged inj to the US. 
feldspar industry by e eed of nepheline syenite from Canada to the 
United States at less than fair value, under the meaning of section 
201(a) of the Antidumping Act, 1921, as amended. It was decided 
that the U.S. industry was not being, and not likely to be, injured 
or prevented from being established by the importation. 

Similar investigations were undertaken for portland cement im- 
ported from Sweden, Belgium, and Portugal.'* In each case it was 
determined, in April, June, and October respectively, that the US 
industry within the competitive market areas concerned was being 
injured because of importation at less than fair value and the resulting 
loss of a substantial volume of sales by the domestic industry. 


TABLE 38.—Value of minerals and mineral products imported and exported by 
the United States, 1959-61, by commodity groups and commodities ! 


(Thousand dollars) 


Imports for consumption ? Exports of domestic 
merchandise ? 


Group and commodity 


Metals (crude): “ 


281-01 Iron ore and concentrates.... 33, 824 57,575 
282-01 Iron and steel scrap.......... 244, 579 
Ores of nonferrous motals 
and concentrates: 
283-07 | + +> Manganese............... 82, 262 78, 719 
283-11 | Tungsten 8, 478 1, 1, 251 
% tr 31, 104 I.. A PS 
283-0 |} Copper 229, 264 10, 6, 832 
283-08 | Chromium 24, 239 21, 320 
283-05 IEN ir 43, 666 34, 3 
283-03 Bauxite (aluminum ore) 
and concentrates 78, 065 88, 2, 588 
283-04)  Lead..................... 27,911 24, 168 
3283-19 | = Columblum.............. 8, 687 2 150 
283-02 | Nickel 2,2751 ^ AAA ENEE 
5283-19 a 
„ 3,611 167 
4283-19 CODE A A WEE NEES 1,313 
288-197 NMolybdenum 39. 843 


5283-19 IER eege 3, 097 


23401 Aluminum............... 26, 905 
Old and scra pper..... 054 6,292 31, 384 

Old brass an 
clippings............... € 52, 220 


Othe 
IIe aerem genge ies 3, 277 3, 804 6, 081 


sd —— — —— — — 


Total metals (erude) i 475, 195 


Metals (un wrought): (7 
681-01 Pig iron and sponge iron 5, 354 
681-02 Ferroalloys: 


19, 008 94, 385 
—— P 29, 7 2, 
Der 2, 390 1,870 1,369 ! 4, 


See footnotes at end of table, 
u Reports of injury cited in Federal Register, Doo, 61-3101, 61-5262, 61-10187, 


203 
5, 249 
4, 977 
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TABLE 38.—Value of minerals and mineral products imported and exported by 
the United States, 1959-61 by commodity groups and commodities Con. 


(Thousand dollars) 


Imports for consumption 3 Exports of domestic 
SITC merchandise 
No. Group and commodity 
1961 1959 1961 
Metals— Continued 
-01 CONDE aieo soe cU eu MORTO 117, 763 | 142,181 | 93,142 252, 262 
687-01 CCC 87, 854 205 1, 890 1, 264 
684-01 Aluminum 75, 808 91,187 | 53, 518 57,638 
683-01 Nickel (including scrap) 116,679 | 169. 831 — 
655-01 HAT , 646 27,569 | 2,841 11, 421 
685-01 Il! -- 70, 335 61, 441 610 
AA qund RAAKME 17, 093 14, 867 (8) 
689-01 Mercur 3, 510 
Other nonferrous base metals. 17, 592 15, 755 | 12, 787 23,172 
671-02 Platinum-group metals, in- 
cluding unworked and 
partly worked 2¹, 185 (9) 2, 563 (9) 
Total metals (un- 
wrought)............- 611,654 | 685,601 |175, 057 378, 548 
Total metals (crude 
and unwrought)...... 1, 502, 952 |1, 357, 403 |443, 855 960, 896 
Nonmetals (crude): 
Diamonds: 
1672-01 Gems, rough or uncut.... 88,060 | 116,077 607 1, 533 
127207 Industrial ea 51,727 68, 965 844 1, 822 
Total: la 139,787 | 185,042 | 1,451 3,355 
272-12 Asbestos, crude, washed or 
ground 63,345 | 58, 942 763 708 
27102 Sodium nitrate.........-...-. 11, 459 15,862 e EE, AA DE 
272-13 Mica, unmanufactured (in- 
cluding scrap) 7, 547 7, 410 126 142 
1272-14 rns 9292 s serte 14, 393 13, 644 69 30 
272-11 Stone for industrial uses, ex- 
cept dimension............. 9, 443 9, 555 641 731 
272-06 NO E 15, 457 17,173 | 42,000 36, 624 
271-03 Phosphates, natural, ground 
or unground................ 2, 754 2,629 | 28,602 36, 910 
272-04 C160 EEN 641 16, 705 | 13, 474 14, 285 
(19) Other nonmetals (except 
fue. APA 11 25, 912 27, 484 | 30, 686 38, 626 
Total nonmetals 
J 331, 191 11 290,738 | 354, 446 117. 812 131, 411 
Grand total............ 1, 863, 497 |! 1, 793, 690 |1, 711, 849 |561, 667 1, 078, 481 |1, 092, 307 


! Grouping of commodities is based upon Standard International Trade Classification (SIT'O) of the 
United Nations, Basic data were compiled by Office of the Chief Economist, Bureau of Mines, from copies 
of unpublished tabulations prepared by Bureau of the Census for the United Nations; tabulations represent 
a tentative converson of U.S. import and export classification to SITO categories. Some revisions in these 
data have been made by Office of the Chief Economist as far as possible to (1) include for various class! fica- 
tions latest revisions compiled by Mae B. Price and Elsie D. Page of Bureau of Mines, from records of 
U.s. Department of Commerce; (2) incorporate in all years shown changes in assignments of classifications 
to SITC cate cores made by Bureau of the Census; and (3) in a few instances make other changes in such 
assignments that would make the data more comparable or more In line with SITC, 

As could be expected, individual commoditics and groupings shown or omitted will not in all instances be 
in accord with usual Bureau of Mines practice as followed in individual commodity chapters in this Minerals 
Yearbook. In a few instances, values will differ from those for the same commodity in corresponding 
chapter because of reclassifications, exclusions, or other reasons usually explained by footnotes in chapter, 

? Includes items entered for immediate consumption, items withdrawn from bonded storage wareliouse 
for consumption, and ores, eto., smelted and refined under bond—included at time smelted or refined 
product is withdrawn for consumption or for export, 

3 Includes both mineral products of domestic origin and foreign mineral products that have been smelted, 
refined, manufactured, or otherwise processed in United States, 

* Excludes gold and silver, 

3 Part of SIT C category indicated is covered; remainder of category is covered elsewhere in major grouping. 

* Copper-base alloy scrap (new and old) including brass and bronze, 

7 Includes alloys, 

8 Exports, if any, are negligible and included with “Nonferrous metal scrap, other 284-01; (see Crude 
metallic minerals . 

* Information not available, 

39 Includes all SITC numbers 271-04; 272-01, 272-03, 272-05, 272-08, 272-15, 272-16, and 272-19; and those 
pests 3 numbers 672-01, 272-07 and 272-14 not shown separately above, 
vised figure. 


Source: U. S. Department of Commerce, Bureau of Census. 
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On October 2, in accordance with paragraph 1 of Executive Order 
10401, the Tariff Commission submitted to the President the second 
report on trade in unmanufactured lead and zinc since the escape 
clause" action of October 1, 1958. The Commission advised that 
no change be made in import quotas for these metals. Tariff rates 
for metals or minerals were not changed in 1961. 


During the year, the Office of Civil and Defense Mobilization and 
its successor, the Office of Emergency Planning, had no application 
under consideration from any nonfuel mineral industry under section 
8 of the Trade Agreements Act, the so-called national defense clause. 


RESEARCH AND DEVELOPMENT 


Sources of Funds.—Funds for the performance of research and 
development for all industries increased 46 percent from $6.5 billion 
in 1956 to $9.6 billion in 1959. Primary metals industries increased 
48 percent from $93 million in 1956 to $138 million in 1959. The 
stone, clay, and glass products industry gained 41 percent. The petro- 
leum refining and extracting industry increased only 21 percent. 

Federal funds, only 39 percent of the total research and develop- 
ment performance, or $1.4 billion, in 1953, increased fourfold to 
$5.6 billion in 1959, or 59 percent of the total. Most Federal research 
and development expenditures were devoted to defense and national 
security. Consequently, 86 percent of the total research and develop- 
ment funds for the aircraft and parts industry and 70 percent of 
research and development funds for the electrical equipment and 
communications industry were Federal in 1959. The Government 
contributed 11 percent of the total research and development funds 
in the primary metals industry, 9 percent in petroleum refining and 
extraction, and 3 percent in stone, clay, and glass products during 
1959. 

Bureau of Mines.—Bureau of Mines expenditures for research 
and development during fiscal year 1962 increased 6.8 percent over 
the previous years. During fiscal years 1960, 1961, and 1962, Bureau 
of Mines expenditures were 4.5, 5.0, and 4.6 percent of the total 
Federal expenditures for metallurgy and materials research as com- 
piled by National Science Foundation of $97.5, $94.1, and $109.7 
million, respectively. During the same years, the Department of 
Defense expended 76.5, 73.8, and 70.1 percent of the total, and the 
Atomic Energy Commission spent 17.3, 18.4, and 17.4 percent, 
respectively. In fiscal 1962, National Aeronautics and Space Ad- 
ministration (NASA) ranked third with 6.5 percent of the total 
Federal expenditure for metallurgy and materials research. 


Basic Research, Applied Research, and Development.—The re- 
search and development programs of industrial firms are directed 
toward research with specific application rather than basic research 
which adds to scientific knowledge without specific commercial 


u Detailed descriptions of Burcau’s metals and nonmetals research and development are available in the 
following articles which appeared in November and December 1961 and January 1962 issues of Mining 
Engineering and the Journal of Metals, prepared by the Bureau’s Division of Minerals, as follows: (1) The 
Mineral Research Program of the Bureau of Mines by Charles W. Merrill, (2) Bureau of Mines Metallurgical 
15 by II. G. Iverson, (3) Metals and Nonmetal Mining Research in Bureau of Mines by Thomas E. 

oward. 
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TABLE 40.—Bureau of Mines expenditures for mining and mineral research and 


development 
(Thousand dollars) 
Fiscal year Applied Basic Develop- Total 
research research ment 
O ea Dass we uaa ³ c 11. 862 2, 610 20. 281 
I)). ⁰ 14, 370 3. 600 ; 23. 985 
e d 14, 392 3, 602 i 24, 024 
I““. ⁵ 15. 320 3. 830 25. 536 
1962 A A O A A Ld ed 16, 372 4, 095 27, 289 


1 Estimated figure. 
Source: Budget Office, Bureau of Mines. 


relevance. The primary metals and stone, clay, and glass products 
industries devoted a comparatively small part of research and de- 
velopment funds toward basic research, with $7 million and $4 million, 
respectively, in 1959. Private basic research averaged only 4 percent 
of the total research and development performance in each year from 
1953 to 1959. Federal funds for basic research have been about 
three-fourths the annual volume of total basic research performance 
in the economy. From 1958 through 1961, the Bureau of Mines 
spent 15 percent in basic research, 60 percent in applied research, 
and 25 percent in development. 

Research and Development and Size of Company.—As reported 
by the National Science Foundation, research and development was 
concentrated in the largest companies. In 1959, 406 companies 
with 5,000 or more employees (3 percent of the total number with 
research and development programs) composed 86 percent of the value 
of total research and development. Companies with 5,000 or more 
employees in petroleum refining and extraction spent 93 percent, the 
largest primary metal companies spent 79 percent, and the largest 


TABLE 41.—Percentage of distribution of funds for the performance of basic 
research, applied research, and development, by industry, 1959 


Percentage of distribution 


Industry 
Basic | Applied | Develop- 
research | research ment 


Chemicals and allied products......................... 35 
Petroleum Ee and We ET EE 44 
Stone, clay, and glass products lll. lll... 6 62 
Primary e eege 5 56 
Primary ferrous products t 7 (1) 
Nonferrous and other metal products.............. 3 52 
Fabricated metal products: 1 68 
Machinery EE EE 3 84 
Electrical equipment and communication. 3 84 
Motor vehicles and other transportation equipment... 1 (1) 
Aircraft and Darts... nora os cues 1 88 
Professional and scientífic instruments 3 75 
All other manufacturing indlustrie a... eee 23 358 
Nonmanufacturing industries: 55 
0 P 76 


1 Not separately available but included in total. 
Includes some industries not separately available but included in total. 


Source: Natlonal Science Foundation, Funds for Rescarch and Development in Industry 1959, p. 25. 
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firms in the stone, clay, and glass products industry spent 77 percent 
of the total research and development funds for their respective 
industries. 

Scientific and Technical Personnel.—Mineral related industries, 
including fuels, employed 11.6 percent of the total scientists and engi- 
neers in all industries in January 1960. Stone, clay, and glass prod- 
ucts industries employed 1.3 percent of the total; primary metals 
industries employed 4.3 percent; the E refining and extrac- 
tion industry employed 6.0 percent of the total. 


TABLE 42.—Scientists and engineers, by function and industry, January 1960! 


Scientists and engineers primarily engaged in— 


All 
scientists 
Industry and Research Produc- 
engi- and adminis- | Explora- | tion and | All other 
neers |develop-|trationof| tion opera- | activities 


tions 


Number 

Chemicals and allied products. ........... 90, 7 31, 800 10, 500 400 27, 800 20, 100 
Petroleum products and estraction........ : 8, 100 6, 100 11, 200 16, 800 6, 400 
Stone, clay, and glass prod uets 10. 200 2, 500 1, 800 100 4, 800 1, 000 
rimary metal industries 35. 100 4, 900 5, 900 300 19, 400 4, 800 
Fabricated metal products...............- 38, 100 13, 000 5, 200 (3) 14, 800 4, 900 
Machinery (except electrical) 71, 400 22, 000 12, 500 100 23, 000 14, 000 
Electrical equipment 101, 400 54. 900 12, 100 500 19, 600 13, 900 
Aircraft and parts 101, 500 58, 800 9, 400 1) 28, 800 4, 500 
Professional and scientific instruments 26, 300 12, 100 3, 400 (3) 6, 700 4, 000 
Other manufacturing industries 84,300 | 27,500 | 13,100 100 | 238. 200 5, 500 
onmanufacturing industries 205, 200 21, 700 i 1,600 | 110,000 38, 800 
otal, all industries 812,700 | 257, 100 14,400 | 310,000 118, 000 


Chemicals and allied produets 100 85.1 30. 6 22.2 
Petroleum products and extraction 100 16. 6 34. 6 13.2 
Stone. clay, and glass products 100 24.5 46.6 9.8 
Primary metal industries 100 13.8 55. 2 13.5 
Fabricated metal products 100 34.1 39.0 12.8 
Machinery (except electrical) 100 30.7 32.3 19.5 
lectrical equipment 100 54.2 19.2 13.8 
Aircraft and parts 100 58.0 28.4 4.4 
Professional and scientific instruments... 100 45.9 25.5 15.2 
Other manufacturing industries 100 32. 6 45.3 6. 5 
Nonmanufacturing industries 100 10.6 §3.7 18.9 
Average, all industries 100 31.6 38.2 14.5 


! Totals and percents have been calculated on the basis of unrounded figures and therefore may not corre- 
spond exactly with those indicated by the rounded figures shown. 
3 Less than 50 cases. 


Source: National Science Foundation. Scientific and Technical Personnel in Industry 1960. P. 25. 


DEFENSE MOBILIZATION 


Defense Production Act.'*—The 86th Congress added $108 million 


to the $2,100 million borrowing authority of the Defense Production 
Act. Of this amount, $2,198,175,000 had been allocated by the Office 


1$ Executive Office of the President. Report on Borrowing Authority. Office of Civil and Defense Mobi- 
lization, December 31, 1961, pp. 6-13. 
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of Civil and Defense Mobilization in December 1961 to carry out the 
DPA programs, leaving $9,825,000 undistributed. The probable 
ultimate net cost of the Defense Production Act metals and minerals 
programs was $795 million. Adding custodial, U.S. Treasury interest, 
other administrative expense, and loss on disposal of assets, deprecia- 
tion, and other expenses not identified with specific commodities, this 
cost was $1,224 million. 


TABLE 43.—Summary of Government inventories of raw materials, at acquisition 
cost and at market value 


(Million dollars) 


Inventory, June 30, 1960 ! Inventory, June 30, 1961 2 


Excess Excess 
Total over Total over 
Type of acquisition stockpile stockpile 
objective objective 


Acquisi- | Market | Acquisi- | Acquisi- | Market | Acquisl- 
tion cost3| value‘ | tion cost | tion cost?! value‘ | tion cost 


National stockpile (Public Law 520): 


Stockpile grade 5, 834 6, 081 1, 886 5, 800 5, 679 1, 932 
Nonstockp ile materials 319 155 320 307 146 307 
Polls. its 6, 153 6, 236 2, 206 6, 107 5, 825 2, 239 
DPA inventory (Public Law 744): 
Stockpile gerade... 978 791 838 1, 090 840 850 
Nonstockpile materials 471 143 471 392 120 392 
ll IR 1, 449 934 1, 309 1, 482 960 1, 242 
Supplemental stockpile (Public Law 480): 
Stockpile Grade... 719 696 580 929 87 777 
Nonstock pile materials. .............. 35 28 36 22 20 22 
I... ³ĩV6W3W 75⁴ 724 616 951 898 799 
Commodity Credit Corporation inven- 
tory (Public Law 608): 
Stockpile Grade... ue eee ee 113 108 65 108 106 50 
Nonstockpilo materials 6 8 6 1 1 1 
J))... ]]]... 8 119 116 71 109 107 51 
Federal Facilities Corporation (Public 
Law 608); Stockpile grade tin 10 9 10 10 10 10 
Totals: 
Stockpilo grade 7, 654 7, 685 3, 379 7, 937 7, 513 3, 619 
Nonstockpile materials......... 831 334 833 72 287 722 
Total TN HE 8, 485 8,019 4, 212 8, 659 7, 799 4, 341 


! Joint Committee on Defense Production, 10th Ann. Rep. 8. Rept. 1, 87th Cong., 1st Sess., Jan. 9, 1961, 
p.31. Dec.31, 1960 dnta not available. 
? Joint Committeee on Defense Production, 11th Ann. Rep. S. Rept. 1, 87th Cong., 2nd Sess., Jan. 23, 1962, 


. 23. 

3 Acquisition cost of inventories includes open-market purchases at contract prices, intradepartmental 
transfers at market prices prevailing at time of transfer, transportation to first permanent storage location, 
beneficiating and processing costs, but does not cover cost of research, administrative and interest expenses, 
accessorial cost, storave, and handling. 

Because of mixed nature of individual commodities (types, quality, and grades) and lack of active trading 
in these materials, the market value of commodities not meeting stockpile specification and of inventory not 
having stockpile objectives was not calculated. 


National (Strategic) Stockpile Program." '*—Metals and minerals 
delivered to the national stockpile during 1961 amounted to $5.3 


1? Executive Office of the President, Stockpile Report to Congress. Office of Civil and Defense Mobiliza- 
tion, January-June 1961, pp. vi-9; July-December 1961, pp. vi-12. 

n nne Joint Committee on Defense Production, 11th Ann. Report, 87th Congress, 2d sess. January 1962, 
pp. 11-35. 
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million, of which $3.3 million helped fulfill stockpile objectives. 
Government cash commitments for delivery of materials exceeding 
maximum stockpile objectives were reduced $13.5 million, involving 
mainly cobalt, copper, and nickel. Deliveries yet to be made under 
existing contracts to the national stockpile on December 31 were 
$4.8 million, Phlogopite block mica was added to the stockpile group, 
and crocidolite asbestos was removed. 


TABLE 44.—National stockpile objectives and inventory 
(Value in million dollars at market prices) 


Objectives, in effect Applicable inventory, 
Dec. 31 31 


on hand Dec. 
Objectives 


Total objectives 
Excess over object ivesꝛeꝛꝛ 4 
Outstanding commitments. 2 ꝗ : 


Source: Executive Office of the President. Stockpile Report to the Congress. OC DM, July-December 
1960, p. vii; July-December 1961, p. vii. 


The reduction of stockpile planning from a 5-year to a 3-year 
period, which was the basis of procurement policy from 1946 to 1958, 
caused the surplus position of many inventories. In March 1962, 
the Office of Emergency Planning declassified data for national 
stockpile inventories as of December 31, 1961. The details are 
presented in table 44. 

Sales commitments for disposing of excess and offgrade materials 
from the strategic stockpile and the DPA inventory were about $51.5 
million, of which $35 million came from the strategic stockpile. Of 
71 draft stockpile disposal plans prepared by GSA, 11 required Con- 
5 approval, and 5 had received Congressional approval. 

he plans for disposal of nickel- cobalt calcines and matt were ap- 
proved on March 29, 1961. 

Office of Minerals Exploration (OME).?—Of 97 applications re- 
ceived by OME for exploration assistance in 1961, 8 contracts and 24 
amendments were completed. Government participation in the 8 
contracts was not to exceed $252,133. Commodities covered were 
mercury, lead-zinc, silver-lead-zinc, lead-silver, copper, copper-cobalt, 
lead-zinc-copper, and nickel in 7 States. Eight contracts were termi- 
nated, and two were cancelled. At the end of 1961, 16 contracts 
remained in force with a maximum Government participation of 
$1.2 million. 

_Two changes occurred in OME regulations: (1) On July 27, gold, 
silver, iron ore, bismuth, sulfur, and tellurium were added to the list 
of materials eligible for exploration assistance; (2) on September 21 
the E eligibility requirements were modified and clarified by 
amendment. 


P Department of the Interior. Office of Minerals Exploration Sixth and Seventh Semiannual Reports 
and 1961 Quarterly Reports of OM E. 
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The program of the Defense Minerals Exploration Administration 
(DMEA) which terminated June 30, 1958, was administered by OME. 
Only 2 of 1,159 completed DMEA contracts were in force and un- 
liquidated contract obligations atthe end of 1961 were $157,885. 
Since the inception of the program, 394 discoveries and developments 
had been certified. The recoverable mineral commodities found in 
DMEA projects had an estimated gross value of approximately $1 
billion at 1961 market prices. The net cost was about $30.8 million. 


TABLE 46.—Commodities delivered under U.S. Government purchase regulations! 


Quantity delivered Cumulation Total 


Commodity —————————————4 delivered | authorized 
as of Dec. purc 
1960 1961 1, 1961 
Public Lew 206, 83d Congress: 
Beryl ore short dry tons.. 233 310 8, 030 4. 500 
Mica 1 (hand- cobbed, mica or equivalent) 


short tons.. 2, 379 2,174 24, 032 25, 000 


1 General Services Administration. 9 of Purchases under Purchase Regulations, as of December 
31,1960, and December 31, 1961. Defense Materials Service. Only commodities listed for which purchases 
and/or deliveries were made during 1961. 

2 The Government terminated by June 30, 1960, all DP Acontracts for the procurement of foreign mica. 


Barter Program.” *—The value of barter contracts negotiated by 
the Commodity Credit Corporation (CCC) in 1961 was $163.5 
million; the principal minerals were bauxite (Jamaican and Surinam), 
industrial diamond, lead, and manganese ore (metallurgical grade). 
End of the year CCC inventory awaiting transfer to stockpile 
amounted to $59 million. There were no additions to the list of 
materials eligible for barter during 1961.22 


WORLD REVIEW " 


World Production.—United Nations index of world mining produc- 
tion (including fuels) increased to 139 compared with 136 in 1960 
(1953=100). The 2.2-percent increase was higher than the 0.8- 

ercent rise for the United States. North America—Canada and 

nited States—was the only area in the world where mining produc- 
tion declined; Latin America was unchanged, and Asia and acre 
increased by 5 and 7 points, respectively. The Organization for 
European Economic Cooperation (OEEC) index of mining production 
paralleled that of the United Nations. 

U.S. production and imports of principal minerals again were the 
major part of world supply, following closely the past historical 
trend. However, the U.S. total share of the supply of these 
commodities was slightly lower than in 1960. 


The Joint Committee on Defense Production. 11th Ann. Rept., 87th Cong., 2d sess., January 1962, 


. 19-40. 
PR; Published and unpublished records of U.8. Department of Agriculture, Commodity Stabilization 
Service, Barter and Stockpiling Division. 

2 For details, see USDA reports and announcements on barter contracts and exports. 

3 Excluding Sovlet-bloc countries. 
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TABLE 47.—Index of world metal-mining production 


(1953 == 100) 
Free North Latin Asia: East 
Year World America! | America? | and South- Europe t 
east 
LL EE § 124 122 130 113 127 
LEE 116 107 § 121 398 124 
IJ A IR E § 120 106 5127 5 100 § 122 
)J A 3136 124 3 154 3117 1134 
!!; ede ³¹¹ cee de eee cee 139 122 154 122 141 
First quarter 133 111 149 117 142 
Second quarter 139 1% 154 122 144 
Third quarter 141 130 157 126 133 
Fourth quarter . -. ll. 142 123 156 124 145 


1 Canada and the United States. 

3 Central and South America and Caribbean Islands. 

3 Afghanistan, Brunel, Burma, Ceylon, Singapore and the Federation of Malaya, Hong Kong, India, 
Indonesia, Iran, Japan, Republic of Korea, Pakistan, Philippines, Sarawak, China (Taiwan), Thailand, 
and the Republic of Viet-Nam. 

5 Albania, Bulgaria, Czechoslovakia, East Germany, Hungary, Poland, Rumania, and 

! Revised figure. 

¢ Preliminary. 

Source: United Nations Monthly Bulletin of Statistics. V. 16, May 1962, pp. 9-15, 


TABLE 48.—Index numbers of production in mining and quarrying, and produce 
tion in basic metal industries in selected OEEC countries 


(1953 = 100) 
All 

mem-| Eur- | Aus- | Bel- Ger- Nether-| Nor- | Swe- | Tur- | United 

Year ber | ope | tria |gium| France | many, | Greece | Italy| lands | way | den | key | King. 

coun- West dom 

Mining and quarrying 

1954...... 99 | 101 |! 110 97 103 104 123 110 100 101 91 101 
1955...... 1 105 | 1115 100 110 110 132 123 101 111 104 97 100 
1956...... 113 108 | 1 119 100 113 115 150 139 102 123 115 107 100 
1957...... 115 (1111 | 2 123 98 120 119 195 156 105 124 120 110 100 
1958......| 108 110 | ! 118 92 128 119 205 159 110 123 112 d 95 
1959...... 112 | ! 110 | ! 113 79 147 115 214 171 114 |! 119 110 3 93 
1960...... 115 | 1 115 | ! 114 79 168 LUS 6) 180 1120 | 1 130 128 90 
19601......| 122] 119; (3) 77 187 122 3) 194 14 | 127 | 139 | ( 89 


1 Revised figure. 
2 Data not available. 


aeri Organization for European Economic Cooperation (OEEC). General Statistics. March 1962, 


World Consumption.—The United Nations Commodity Survey 
reported world consumption of major minerals as mixed in 1961 in 
contrast to U.S. consumption. 1961 imports for consumption of iron 
ore by the six major steel producers in the free world—other than 
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TABLE 49.—Comparison of world and United States production and United States 
imports of principal metals and minerals, 1961 


World pro- Total U.S. | 1961 U.S. 
duction, U.S. pro- U.S. im- | production | total pro- 
Mineral thousand duction, | ports, per- | and im- duction 
short tons | percentage | centage of | ports, per- | and im- 
unless of world | world pro- | centage of | ports com- 
otherwise | production | duction | world pro- | pared with 
stated duction 1960 total 1 
Fuels: 
COll IS PRA AA A 2, 880, 338 15 (2) 15 | Less. 
Petroleum (crude)..thousand barrels..| 8, 187, 986 32 5 37 | More. 
Nonmetals: 
y O ee E O A 2,775 2 22 24 | Less. 
Sr thousand barrels..| 1, 997, 319 17 (2) 7 | More. 
Diamonds........... thousand carats.. 23:200 oem saa 40 40 Do. 
Feldspar . thousand long tons. 1. 500 33 2 35 | Less 
A AA éd e eus 2, 300 9 22 31 Do. 
JR ME NEC AAN TASA 43, 035 22 12 34 Do. 
Mica (including scrap) 
thousand pounds.. 355, 000 56 4 60 Do. 
Nitrogen, agricultural 2 „ 11, 570 26 13 39 | More 
Phosphate rock thousand long tons.. 43, 770 42 (2) 42 Do. 
Potash (K30 equivalent).............- 10, 500 26 2 28 Do. 
CC ——T—.— PARE AA 96, 400 27 1 28 Do. 
Sulfur, elemental..thousand long tons.. 11, 380 56 1 57 Do 
Metallic ores and concentrates: 
Bauxite.......... thousand long tons.. 29, 040 4 32 36 | Less. 
A AAA ER A 4,655 92 28 30 Do. 
Copper (content of ore and concen- 

1 AAA 4. 850 24 (3) 25 | More 
O. IB thousand long tons... 497, 610 14 5 19 | Less. 
Lead (content of ore and concentrate). - 2, 660 10 5 15 | More 
Mercury. ..thousand 76-pound flasks.. 240 13 5 18 | Less 
Molybdenum (content of ore and 

concentrate) thousand pounds 87, 900 76 (7) 76 Do. 
Nickel (content of ore and concentrate). 396 3 32 35 | More 
Platinum group (Pt, Pd, etc.). 

thousand troy ounces...............- 1, 190 4 48 52 Do. 
Coa AIMAR AAN a E: Oe 231, 800 15 15 30 | Less, 
Titanium concentrates: 

CO ra EECH 2,313 34 8 42 Do. 
irel Dee Dd pu al Ad 128 7 21 28 Do. 
Tungsten concentrate (60 percent 

.. ees TA LORS... 74, 200 11 (2) 11 | More. 
Vanadium (content of ore and con- 

. navi s x short tons.. 8, 650 62 (7) 62 Do. 
Zinc (content of ore and concentrate)... 3, 720 12 10 22 Do. 

Metals, smelter basis: 
ANDER, . 5, 195 37 1 38 | Less 
Cc 5, 060 24 7 31 | More 
Iron, pig (including ferroalloys)........ 289, 350 23 (2) 23 | Less. 
Id ee uU DU ea 2, 660 17 9 26 | More 
A A NL AAN 115 35 1 36 Do 
Steel ingots and castings............... 392, 400 25 1 26 | Less. 

EE EE E DE S 190 85 21 26 Do. 
Uranium oxide (U301) *....short tons.. 35, R50 49 ? 36 85 Do. 

3, 550 24 4 28 | More. 


RT ER er, PERO datas | 


SIDA on 1960 imports and production for the United States is available in the 1960 Minerals Yearbook, 


3 Less than 1 percent. 

3 Including Puerto Ríco. 

World total exclusive of U. S. S. R. 

§ Year ended June 30 of the year stated (United Nations). 

: Da E Government only; excludes quantity consumed by American Chrome Company. 
ot imported. 

$ U.S. imports of tin concentrates (tin content). 

* Percentage derived from data in the Atomic Energy Commission Annual Report, January 1962. 


France, which is a net exporter of iron ore—decreased. The United 
States was responsible for most of the decline. Elsewhere, increases 
in imports into Japan and West Germany were not enough to offset 
reduced imports into Belgium, Canada, and the United Kingdom. 
Free-world consumption of aluminum was higher than in 1960. 
The United States was primarily responsible for the increase. Free 
world consumption of copper was slightly lower than in 1960. The 
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U.S. consumption increased sharply; that of Western Europe and 
Japan decreased. Consumption outside the United States was gen- 
erally less. 


TABLE 50.—Apparent consumption of primary nonferrous metals—copper, lead, 
aluminum, zinc, and tin—in selected countries 


Copper Lead Aluminum 


Thou- | Index (cor- | Thou- | Index (cor- | Thou- | Index (cor- 
sand responding sand responding sand responding 
metric period of metric period of metric period of 


Country tons preceding tons preceding tons preceding 
year = 100) year = 100) year = 100) 
1961, 1961, 
1959 | 1960 | first 9 1959 | 1960 | 1961 1959 | 1960 | first 9 
months months 
United States. 1. 327. 2 92 104 | 872.3 93 100 |1, 845. 0 84 111 
United Kingdom................- 486.5 | 115 95 | 257.0 | 111 96 | 293.5 | 123 77 
Germany, West 445.7 | 116 115 | 210.8 | 114 98 | 228.5 | 133 99 
Francë. A IS 188. 1 128 103 159. 1 104 99 167.8 127 94 
f 61. 5 124 102 42. 8 108 100 49. 3 130 104 
/ ³ AA ee 140. 0 132 112 63. 0 124 108 86. 0 115 104 
„„ A 78.7 117 101 37.5 117 101 30.5 121 90 
/ ⁵³˙˙.ꝛiꝛA ⅛ m 86 117. 8 9 117 41.1 89 126 80. 5 129 
JJ tel A 219.9 136 1123 71.2 134 135 112.6 134 2) 
A k K 53.9 | 116 107 | 280.0 88 107 22.9 | 107 (2) 
World 2 3,481.0 | 108 107 |2, 129.0 | 102 103 3, 184.9 | 100 103 
Zinc Tin 
Thousand | Index (correspond- | Thousand | Index (correspond- 
metric ing period of pre- metric ing period of pre- 
tons ceding year = 100) tons ceding year = 100) 
1959 1960 1961, pre- 1959 1960 1961 
liminary 
United States 862. 7 92 104 49. 5 114 86 
United Kingdom 251.6 110 21.7 107 94 
Germany, West 264. 6 112 103 7. 7 165 129 
FFF ¾ v ! 170. 5 101 109 11.1 107 97 
Belzlum ooo 96. 5 108 110 42.4 4 121 4 86 
/// 88 68. 0 125 106 4.1 110 133 
„% ENEE 24.6 125 88 (3) (3) (?) 
S Sows 62.0 82 109 4.3 100 100 
E f o ˙ A er 154. 4 122 126 11.8 131 107 
¡A 47.5 131 113 4.4 93 97 
World /. 2, 326. 0 104 105 158. 0 115 100 


! Based on 6 months’ data. 
2Not available. 


3 Etciuding the central planning countries. 
4 Belgium and Luxembourg. 


Source: United Nations. Commodity Survey, 1961. April 1962, pp. 13-48. 


World consumption of lead and zinc again increased. Western 
European consumption lagged slightly behind the United States, but 
consumption in Japan and Latin America increased sharply. World 
consumption of tin remained unchanged from 1960. The gain of 
Western European, Japanese, and Latin American consumption off- 
set a substantial decline in U.S. consumption. 
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World Stocks.*—Free-world stocks generally increased again. 
Copper, lead, zinc, and sulfur stocks all increased moderately, but 
stocks of tin and iron ores declined. 

An appreciable proportion of the free-world output of nonferrous 
metals in the 1950’s went into various government stockpiles. Stra- 
tegic stockpiles had been built and with the expansion in industry, 
consumer stocks had expanded and refilled. By the end of the decade 
when both governmental and consumer stocks had virtually ceased 
to increase, available production capacity was well above commercial 
requirements. 

About 6 percent of the total 1950 through 1959 production of the 
free world’s major nonferrous metals went into U.S. noncommercial 
stocks. The proportion of U.S. Government holdings as percentage 
of aggregate sord production during 1950 through 1959 was as fol- 
lows: Aluminum, 7.5 Po copper, 3.2 percent; lead, 6.3 percent; 
zinc, 6.7 percent; and tin, 20.0 percent. 

Since 1958, most stockpile objectives had been evaluated and 
lowered in line with changing assessments of defense needs. In 
several countries, government-held stocks were liquidated or greatly 
reduced. But at the end of 1961, U.S. official holdinga of major non- 
ferrous metals were still large. Copper holdings represented about 
3 months’ world output in 1960; aluminum and lead holdings, about 
6 months’; zinc, about 7 months’; and tin, well over 2 years. The 
proportions of these U.S. surplus stockpile materials in relation to 
total 1960 free-world output were approximately as follows: Aluminum, 
2 months; copper, 11 days; lead, 5% months; zinc, 6% months; and tin, 
13 months. 

World Prices.—Prices of metal ores remained unchanged from 
1960, whereas the prices of total mineral and primary commodities 
declined slightly. Prices of metal ores and minerals were increasing 
in the second half of the year. Prices of nonferrous base metals de- 
clined in 1961. Zinc led the decline, followed closely by lead, and 
further down by copper, with no change in aluminum and an increase 
in tin. 

Nonferrous base metals” price indexes [(1960=100)*were as 
follows in 1961: 


Metals: Index (1960=100) 
AIWMMINUM ße ß EE E 100 
EE 94 

))))» ⁵ĩV EECHER 87 
I.... — "P ES———— E IHR 85 
Ü ]½.ͥũũ ³ . x 111 

Aggregate ̃ll.l.l.l....l.l..„ 8 98 


Ocean Freight Rates. Indexes of ocean freight rates again in- 
creased across the board. However, these indexes were still low 
compared with those of the 5 years preceding 1958. 

34 United Nations. Commodity Survey, 1961. 


. United Nations, Commodity Survey, 1961, Supplement in Nonagricultural Commodities, 
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TABLE 51.—World trade price and freight-rate indexes 


(1953 =100) 
Price indexes Trip charter freight-rate 
indexes ! 
Year 
Primary Total Metal | General 
eo minerals ores cargo Ore Fertilizers 
es 

//Cͤͤ ³ ss ot tees 102 114 107 145 138 131 
E EE EE 96 108 100 87 90 83 
1059 A EEN 94 2102 99 93 90 75 
DO sd ace ³ K 94 2 100 101 96 92 80 
A A AN 92 99 101 102 93 87 

First quarter 92 99 98 100 95 

Second quarter 93 99 101 104 92 96 

Third quarter..................... 92 100 102 103 89 87 

Fourth quarter. 91 100 102 102 95 83 


1 United Kingdom indexes based upon weighted average of quotations by all nations on routes important 
to United Kingdom tramp fleet in 1951, 
2 Revised figure. 


Source: United Nations, Monthly Bulletin of Statistics, March 1962, special tables A and O. 
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Review of Metallurgical Technology 


By Rollien R. Wells? and Earl T. Hayes ? 


SEED seldom sprouts, grows, flowers, and bears fruit within 
A one season. So 1t is with ideas. Usually it takes several years 

sometimes decades, for an idea to be born, tested, developed, and 
adapted into a process or fabrication method. Therefore, the devel- 
opment of technical advancements often cannot be ascribed to a par- 
ticular year. 

Given the limited perspective of months, it is impossible to relate all 
the results of research and engineering investigations of 1961 that pos- 
sibly may 5 into technical “breakthroughs.” Moreover, the sig- 
nificant details of processes and techniques that have been accepted for 
commercial practice have been described adequately in the current lit- 
erature and need no further discussion here. This paper, therefore, 
reviews research accomplishments, presents brief operating notes, and 
points up poran problems of the mineral industries. Included are 
significant changes and general trends noted during recent years. 
These all have been woven together in an effort to establish a pattern 
of current minerals and metals technology. 

Probably the most outstanding scientific accomplishment of 1961 
can be summarized with four names: Gagarin, Titov, Shepard, and 
Grissom. Certainly the year marked the beginning of the man-in- 
space era, and, in effect, marked the coming of age of those materials 
that make space flights possible. 

Titanium, for example, demonstrated its reliability as an aerospace 
metal in its use as the basic structural material of the Mercury cap- 
sule, America’ spaceman vehicle. Chosen for its light weight, ease 
of fabrication, and ability to retain strength and rigidity at high tem- 
peratures, titanium gave excellent performance. The capsule was de- 
signed to withstand 20 G’s and high-temperature stiffness was a must. 
During the launch phase, the all-titanium adapter section reaches 
600° F. The titanium stringers approach a like temperature, and even 
the inner skin becomes as hot as 200° F. Project Mercury also gave 
a dramatic answer to a question that has plagued some metallurgists 
for years—the reliability of titanium welding. The original Mercury 
capsule and the succeeding 20 production capsules each contained 
45,000 inches of welding that had to be reliable. 

Beryllium was used 1n heat shielding “shingles” fastened to the out- 
side of the Mercury capsule. This metal has about the same weight 


2 Assistant chief metallurgist. 
2 Chief metallurgist, 
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as magnesium, the strength of mild steel, and a stiffness factor greater 
than that of any other metal. Potentially it has many uses as a light- 
weight construction material in almost anything that flies. Restrict- 
ing use, however, have been lack of ductility, indefinite knowledge of 
substantial resources, and high cost of processing and fabrication. Re- 
cently, it has been definitely established that when beryllium is suf- 
ficiently purified it has a degree of ductility not found in the ordinary 
commercial metal. Pieces of beryllium 114 inches in diameter and a 
foot long have been zone-refined and rolled with success. Investi- 
gations are continuing to determine if polycrystalline beryllium will be 
as plastic. The recently developed domestic deposits of beryllium- 
bearing material, coupled with the development of new processes such 
as that of Mineral Concentrates and Chemical Co., Inc., in Colorado, 
tend to relieve the worries about future resources. The cost of end- 
use items, however, is still high. About 70 percent of the cost is in fab- 
rication, which stays expensive because of the difficulty of working 
brittle metal and the fact that most scrap is not reworked. 

Steel, which has been overshadowed for several years by the more 
exotic metals, has started a comeback, especially in the field of ultra- 
high strength. In the last decade improvements in aircraft design and 
production of higher quality steels have increased the ultimate 
strength of steel from 180,000 to 260,000 psi. In the past 3 years this 
has been pushed to over 300,000 psi in small plant lots. Extrapo- 
lated strength levels of 425,000 psi for conventional material have been 
reported in the laboratory. This has been accomplished by increasing 
the carbon content from 0.40 percent in the current ultrahigh-strengt 
steels to about 0.60 percent and by adding 8 to 11 percent alloyin 
elements. These strength increases are obtained at the expense of suc 
properties as ductility and notch hardness, which vary inversely with 
strength for all steels. Vacuum melting has helped alleviate this prob- 
lem by providing 25 to 50 percent improvement in longitudinal duc- 
tility and impact strength and up to 300 percent improvement in trans- 
verse ductility of larger sections. 

Two new columbium alloys were announced by E. 1. du Pont de 
Nemours & Co., Inc., during the year. One, containing 5 percent 
zirconium, had a strength of 75,000 psi at room temperature, 30,000 

si at 2,000? F., and 12,000 psi at 2,500? F. The second alloy (10 
Iri-5 Zr-balance Cb) was considerably stronger at room temperature 
with a tensile strength of 80,000 psi, but maintained only 23,000 psi 
at 2,000 F. Such alloys would be intended for use on reentry ve- 
hicles to combat the extreme temperature rises encountered. 

Explosive forming, also known as high-energy forming, can now 
be said to be established as a production method. Basically, the 
system uses shock waves or energy generated by the discharge of an 
explosive and transmitted by a fluid or semifluid medium to shape the 
metal part. 'This technique is employed primarily for special form- 
ing in the aircraft industries, but has been used for materials ranging 
from very soft to almost brittle. Its principal advantage lies in the 
fact that relatively inexpensive dies can be used and that there is no 
spring back after deformation. The disadvantage is that the method 

oes not lend itself to high production rates or to the fabrication of 
large quantities of any one object. One interesting application of 
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the process was made by the Martin Co. of Baltimore, Md., in the 
construction of a scale model of torus tank. By simplifying the fab- 
rication of large parts by explosive forming, the number of com- 
ponents was reduced from 40 to 12, with a consequent reduction in 
welding of almost 50 percent. 

. Process known as “dirty plating” received considerable attention 
during the year. The process consists of stirring a finely divided 
nonmetallic compound such as aluminum oxide in a normal plating 
solution and codepositing to form a composite material with a metal- 
ne matrix and nonmetallic inclusions. Several combinations of ox- 
ides, borides, nitrides, and carbides have been codeposited success- 
fully, mostly with nickel or chromium metal. The coatings have 

hown promise in combating abrasion and wear and of having supe- 
nor oxidation resistance. The most favorable results showed that a 
graphite rocket nozzle protected by one of these coatings would op- 
erate up to 1 minute at simulated firing conditions of about 4,000? F. 
Unprotected. graphite failed in one-tenth that time. 

Wo research developments in physics may have significant conse- 
quences for the metallurgist. Bell elephone Laboratories made an 
Optical maser that produces a continuous coherent beam of infrared 
light. The new instrument promises to have revolutionary effects 
in communications. Several groups have been investigating the pos- 
sibility of producing superconducting electromagnets for use in mak- 
ing better particle-accelerating machines and for study of the pr 
erties of materials. A definite contribution was made by J. K. Hulm 
of Westinghouse Electric Corp. with his columbium-zirconium mag- 
net that produced a field of 43,000 oersteds and operated from only the 
local laboratory electricity supply. Bell Telephone Laboratories per- 
fected a wire that continues to be superconducting in fields as large 
as 88,000 oersteds. 

The mineral-producing industry for the past several years has been 
faced with the triple threat of processing ores that are increasingly 
lower in grade and more complex, spiraling costs, and the pressure 
of foreign competition. To meet these problems, much attention has 

n given to research and engineering investigations conducted to 
develop methods of shaving pennies from production costs and im- 
proving performance. The results of these studies are beginning to 

seen in concentration plants built or remodeled in the last 2 years. 

To keep pace with the increased tonnages being treated, there is a 
definite trend to larger and larger crushing and grinding units. Pri- 
mary gyratory crushers with 54- to 60-inch feed openings are not 
unusual. Enlargement of secondary and tertiary units reflects the 
trend; a 10-foot-diameter cone crusher was announced recently. Rod 
milling often is employed to bridge the gap between crushing and ball 
milling and sometimes completely replaces the tertiary crushing step. 
Interest in larger grinding mills has continued. The 121%- by 16-foot 
ball mills and rod mills installed at The International Nickel Com- 
pany of Canada, Ltd., Thompson project near Moak Lake, Manitoba, 

anada, and at the Duval Sulphur & Potash Co. Esperanza concen- 
trator near Tuscon, Ariz., are reported to be performing satisfactorily. 


Mills 1014 by 13 feet or 10 by 14 feet are common in other recent 
installations. 
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Autogenous grinding has received renewed attention in late years, 
and several new mining ventures are reportedly giving it serious con- 
sideration. Although most activity has resulted from testing specular 
hematite ores, some authorities predict that it will find even wider 
use for processing sulfide ores. Two major advantages are claimed: 
Ability to reduce run-of-mine ore to finished grind in one stage, and 
ability to approach grain boundary comminution, the ultimate of min- 
eral liberation. Quebec Cartier Mining Co. is operating twelve 18- 
foot-diameter Cascade-type mills in its Lac Jeannine iron ore plant 
prior to spirial concentration. Two other large potential iron pro- 
ducers in northeast Canada have been experimenting with the mehed 
on a pilot-plant scale. The Vassbo concentrator in Sweden is using 
a 22- by T-foot mill to grind lead ore. 

Cyclones are generally accepted for the role of classification. They 
are used extensively to replace or supplement mechanical classifiers 
and are employed almost exclusively in middling regrind circuits. A 
recent trend is their use to handle extremely large circulating loads in 
oe circuits; up to 1,000 percent returning loads have been 
reported. 

General acceptance of the practice of regrinding middling products 
before final cleaning is in itself a relatively recent development and 
has improved the recovery at several installations. In line with the 
same effort to “get out the last drop,” more and more attention is be- 
ing given to byproduct 5 ne case in point is the application 
of cyanidation by San Manuel Copper Corp., for recovery of gold 
from molybdenum concentrate. Several groups have investigated the 
recovery of germanium, and one African company is reported to be 
employing magnetic separation for its removal from copper concen- 
trate. Another African company recovers germanium from sulfide 
concentrates by a roast-leach method. 

Significant in the new and remodeled plants has been the adoption 
of instrumentation and automation for control of segments of the 
beneficiation process, Although the primary aim of automatic con- 
trol is to conserve manpower, most of the new plants report additional 
benefits in product uniformity and lower maintenance costs. 

True automation implies use of sensing and control devices inte- 

ated by means of feedback systems and a computer control center. 
Such a system has been approached most closely by the segments of the 
minerals industry where process variables are relatively uncompli- 
cated and where materials handling is an exceptionally large part of 
the total operation. Such operations as cement manufacture and coal 
washing are included in this category. Among the companies report- 
ing reasonable success at incorporation of direct control of unit oper- 
ations into centralized or electronic computer centers are Dundee Ce- 
ment Co., Dundee, Mich., California Portland Cement Co., Mojave, 
Ariz., and Ideal Cement Co., Ada, Okla. 

Modern design and instrumentation were successfully combined 
by Mountaineer Coal Co., Leaverage, W.Va., in constructing a plant to 
process raw coal from the Pittsburgh seam into a uniform product 
containing less than 7 percent ash and 3 percent total moisture. From 
the feeders (automatically controlled by a belt weigher) to the final 
dryers (controlled by exhaust temperature), the entire system was de- 
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signed to make the most efficient arrangement of conventional equip- 
ment coupled with maximum use of remote and automatic control. 
The t has been a 1,500-ton-per-day-capacity mill that employs 
only four operators from mine to finished product. 

he sintering operation for processing iron ore concentrates lends 
itself readily to automatic control and 1s being accepted generally. 
Also, computers have been used widely to determine the optimum 
conditions for blast furnace operations. 

In the field of nonferrous minerals, automation and computer con- 
trol have grown at a slower rate. This has been primarily because 
of a lack of suitable sensing devices for 5 process variables. 
The problem, therefore, involves creating or tailoring instruments 
and controls for each particular situation. Appreciable strides have 
been made in this direction, however. Navel techniques, such as 

amma ray absorption measurement to determine pulp density and 

-ray fluorescence for continuous analysis of mill products, have been 
developed to a high degree of efficiency. 

Probably the most fully automatic nonferrous mill constructed to 
date is Duval’s Esperanza copper concentrator. A three-stage crush- 
ing circuit embodies control of feed rate to each crusher to effect op- 
eration at optimum capacity and delivery of desired product size from 
the tertiary unit. Feed to the wet grinding circuit is controlled 
manually, but instrument control of water and lime additions main- 
tains desired pulp density and alkalinity. 

Further, the pulp level in the flotation cells is controlled automat- 
ically, and addition of reagents is regulated and recorded by instru- 
ment. The copper flotation concentrate is treated in an instrument 
controlled steaming operation to depress minerals other than molybde- 
nite, and the cleaned molybdenite concentrate is prepared for ship- 
ment with automatic weighing and packaging facilities. 

The Mission copper mill near Sahuarita, Ariz., recently completed 
by American Smelting and Refining Company, includes centralized 
and automatic control of several of the unit operations. Similarly, 
the new Viburnum lead concentrator of St. Joseph Lead Co., in south- 
eastern Missouri, also embodies continuous recorders for feed rate, 
recirculation load, and pulp density, central panel control of flotation 
circuits, and automatic weighing devices. The enlarged and modern- 
ized plant of Ray Mines Division, Kennecott Copper Corp., at Hayden, 
Ariz., features panelboard control of crushing, flotation, and leaching 
operations, and radiation-absorption regulation of the density 
of thickener underflow. None of the above, however, is a totally in- 
tegrated automatic concentrator. The unsolved problems concern- 
ing the relationship of dependent variables retard full automation. 
The most optimistic of the prognosticators, however, predict realiza- 
tion of such a “dream mill” by 1970. 

In the iron and steel industry major effort continues for the purpose 
of increasing blast furnace capacity. The record has been good. In 
20 years the annual average capacity of a blast furnace has been 
boosted 53 percent. Since 1947 the requirements of iron ore and coal 
to make a ton of pig iron have been reduced about 13 percent; lime- 
stone needed has dropped more than 50 percent; scrap requirements 
have remained fairly constant. Current investigations both here 
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and in the U.S.S.R. are being directed to studies of the effect of sup- 
lementary fuels added at the tuyeres and the use of oxygen-enriched 
last. ës stantial coke savings and production increases have been 
reported. 
he largest contributing factor to date for increased capacity and 
decreased raw materia] consumption has been the progress made in 
force feeding the blast furnace a richer diet of iron units in the form 
of upgraded ore or pelletized concentrates. This advance, however, 
was not accomplished without introducing new problems, as E. H. 
Rose pointed out in a much-talked-about article printed in two jour- 
nals of the American Institute of Mining, Metallurgical, and Petrole- 
um Engineers, Inc. (AIME).* 

Certain iron ores which qualified as commercial shipping ores only 
a few years ago are no longer marketable. Also, operators have found 
that with a high-grade burden in the blast furnace there is a prob- 
lem of maintaining sufficient slag volume to scavenge the sulfur in- 
troduced by the coke, about 60 percent of which reports in the finished 
metal. This may place a limit on the capacity of furnaces unless 
methods are devoloped to further eliminate sulfur during the coking 
operation. Another problem has arisen in the pelletizing operation. 
The methods now in use have been developed primarily to utilize the 
minus 200-mesh concentrate obtained by treating low-grade magnetif- 
erous taconites. These methods are not readily adaptable to concen- 
trates from some of the new ore discoveries, notably those in Labrador. 
These latter, specular hematite ores, can be beneficiated at a relatively 
coarse 28-mesh grind. Thus, the operators are faced with the prob- 
lem of expensive regrinding of the concentrates to minus 200-mesh for 
pelletizing or of developing a method of agglomerating coarse-grained 
material that will yield a pellet with acceptable green strength before 
heat treating. In any event, they will not have the 28-percent bonus of 
energy supplied by the exothermic reaction of magnetite transform- 
ing to hematite. 

Inen is still evident in so-called direct reduction processes. An- 
nouncements were made during 1961 of the intention to use the much- 
publicized Strategic-Udy process commercially at Anaconda, Mont., 
and at two new Canadian plants. The Krupp-Renn process is being 
given a new look as a possibility for intermediate-grade Minnesota 
ores. One new technique was announced. The Allis-Chalmers Manu- 
facturing Co. agglomeration-reduction process (ACAR), still in de- 
velopment, shows promise for treating high-grade pellets to yield a 
product suitable for electric furnace or cupola melting. Basically the 
ACAR system is two concentric kilns. Passing concurrently with pel- 
letized feed through the inner kiln, fuel gas is reformed to an atmos- 
phere consisting primarily of hydrogen and carbon monoxide. In this 
atmosphere 90 to 95 percent of the iron oxide is reduced to metallic 
iron. The unused gas proceeds to the annular section between the two 
shells us is burned to hold the reduction zone at a temperature of 
1,900? F. 

The use of “tonnage oxygen” to supplement air in the oxidation 
process in steelmaking is growing in popularity. About 20 million 


* Rose, E. H., Iron Ore; The Big Picture; Min. Eng., v. 18, No. 9, September 1961, 
pp. 1052-1058 ; J. Metals, v. 18, No. 11, November 1961, pp. 814-819. 
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tons of steel was produced in 1961 by one of the various techniques 
based on this principle. This, too, has introduced a new problem. 
The vigorous reaction caused by oxygen on the molten bath creates 
extremely fine iron oxide dust which bring equally vigorous protests 
from neighboring communities unless adequate and expensive provi- 
sion is made for trapping it. The city of Buffalo, N.Y., for example, 
has refused to put up with the red smoke nuisance even for a period of 
testing by Republic Steel Corp. As a result, Republic has abandoned 
the idea of oxygen steel processing rather than gamble that the in- 
creased capacity will justify the cost of a precipitator system. 

The use of oxygen is increasing in other phases of production metal- 
lurgy. United States Steel Corp. is using oxygen to make ferroman- 
ees Using oxygen-enriched air in its fluidized roasters at the Riz- 

on Works, Electrolytic Zinc Co. of Australasia, Ltd., has reduced 
the sulfite content of its calcine while maintaining a high rate of oxi- 
dation. The technique has resulted in v ae ais fuel economy, high 
zinc solubility, and low iron solubility in the furnaces. At the Con- 
solidated Mining & Smelting Co. of Canada, Ltd., Trail, British Co- 
lumbia, 1,200 to 1,400 cubic feet of oem is added daily to the 12,000 
cubic feet of air feeding two lead blast furnaces. The company re- 
ported that the oxygen-enriched blast has increased capacity about 25 
percent. 

Renewed interest is being shown in hydraulic transportation of 
solids. The method has been used successfully in Florida since the 
early 1940’s to transport phosphate rock matrix for relatively short 
distances—rarely exceeding 5 miles. Abundance of water, fiat ter- 
rain, and beneficiation of the matrix by agitation while being pumped 
have been contributing factors to acceptability of this method. Pipe- 
lines generally in use today are 14 and 16 inches in diameter, with 
one as large as 20 inches. 

Long-distance hydraulic transportation, although generally con- 
sidered to hold promise of great economic benefits, has not been 
adopted on a broad scale, and until 1961 only two major long-distance 
solids pipelines were operating in the United States. Since 1957, a 
12-mile-long, 6-inch-diameter pipeline of American Gilsonite Co. has 
been satisfactorily transporting 700 tons of gilsonite per day from 
the mine at Bonanza, Utah, to the processing plant at Grand Junc- 
tion, Colo. Similarly, a 108-mile-long, 10-inch-diameter pipeline of 
Pittsburgh Consolidation Coal Co. has been used since January 1958 
to transport 4,000 tons of finely crushed coal per day from the mine 
at Cadiz, Ohio, to a power plant at Cleveland. 

Recently, the Anaconda Reduction Works of The Anaconda Com- 
pany, Anaconda, Mont., has been conducting tests with a 16-inch-di- 
ameter pipeline designed to transport 20,000 tons of deslimed flotation 
tailings per day for morethan 7 miles. The material is to be used for 
fill in a tailings dam construction project. At Anaconda’s El Salva- 
dor project in Chile a 6-inch pipeline has been used since 1959 to 
transport 1,000 tons of copper concentrate per day for 14 miles, en- 
tirely by gravity, to the railroad for subsequent haulage to the smelter 
at Potrerillos. It is planned to extend the pipeline an additional 60 
miles to the smelter. Tests indicate that the pipe will handle up to 
2,000 tons of concentrate per day at a pulp density of 40 to 60 percent 
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solids. At another South American copper development, proposed 
treatment plans include transportation of 10,000 tons of ground ore 
daily from mine to concentrator by a 14-inch gravity pipeline and 
transportation of the mill concentrate 35 miles by a 4-1nch gravity 
pipeline . Other contemplated installations of hydraulic transpor- 
tation include a proposed 24-inch line to move coal 350 miles from 
West Virginia to the New York City area. This project has been 
moved nearer reality by the recent demonstration by The Babcock 
& Wilcox Co. that coal slurry can be burned directly in a modified cy- 
clone burner. This development eliminates, at a saving of 60 cents 
per ton, the dewatering step now necessary before burning slurry. 

The general belief that worldwide demands for fertilizer will con- 
tinue to surge sharply upward during the foreseeable future has 
spurred a tremendous increase in potash, phosphate rock, and nitrogen 
production. Phosphate fertilizers, for example, are expected to rise 
from the present 15 million tons per year to 18 million tons by 1970. 
Similarly, annual potash fertilizer production is expected to climb 
from 2 million tons to 3 million tons in the same period. The eco- 
nomics of the fertilizer industry is linked closely to the cost of distri- 
bution. A decrease in production costs can be directly translated into 
the number of extra miles that the product can be shipped and mar- 
keted. Recently, the battle to break through the distance barrier has 
included manufacture of products of high nutrient content. There 
is, for example, an increasing output of liquid fertilizers derived from 
super 5 acid made from elemental phosphorous, as well as 
such highly concentrated products as diammonium phosphate and 
ammonium polyphosphate. 

The basic fertilizer producers are trying other approaches, too, for 
keeping production costs at a minimum. There is a definite trend 
toward integration of production and marketing; more and more 
production firms have been corporatively wedded to bulk mixing op- 
erations and distribution outlets. Other producers have entered 4 5 
direct distribution field by packaging and selling complete plant- food 
products such as the phosphate-nitrogen-potash mixtures. In addi- 
tion, there is a significant use of new and better materials-handling 
techniques, including the sale of fertilizer to farmers by the truck- 
load in bulk rather than in the more expensive bagged lots. Techno- 
logical improvements have included development of methods for 
5 control of various nutrient components, thus allowin 

ry blending rather than chemical compounding of concentra 
fertilizers. 

A new route to copper production, bypassing smelting, has been 
announced for a proposed plant on Mindatiae island in the Philip- 
pines. The unit will use a high-pressure ammonia leach and hydrogen 
reduction method similar to that developed for copper-nickel-cobalt 
ore by Sherritt Gordon Mines, Ltd., at Fort Saskatchewan, Albert 
Canada. In addition, a technique developed by E. W. Bliss Co. wi 
be used to press and roll the copper powder directly into strip, wire, 
tubing, and sheet. The plant is expected to produce 14,000 tons of 
copper, 500 tons of zinc, and 100,000 tons of ammonium sulfate 
annually. 
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Several reasons are given for not selecting the conventional smelter, 
electrolytic refinery, and fabrication route. First, capita] investment 
is purported to be much lower. Also, the conventional process is not 
economic for such limited tonnage. In addition, the zinc-rich por- 
tion of much of the feed is amenable to leaching but not to smelting. 
Finally, the new method produces byproduct ammonium sulfate whic 
1S tly needed in the Phillippines or fertilizer. 

other copper reduction process has proven to be feasible on a 
commercial scale. Research by the Bureau of Mines has demonstrated 
that the segregation process has promise for treating oxidized and 
mixed oxide-sulfide copper ores regardless of gangue constituents 
present. The laboratory results encouraged Transarizona Resources, 
Inc., to erect, in 1959, a 175-ton-per-day experimental plant to process 
highly calcareous and iron-bearing oxidized copper ore of the Lake 
Shore deposit near Komelik, Ariz. From ore containing 1.5 to 2.25 
percent copper, approximately 85 percent of the copper 1s recovered 
in a 50-percent copper concentrate. Based on the pilot plant operation 
and results, Transarizona is expanding its operations to a 750-ton-per- 
day capacity. 

A solvent extraction process E by the Bureau of Mines 
has been employed by Vitro Chemical Co. at Salt Lake City, Utah, to 
recover scandium from plant-stripped uranium solvent analyzing less 
than 0.1 gram of scandium oxide (Scz¿0,) per liter. The crude cake, 
containing thorium and scandium fluorides i percent SczOs), was 
refined at Vitro's Chattanooga, Tenn., facility. The product was 
high-purity scandium oxide assaying 99.99 percent SczOs. The suc- 
cess of this trial run indicates that adequate supplies of this element to 
satisfy any foreseeable use are available from waste leach liquors of 
uranium mills. The current price of about $2,700 per pound does not 
encourage wide use, however. Conversely, the cost 1s not likely to 
drop appreciably without a significant market. 

A flotation process, yet too new for proper evaluation, was de- 
veloped by Minerals & Chemicals Philipp Corp., Menlo Park, N.J. 
Called ultraflotation, the method is designed to recover particles in 
sizes smaller than 1 micron by employing a “mineral carrier” added 
to the feed. The larger carrier grains (often limestone) tend to col- 
lect tiny particles that ordinarily would not be attracted by air bubbles 
during frothing. Announcement has been made of a commercial trial 
at McIntyre, Ga., to remove titaniferous impurities from kaolin. 

The intensification of research by the minerals industry was il- 
lustrated by three new laboratories announced during the year. 
Bethlehem Steel Co. opened its new Homer Research Laboratory at 
Bethlehem, Pa. This 450-employee facility will conduct research 
ranging from study of chemical reactions of steelmaking to prepara- 
tion of refractory furnace linings. Of prime interest will be ihe evel- 
opment of high-strength steel and coatıngs or new alloy steels capable 
of meeting the strength-to-weight and corrosion requirements of space 
vehicles. The Anaconda American Brass Co. stepped up its research 
program nearly 10 times in a new laboratory at Waterbury, Conn. 
This effort will be devoted largely to fundamental studies of the 
properties of copper and its alloys. The Kennecott Copper Corp. an- 
nounced construction of a new basic research laboratory expected to 

650873—92— —& 


58 MINERALS YEARBOOK, 1961 


be completed Se at Lexington, Mass. The research program at 
this laborato ìll emphasize solid state fa investigations aimed 
toward contributing to basic knowledge and producing discoveries of 
a fundamental nature, which will result ultimately in new materials 
and products. 

Of more than passing interest were two meetings “ponon by 
AIME in 1961, which were devoted to single technical fields. They 
were labeled as being the best organized and most efficiently run meet- 
ings in the history of AIME. The First International Symposium 
on Agglomeration, held in Philadelphia in mid-April, drew 595 in- 
dustrial leaders to consider the advances and problems in the area 
of agglomeration. Three dominant points were consistently em- 
phasızed throughout the symposium: 1. Careful and complete pre- 
mixing of materials prior to sintering or ene e vital to im- 

roved production. 2. Updraft furnaces appear to be most effective 

or lead-zinc treatment and are prefe for some iron ores. 3. 
There is a lack of uniformity in quality testing of agglomerated prod- 
ucts. At the 50th anniversary of Froth Flotation in the U.S.A., 
held in Denver, Colo., in September, 500 registrants gathered to dis- 
cuss recent advances and current technology in the art of flotation. 
Although due respect was paid to the past achievements of flotation, 
the chief interest was in determining the role that flotation may play 
in future beneficiation and processing technology. 

In short, there is a trend in the minerals inductees toward produc- 
tion of specialized products. There is a tremendous drive toward 
cheaper and more efficient processing. And there is a wider accept- 
ance of research as a tool to help achieve these goals. 


Review of Mining Technology 
By Paul T. Allsman* and James E. Hill * 


$ 


HE SIGNIFICANCE of technologic developments during the 
year was overshadowed by the possible effects on world mining 
of political and economic events. The cold war that warmed up 

considerably several times during the year, rapid advance of indus- 
trialization in Europe and Japan, the tribulations attending emer- 
gence of new nations and negotiations toward international economic 
unions, all had direct or side effects on segments of the minin 

industry. In contrast, mining technology appeared to have reach 

a relatively stable plateau of trial and evaluation, rather than in- 
novation. European longwall and hydraulic mining methods were 
being tried with relative success in the United States. Mechanized 
operations and ultra-large-capacity digging and hauling epean 
were commonplace. The electronic computer and statistical mathe- 
matics were gradually being recognized as useful techniques for in- 
creasing efficiency in the industry. International symposia gained 
Geer as media for exchanging ideas and information on mining 


research. 
EXPLORATION AND SAMPLING 


Of importance to mineral exploration and almost certain to be re- 
flected in future discoveries were large-scale geologic investigations in 
many parts of the world. These studies were conducted on a national 
scale and were related to increased nationalism and a drive for eco- 
nomic sufficiency in many nations. The Mamina area of Tarapaca 
Province was studied by Chile's Institute of Geological Investigations, 
Canada be dee aeromagnetic surveys of the Canadian Shield, which 
will be tied to extensive geologic field studies. An aerial survey was 
underway in the Kingdom of Jordan in hope of developing economic 
mineral deposits. Surinam was being resurveyed with highly sophis- 
ticated airborne geophysical equipment.“ A virtual army of geologists 
was engaged in economic geologic investigations in the U.S.S.R 
Methods used by the Northern Pacific Railway Co. during a geologic 
reconnaissance of a large area in the United States were described.“ 
This trend of thinking is not restricted to regional land areas. A ter- 


3 Chief mining engineer. 
3 Acsistant chief mining engineer. 
x Engineering ud Mining Journal, Geophysical Re-Survey for Surinam Jungle: V. 162. 
O. e T. . e . 
* Thurlow, Ernest E: Geologic Reconnaissance of Large Areas : Min. Cong. J., v. 47, No. A 
March 1961, pp. 33-35. 
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restrial approach was advocated * that would relate the earth’s major 
structural features to the globe as a framework for economic geologic 
research. Increased thought was being given also to mineral resources 
in the oceans.* The British outlined some methods that could be ap- 
plied in a oceanographic mineral exploration.” These methods in- 
cluded echo sounding, Sonar and Sparkler systems, variations of con- 
ventional geophysical methods, geological sampling, and, possibly, 
heat-flow measurements. The depths of the earth also were being 
subjected to continued probing. In addition to the well-known Mohole 

roject, the Canadians were participating in International Union of 
Geodesy and Geophysics (IUGG) research that is part of the Upper 
Mantle program.“ The project envisioned a seismic network spaced at 
500-mile intervals from the Atlantic to the Pacific to investigate the 
seismic characteristics of the earth’s crust. 

In a more prosaic field, efforts continued to establish mathematical 
principles that could be applied to exploration and sampling. Devel- 
SE of mathematical-statistical assessment, from borehole results, 
of the likely average grade of a South African gold mining property 
with approximate limits of error was reviewed.” Tests showed the 
practical utility of a modified lognormal model of the form log (inch- 
dwt. value +55) to the conditions found in these mines. A comple- 
mentary report reviewed techniques for mine valuation by under- 
ground sampling." Increased use of statistical techniques was indi- 
cated. An interesting device was the control chart used in detecting 
bias introduced by poor sampling or assay practice. ae its 
study of applying mathematical-statistical methods to mine sampling, 
the Bureau of Mines published results of investigations made to deter- 
mine the reliability of these techniques.!“ The study involved four 
steps: (1) Determining the population moments for a given sam- 
ple size, (2) determining total sampling moments for two or more 
stages of sampling, (3) using population-moment relations with sam- 
ple size, and (4) establishing measures of reliability from a fitted 


continuous curve. 
DEVELOPMENT 


Developing a large-tonnage mine requires a high capital investment, 
making it imperative to bring the mine into production as soon as 
possible. The importance of development time coupled with ground 
conditions and increasing depth of the ore were major factors in 
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romoting the efficient shaft-sinking methods used in South Africa. 
Fhe methods developed were described at the Seventh Commonwealth 
Mining and Metallurgical Congress in South Africa, and might well 
be a preview of techniques to be adopted in other areas to mine the 
deeper ores." 
ome noteworthy developments were the use of large-diameter con- 
crete-lined circular shafts, precementation through water-bearing 
strata, mechanical mucking, and the multideck sinking-stage design 
to accommodate mechanical equipment to allow concurrent sinking 
and lining. Introduction of the Blair stage hoist provided a means 
of solving the problem of increased weight of the multideck sinking 
stage.“ The Blair hoist incorporates the principle of doubling down 
each rope of a double-fleeting wheel hoist, thus multiplying the ropes 
for suspending the load. An intermediate tensioning tower equalizes 
the tension in the compounded rope system. By these techniques 
and closely integrated cycling of the operations, sinking speeds in 
excess of 1,000 feet per month were achieved. 
The success of bored shafts up to 90 inches in diameter in the Am- 
brosia Lake uranium district led to development of a 15-foot boring 


bit.“ 
DRILLING 


Investigations by The International Nickel Company of Canada, 
Ltd., (Inco) guided its selection of equipment and drilling techniques 
used in more than 18.5 million feet of production drilling annually.!e 
Most of the drilling was done with air-leg machines and %-inch chisel- 

tungsten carbide-insert integral steel, paralleling European 
rather than U.S. practice. A platform truck to serve five air-leg 
drills was designed and used in preference to early jumbos with boom 
mountings. Tests relating sharpening practice of the tungsten car- 
bide insert to steel performance demonstrated that premature sharp- 
ening was a prime cause of low footage. Insert life increased 80 
ne when inserts were sharpened only to the half-dull point; 
s Ung speed decreased only 6 percent between the stages of relative 

ullness. 

À new bit design for chisel-type tungsten carbide-tipped integral 
steel evolved from experiments at the University of Witwatersrand," 
Johannesburg, Republic of South Africa. Called a saddleback tip, 
it was designed for more efficient transfer of energy to the rock. The 
new shape tends to focus the stress waves within the face of the cylin- 
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drical drill hole. The status of jet-piercing performance was outlined 
at the International Symposium on Mining Research at Rolla, Mo.“ 
Efficiency of the operation depends on the “spallability” of the rock, 
for which a EE to rock characteristics has been estab- 
lished. Evolution of burner design has brought about improved 
performance and broadened the range of application. The ability of 
the jet piercer to bottom-chamber a hole poa control over location 
of the center of gravity of the charge, which can be used to advantage 
for some blasting conditions. Faced with a need to provide for re- 
moval of methane gas and additional escapement facilities, the Olga 
Coal Co. turned to the use of bored shafts about 11 years ago.!“ Since 
that time large-diameter shaft boring by the company has evolved 
through churn and Calyx drilling to rotary methods with oil-drilling- 
type bis Seven shafts had been bored, three by churn drilling 
methods, two by the Calyx method, and two by rotary drilling. The 
first shaft, 30 inches in diameter and 630 feet deep, was drilled and 
cased in 10 months at a cost of $92.20 per foot. 16-inch-diameter 
shaft was recently bored to a depth of 698 feet in 47 operating days 
at a cost of $104.50 per foot. 

Variations from conventional vertical blasthole drilling in surface 
mines were applied successfully to some pit conditions. A new hori- 
zontal rotary air drill was used on overburden at the Power mine of 
Peabody Coal Co., Montrose, Mo.” The machine will drill 360 feet of 
614-inch blasthole per hour in hard shale interlaced with pyrite. 
Angle drilling was used at the New Cornelia Branch open pit mine of 
Phelps Dodge Corp. at Ajo, Ariz., for the final slope line of holes. Use 
of angle holes resulted in less backbreak and better toe. Similar re- 
sults were ee by the Sanford Hill mine of National Lead Co., at 
Tahawus, N.Y. 

With the introduction of ladder drilling, Swedish practice appears 
to have made the full circle from mounted drills to air-leg drills and 
back to mounted air-leg drills? An air-leg drill is mounted on a hori- 
zontal ladder supported by transverse bars. The pusher leg of the 
drill engages a rung on the ladder to advance and retract the machine. 
The method retains some of the advantages of air-leg and mounted 
drill operations. 

Studies were continuing on various fundamental aspects of drilling 
to guide future developments. The Mining Research Establishment 
of the British National Coal Board completed a study of rotary drill- 
ing.“ Abrasive bit wear remained the e feature determining 
final criterion of usefulness. Theory of the interactions between the 
drilling mechanism and rock face received further investigation.” 
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The opportunity afforded by modern instrumentation techniques to 
measure energy transfer, wave mechanics, and fracture patterns 
has introduced a more quantitative appraisal of theoretical drilling 


actions. 
FRAGMENTATION 


While drilling and blasting continue as the primary means for 
fragmenting rock in mining, each year brings some advance toward 
mechanical methods to accomplish this purpose. Continuous-minin 
machines 5 over 27 percent of the domestic bituminous co 
mined underground. The Kentucky Oak Mining Co., Hazard, Ky., 
was using what was said to be the world's largest coal auger with 
a 7- foot cutting head.“ The auger had produced coal at a rate of 
25 tons per minute. A novel method of advancing a full-face me- 
chanical boring machine was developed at the Suntrana mine, Healy, 
Alaska.“ Called the Alkirk Cycle Miner, twin boring heads are 
advanced by puing toward two pilots bored and anchored ahead of 
the face. ective performance of the mechanical boring or frag- 
menting machines is stìll limited to the softer rock formations, but 
new designs and cutting actions are gradually expanding their use 
toward breaking harder formations. Bureau of Mines tests to cut 
bituminous and anthracite coal with a hydraulic jet were successful.“ 
A pulsating hydrojet monitor operating at 1,000 to 10,000 NEE 
figure) atmospheres was described in a Soviet publication.” Photo- 
graphs indicate that the monitor is electrically controlled and its 
operation programed. 

_ Experimental models of other methods for mechanical fragmenta- 

tion were being developed. A process called electrothermal forcing 
wag developed by General Electric Co. in cooperation with the 
Montana School of Mines under a research grant from The Anaconda 
Company.* A  high-frequency-current source (radiofrequency) 
forms a conducting path in the rock, allowing passage of a lower 
frequency current to heat and eventually break the rock. A similar 
development was SE in Soviet journals. Electrohydraulic rock 
breaking also had been investigated in the United States and tho 
U.S.S.R.* The method is based on an electric spark discharged 
under water (see Review of Mining Technology Chapter, v. I, 
Minerals Yearbook, 1958). 
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A review of the data on cratering by explosives presented estab- 
lished relationships between charge size, depth of burst, crater radii, 
and crater depth. Crater tests to calculate bench and blast config- 
uration were utilized in a Canadian open pit iron mine.?? The con- 
trolled crater tests resulted in a more systematic blasting method, 
a 30-percent increase in broken-rock yield per foot of hole, and a 
40-percent decrease in blasting cost. 

arious methods termed “smooth blasting,” “perimeter blast,” and 
cushion blasting had been developed to minimize backbreak and 
provide a smoother blasted surface.“ A technique of presplitting 
was added to accomplish this purpose.“ Presplitting differs from the 
other methods in that a shear plane is broken in the solid rock prior 
to drilling and blasting within the proposed break line. It has been 
used to prepare surface rock excavations for engineered structures. 
The methods are relatively slow and expensive, but for specific con- 
ditions can result in ultimate economies in preparing an excavated 
site in rock. 

The cost advantages demonstrated by using ammonium nitrate 
blasting agents for surface mining created a strong incentive to their 
introduction underground. "Their use underground in salt and pot- 
ash mines was described.“ About 50 percent of production blasting 
in the Boliden mines in Sweden was being done with ammonium 
nitrate-fuel oil (AN-FO) blasting agents.“ Tests indicated man 
of the important parameters for successful detonation of AN-F 
mixtures in lila: holes underground." Proper mix, drill 
density, moisture content, and adequate primer are essential. Fail- 
ure occurred in holes less than 114 inches in diameter. 


MATERIALS HANDLING: LOADING, TRANSPORTATION, 
HOISTING 


Efforts continue toward automating materials-handling systems in 
mines. An automated chute loading system was installed at the 
„Sachtleben“ AG in West Germany.“ A system of electric eyes act- 
uates the chute gate after & car is spotted. Sensing electrodes shut 


3 Nordyke, Milo D., On Cratering, A Brief History, Analysis, and Theory of Cratering : 
UCRL-6578, Univ. of California Lawrence Radiation Lab., Aug. 22, 1961, 72 pp. 

2 Farnam. H. E., Jr., New Applications of Explosives: Skilling's Min. Rev., v. 50, No. 41, 
Oct. 14. 1961, pp. 4-5, 10. 

33 unum Hugh G., Note on Perimeter Blasting: Min. Mag., v. 105, No. 2, August 1961, 
pp. 73-76. 

4 Paine, Rolf S., D. K. Holmes, and Harry E. Clark, Controlled Overbreak by Pre<plit- 
ting: Paper presented at Internat. Symposium on Min. Res., Univ. of Missouri Sch. of 
Menag. Met and U.S. Dept. of the Interior, BuMines, Rolla, Mo., February 1961, pp. 

; o 13-9. 

2% Ron, John L., Jr. Underground Use of Ammonium Nitrate-Fuel OU Explosives: 
Min. Eng., v. 13, No. 4, April 1061, PP: 377-380. 

Mitterer, Adolph V., and Ben T. Phillips, Jr., Underground Ammonium Nitrate Blast- 
ing: Min. Cong. J., v. 47, No. 4, April 1961, n. 72-75. 

*Flenning, Ulf, Blasting With Ammonium Nitrate Fuel Oil Explosives Underground at 
Boliden: Paper presented nt Internat. Symposium on Min. Res., Univ. of Missouri Sch. of 
Mines and U.S. Dept. of the Interior, BuMines, Rolla, Mo., February 1961. 

* Maurer, WIIlllam C., and John B. Rinehart, How To Detonate Ammonium Nitrate 
EN NEE Drill Holes: Eng. and Min. J., v. 162, No. 11, November 1961, pp. 
102-103, 108, ). 

Bullock. R. L., Lee Bilhelmer. and J. J. Jancik, Research on the Underground Applica- 
tion of Ammonium Nitrate-Fuel OU Mixtures in Small Diameter Holes: Paper presented 
at Internat. Symposfum on Min. Res.. Univ. of Missouri Sch. of Mines and U.S. Dept. of 
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Loading and Cut Costs: V. 162, No. 5, May 1961, pp. 98-99. 
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off the flow of ore when a car is filled. Interest in conveyor transport 
has developed partly because it is relatively automatic. Conversion 
from truck haulage to conveyor haulage at the United States Borax & 
Chemical Corp. and the Riverside Cement Co. mines in California is 
illustrative.“ An idea of the large capacities of installed conveyor 
systems is given by a listing of 15 with terminal pulley centers at 4,000 
feet and over, and 41 with drive motor power of 600 horsepower or 
over.“ 

The possibility of automating truck haulage was being investigated. 
On a test section of automatic highway at the General Motors Corp. 
proving grounds, cables buried in the middle of each lane were used 
to guide driverless vehicles. The possibility of installing an elec- 
tronically controlled haul road in an iron mine was being explored.” 

An automated haul road populated with 95-ton haulers (such as the 
one claimed be KW- Dart Truck Co. as the world's largest commercial 
truck) would provide a formidable transport system. 


GROUND CONTROL 


The foundation for solution of many ground-control problems in 
mining is the knowledge being developed through rock-mechanics 
studies. Notable advances were reported in measurement tools and 
In assessing the reliability of these tools.“ Stress-relief techniques 
in which borehole gages are overdrilled to register the change in 
stress were providing valuable in situ measurements. A 10-year re- 
view of rock-mechanics research in South Africa indicated some of the 
practical results of the work.“ Most studies and theoretical analy- 
sis had led to a concept of the fracture zone surrounding excavations 
and the stresses related thereto. These data, in turn, were related 
to control of rock burst and water inflow in the mines. In England 
studies had been conducted on the relation of rebound hardness tests 
to the compressive strength of rocks,** and the determination of rock 
behavior under pressure by the use of sonics at both audible and ultra- 
sonic frequencies, Practical devices to measure ground movement, 
one of the basic elements of rock mechanics, were developed by St. 
Joseph Lead Co.“ Some of the practical interpretations of rock 
mechanics phenomena were explored.“ 


» Cooper, D. M., and P. B. Nalle, Economics of Truck vs. Belt Haulage: Min. Cong. J., 
v. 47, No. 7, July 1961. pp. 48-51. 
23 25 * World, A Conveyor Takes Over at Boron: V. 23, No. 13, December 1961, pp. 
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Singh. B., The Behavior of Rocks Under Pressure: Coll. Guard., v. 201, No. 5201, 
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* Reed. John J., and David C. Mann, St. Joseph Builds Practical Rock Mechanics Tools: 
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DRAINAGE AND WATER CONTROL 


Water control in mines comprises three major phases, (1) control 
of inflow, (2) gathering and pumping inflow, and (3) disposal or use 
of outflow. An idea of the volume of water involved was given in a 
report on Transvaal and Orange Free State mines where 56 mines 
pumped 44,283 million gallons per year.“ Removal and 5 of 
contained grit and sludge and . cleared water product 
for reuse constitute a major problem. Elaborate systems of settlers 
and clarifiers had been installed underground. At the Mufulira cop- 
per mine in Rhodesia, 60 percent of the mining department power re- 
quirements and 25 percent of the total mine power load were needed to 
pump 16 million gallons of water per day.* Plans were made to pre- 

rain mining blocks, desludge the mine water, and pump clear water 
and the sludge to the surface. Water from the mine supplied domestic 
and industrial water for the plant and townsites. Hydrologic studies 
of surface water and ground water started during exploration of the 
Grace Mine orebody at Morgantown, Pa., were used to guide dewa- 
tering efforts. Seventeen 1214-inch drill holes were equipped with 
submersible pumps to draw down the water level. The results of the 
pumping were observed through the exploratory diamond drill holes. 

elected wells were later intercepted with a drift to obtain maximum 
water yield and eliminate the need for well pumps. The program ma- 
terially helped shaft sinking through broken permeable ground and 
reduced the flow of water coming through the ore. 


VENTILATION 


The announced new ventilation project by Anaconda at the Steward 
mine, increasing circulation to 550,000 cubic feet of fresh air per 
minute, was indicative of interest in mine ventilation. A much 
needed text on the subject was added to mining literature." Prog- 
ress was reported in solving the problem of adequate dilution and 
removal of gas when using continuous miners. % The rapid advance 
and closure of the face by the continuous miner made conventional 
methods of ventilation inadequate. Exhaust and forcing methods 
with auxiliary fans and various methods of dust entrapment were 
tried, and although none of the methods was completely satisfactory, 
an exhaust system with wet-filtering of the dust gave the best results. 

A review of ventilation practice in South Africa for mines lying 
below the “critical ventilation horizon,” (90° F virgin rock tempera- 
ture) indicated some of the problems introduced by high tempera- 


* Dolan, John, Water Problems of the Transvaal and Orange Free State Mines: Trans. 
fih Commonwealth Min. and Met. Cong., South Africa, v. 3, April-May 1961, pp. 1357— 
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ture and humidity." Although a definition of acceptable limits 
was not unanimously accepted, designed 555 emonstrated 
that above 87° F saturated, at a velocity of 100 fpm, work output 
drops rapidly. Air cooling was commonly resorted to, not primaril 
to make “hot” places “cool” but rather to make additional air avail- 
able for reuse. The trend in recent years has been to place the cool- 
ing plants underground with the air-cooling coils as close as possible 


to the working faces. 
HEALTH AND SAFETY 


The use of water stemming was one of the subjects for discussion 
at the Directors of Safety in Mines Research Conference, held in 
Warsaw, Poland, ER October. Used in the coal mines of Belgium, 
France, and England, the main advantage is reduced smoke and dust, 
although some improvement was reported in reducing the fumes 
from blasting. Plastic bags with self-sealing valves were generally 
used for water stemming in the European mines. The bags were 
generally filled with water at the ere face. The method was 
tried without success in the South African gold mines.“ The large 
amount of explosives and the small amount of stemming used in the 
gold mines compared to coal mines probably accounts for the poor 
results in the gold mines. The Bureau of Mines conducted tests on 
the relative eflects of various stemming materials, including water, 
on reducing the incendivity of permissible explosives." 

An extraction plant to remove nitrous fumes and blasting dust and 
to allow multishift blasting was used in the South African mines.** 
The fumes were removed by passing return air down through & bed 
of vermiculite impreguated with a solution of potassium perman- 


ganate. 
MINING PRACTICE AND PERFORMANCE 


The use of computing an data-processing machines to approach the 
optima in mining conditions was a subject of much discussion." The 
entire June issue of Mining World was devoted to the subject. The 
machine systems supply a powerful tool to digest and analyze bulk 
data; the major limitation is the amount and validity of data available 
for processing. A major side benefit may very well be to spur research, 
thus improving data collection and recording to provide reliable data 


9" Barcza, M., and J. de V. Lambrechts, Ventilation and Air Conditioning Practice in 
South African Gold Mines: Trans. 7th Commonwealth Min. and Met. Cong., South Africa, 


* Hewlett, R. F., Calculating Ore Reserves Using a Digital Computer: Min. Eng., v. 13, 
o. 1, January 1961. pp. 37-42. 
113 R. F. Mining and Computers: Min. Eng., v. 13, No. 2, February 1961, pp. 
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for machine processing. Experience with a punchcard data-process- 
ing system at the Roan Antelope copper mine in Rhodesia showed an 
apparent increase in measurable costs, compared with the manual sys- 
tem, but provided unmeasurable benefits difficult to evaluate in mone- 
tary terms.“ An important result was to focus more attention on the 
need to coordinate methods and routines in the various departments 
of the company. 

Mechanization has made selection of production equipment a major 
decision when a complete unit of underground coal mining equipment 
may cost a quarter million dollars, Comparativo analysis of suit- 
ability, productivity, cost and integration with other phases of minin 
is essential. Some of the factors to be considered in the selection o 
new coal mining equipment were tabulated. A related tabulation of 
large stripping d Kee (12 cu. yd. and over) indicated relative 
performance.” If efficiency is measured on the rule-of-thumb basis 
of cubic yards of materia] handled per cubic yard of bucket or dip- 
per capacity, the data show relatively constant efficiency for equip- 
ment in this size range. 

A longwall mining system utilizing self-advancing hydraulic roof 
EO. in conjunction with & coal planer had been applied success- 
fully at the Keystone mine of Eastern Gas & Fuel Association, Key- 
stone, W. Va.! Major benefits over the former system of room-and- 
pillar mining were better roof control, a 50-percent reduction in man- 
power, increased production, and minimum maintenance and supply 
costs. The coal seam averaged 52 inches high. The longwall face 
was 590 feet ae The system offers the possibility of full automa- 
tion of a longwall face. At the Frood-Stobie mine of Inco, Sudbury, 
Ontario, Canada, a new method of undercut-and-fill stoping was 
replacing square-set stoping for mining pillars. As each successive 
undercut slice was mined, laminated plank stringers were laid to 
support a timber mat, and sand filling was introduced. Specially 
designed blast rounds and fill methods were used. 

An approach to open pit mine design was described. The im- 
porun and interrelation of considerations such as margin of profit; 
ife, depth, and size of ultimate pit; stripping ratio; pit slopes; an 
cutoff grades were examined. The importance of pit slope and re- 

lated slope-stability determination was emphasized. 


“* Hornibrook. J. T., and F. H. Thornton, Advantages Derived From the Application of 
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Technologic Trends in the Mineral 
Industries 


(Metals and Nonmetals except Fuels) 
By Donald R. Irving? 


KO 


ATERIAL handled at metal and nonmetal mines in the United 
M States in 1961 was 2.7 billion tons, 3 percent less than the 2.8 
billion tons (revised figure) reported in 1960. A larger per- 
centage of the total was ore, 2.1 billion tons compared with 2.0 billion 
tons in 1960, as the quantity of waste removed at iron ore and 
uranium mines declined 80 million tons, and total ore and waste de- 
creased 99 million tons. 

Copper and iron ore producers reported three-fourths of the crude 
ore and waste handled at metals mines; sand and gravel and stone 
producers handled three-fourths of the nonmetals total. Almost half 
of the material was handled in seven States—Minnesota, Florida, 
Arizona, California, Utah, Michigan, and Texas. When the large- 
volume construction materials (sand and gravel and stone) were 
excluded from the totals, four States—Arizona, Minnesota, Florida, 
and Utah—supplied more than half the material handled. 

For the first time, the relative values of surface and underground 
ores have been calculated; a breakdown shows the value attributable 
to principal and byproduct minerals. The value for surface ores 
including sand and gravel and stone averaged $1.80 a ton in 1961, 
and that for underground ores averaged $6.70 a ton. Corresponding 
values excluding sand and gravel and stone averaged $3.10 and $7.85 
a ton, respectively. 

Underground mining methods in 1961 were open stoping, 74 percent; 
caving, 25 percent; and other, 1 percent. Only 11 percent of the 
open stoping required artifical support. Virtually all the ore mined 
by surface methods was mechanically loaded; about half had been 
previously drilled and blasted. 

In 1961, exploration and development totaled 29 million feet 
compared with slightly under 21 million feet in 1960. The increase 
was due almost entirely to a sharp rise in percussion drilling. Drilling 
provided 89 percent of the total exploration and development footage, 
as follows: Percussion drilling, 43 percent; rotary drilling, 22 percent; 
long-hole drilling, 12 percent; diamond drilling, 10 percent; and rotary 

ing, 2 percent. 
_ Four-fifths of the footage in 1961 was for metals, of which about 
‘0 percent was for uranium, gold, and molybdenum. Clays and 
stone were 70 percent of the nonmetals footage. 


— 
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For the first time since 1935 data were collected by the Federal 
Bureau of Mines on froth flotation; these data enabled measurement 
of growth over a 25-year period. In that time, material treated rose 
from 26 to almost 200 million tons although the number of plants 
using flotation increased only from 184 to 202. The number of 
flotation reagents used in 1960 was triple the number used in 1935; the 
number of commodities treated increased fivefold; reagent consump- 
tion was ten times the 1935 figure. However, reagent consumption 
per ton of ore rose only from 3.282 to 4.297 pounds. 


MINING 


Material Handled.— Mineral producers in the United States handled 
2.7 billion tons of ore and waste (excluding fuels), a 3-percent decrease 
from the 2.8 billion tons (revised figure) reported in 1960. The 
decline was attributed entirely to metal mining, for which the 
material-handled figure decreased from 938 million to 846 million 
tons. Material handled at iron-ore mines was 64 million tons less 
and at uranium mines declined 35 million tons. 

Despite the decrease in total material handled, crude ore output 
of metals increased slightly. Gains reported for ores of beryllium, 
copper, ilmenite, manganese, mercury, molybdenum, rare-earths, 
tungsten, and uranium more than offset losses in output of bauxite, 
chromite, gold, lead, manganese, rutile, silver, and zinc ores. In 
1961, copper and iron ore production was 70 percent of the crude 
ore and 78 percent of the total material handled, compared with 
73 and 76 percent, respectively, in 1960. 

Only about four-fifths as much waste was handled at nonmetals 
mines as in 1960, but crude-ore production increased 3 percent, and 
as a consequence total material handled was up slightly. However, 
the increase resulted mainly from sand and gravel and stone production. 

Of the 2.7 billion tons of material handled in 1961, 1.9 billion tons 
(70 percent) was ore. Almost 17.5 million tons of the ore was net 
accruals to stockpiles; 12.9 million tons was net withdrawals from 
stockpiles; 6.6 million tons was materia] shipped from mine dumps 
and tailings. 

Commodities for which major stockpile accruals were reported 
included crushed and broken stone (8.7 million tons), clays (2.0 mil- 
lion tons), copper (1.9 million tons), iron ore (1.5 million tons), and 
uranium (0.7 million tons). Stockpile accruals also were reported 
for beryllium, lode and placer gold, lead, manganese ore, manganif- 
erous ore, mercury, and silver ores, and the following nonmetal ores: 
Aplite, barite, boron minerals, diatomite, feldspar, fluorspar, gypsum, 
scrap mica, olivine, perlite, phosphate rock, potassium salts, pumice, 
pyrites, salt, sodium carbonate (natural), dimension stone, and sulfur. 

Commodities for which net stockpile withdrawals were reported 
included crushed and broken stone (7.0 million tons), iron ore (2.3 
million tons), barite (0.8 million tons), clays (0.7 million tons), and 
salt (0.5 million tons). Lesser quantities were withdrawn from 
stockpiled metal ores of chromite, copper, manganiferous ore, mercury, 
silver, tungsten, uranium, and zinc; and from nonmetal ores, asbestos, 
boron minerals, diatomite, fluorspar, gypsum, magnesite, scrap mica, 


TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES 71 


phosphate rock, pumice, sodium carbonate (natural), dimension 
stone, sulfur, and talc. 

Most of the dump and tailing material shipped was stone (2.3 
million tons), copper (2.1 million tons), and iron ore (1.6 million tons). 
Small quantities of metal dump and tailing materials were handled 
for lode and placer gold, lead, manganese ore, silver, uranium, and 
zinc; and of nonmetal materials for clays, garnet, salt, and talc. 

Material handled at nonmetal mines, excluding sand and gravel 
and stone, declined 6 percent; output of crude ore increased slightly. 

Six commodities—copper, placer gold, ilmenite, iron ore, molyb- 
denum, and uranium—supplied 92 percent of the crude ore and 95 
percent of the ore and waste handled at metal mines, compared with 
93 percent and 96 percent, respectively, in 1960. In both years, 
about 80 percent of the crude ore and more than 90 percent of the 
total material handled at metal mines came from surface operation. 
Of the total material handled, 45 percent was crude ore. 

Clays, phosphate rock, salt, sand and gravel, and stone furnished 
93 percent of the crude ore and 93 percent of the total material 
handled at nonmetal mines in both 1960 and 1961. Sand and gravel 
and stone supplied 83 percent of the nonmetal crude ore and 77 
percent of the total material handled, compared with 82 and 76 

ercent, respectively, in 1960. Of the total nonmetal material 
dled, 90 percent was crude ore, compared with 87 percent in 1960. 

In 1960, seven States—Minnesota, Florida, Arizona, California, 
Utah, Michigan, and Texas—reported handling more than 100 
million tons of ore and waste, and together they handled 46 percent 
of the U.S. total. The same seven States also reported more than 100 
million tons each in 1961 and supplied 48 percent of the total material 
handled in the United States. Minnesota, which led in 1960, declined 
to third place in 1961 because tonnage handled at iron mines decreased. 
California led in 1961; Arizona rankad second. When the two large- 
volume construction materials, sand and gravel and stone, were 
deducted from the 1961 totals, material handled exceeded 100 million 
tons in only four States. Arizona reported 201 million tons; Min- 
nesota, 171 million; Florida, 153 milion; and Utah, 140 million. 
These four States furnished 54 percent of the total material handled. 
The leading States in tonnage of crude ore mined were Minnesota 
141 million tons; Florida, 82 million; Arizona, 76 million; an 
California, 66 million. 

Surface Versus Underground Mining.—An important analysis 
available for the first time in this chapter is that of the relative value 
of surface and underground ores, a breakdown shows value attribut- 
able to the principal mineral products and byproducts. The stage 
of measurement of value used in table 6 is the same as that used 
throughout the Minerals Yearbook. Usually, the stage of measure- 
ment 1s mine output, the form in which the minerals first are extracted 
from the ground. However, for some minerals the value of the prod- 
ucts from auxiliary processing at or near the mines are used. Further- 
more, values for gold, silver, copper, lead, zinc, and tin are assigned 
on the average selling price of recoverable refined metal—not the 


mine value; mercury is valued at the average New York price for 
recoverable metal. 
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Byproducts contribute to the value of salable mineral products for 
about half of the mineral commodities. The value of byproducts is 
a significant part of the value, however, only for the metal ores of 
lead, silver, tungsten, and zinc, and for the nonmetals, boron, fluor- 
spar, and natural sodium carbonate minerals. 

In almost all instances, the unit value of underground ores is 
greater than that of surface ores, and when the low-value construction 
materials (sand and gravel and stone) were excluded from the totals, 
underground ores averaged $7.85 a ton, compared with $3.10 a ton for 
surface ores. Value of metal ores mined by surface methods ranged 
from $0.15 a ton for placer gold to $19.60 a ton for tungsten; value of 
metal ores mined underground ranged from $3.10 for placer gold to 
$36.50 for silver. Value of surface-mined nonmetals ranged from 
$0.10 a ton for potassium salts (brine) to $20.70 a ton for Frasch- 

rocess sulfur; value of nonmetal ores mined underground ranged 
rom $1.55 a ton for clays to $43.70 a ton for boron minerals. 

In 1961, 93 percent of the total crude ore mined (80 percent of the 
metals, and 96 percent of the nonmetals) came from surface operations. 
Only three commodities, chromite, cobalt, and molybdenum, were 
mined entirely underground. Other metal commodities mined sub- 
stantially from underground sources included lode gold (97 percent), 
lead (99 percent), silver (99 percent), tungsten (89 percent), and 
zinc (99 percent). Among nonmetals only fluorspar (91 percent), 
sheet mica (87 percent), and wollastonite (86 percent) were mined 
Ee underground. Mining methods were little changed 
rom those reported in 1960. The tonnage of ore mined underground 
exceeded 40 percent only in New Mexico, where it was 45 percent in 
1961 compared with 50 percent in 1960. From 25 to 40 percent of the 
ore was mined underground in Colorado, Kentucky, and Missouri in 
1960 and 1961. 

The relationship between crude ore and marketable product is 
shown in tables 11 and 12; that between total material handled and 
marketable product, in tables 13 and 14. 
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TABLE 7.—Crude ore and total material handled at surface and underground 
mines, by commodities in 1960 


(Percent) 
Crude ore Total material 
Commodity 
Surface Under- Surface Under- 
ground ground 
Metals: 

Bunte c cpi E E 92 8 97 3 
e ß ß 88 12 83 1? 
Bas WEE, LEE re LE 100 1 100 
E eng Ee 82 18 93 7 
Cold: 

1T1;·Ü wr. ³ꝛ¹Aw¹ꝛꝛ ⁰¹ EE 14 86 11 89 

o AAA AA ĩͤ 2 tak Os o a 100 86 
P ³˙.wi.ꝛ ²¹màꝓↄ²ͥ de ec A ESAS 14 2 8 
y Sr AA pc EE () 894- 1 90 
Manganese ore (35 percent or more EE 87 13 91 9 
Manganiferous ore (5 to 35 percent manganese).... 86 14 86 14 
r . 40 60 84 36 
eee . A , 100 donas 100 
ö A A A 8 18 82 15 85 
PDF ³o¹¹AAAA --W RK seuseceued 12 88 12 88 
JJ1öõÄÜöÜ%ͤf ⅛ y ⁊ð O Mets 34 66 92 8 
VAN o AA E AEA E AA A EE 6 94 18 82 
Other b o o A 100 |............ 100 ege 

Nonmetals 

Abrasives p REMANERE asa 79 21 85 15 
J nu ⁰ aue deiode 92 8 06 4 
¡E A A ee 90 10 96 4 
Boron minerals 99 1 99 1 
¡NL A A ͤ³ y A E 96 4 98 2 
a A A ae aid wise s a E eai 98 2 Y8 2 
¡Yao IA ed Red 12 88 18 82 
OYPSÜM A A O E ess 75 25 86 LA 
LEE d EE CES 0 100 E 
Magnesium compounds — een 100 8 100 aae eeo Rs 
Mica: 

BCPA EE EE 99 1 99 1 

et, E E KU 70 30 70 
A A A ͤ ³ AAA A 8 99 1 99 1 
n Street ergeet ege sce 98 2 99 1 
Potassium Salt. 51 49 51 40 
PüMmi Os oot ² ²˙• A; ³ A 8 10 EE 100 . eg 
JCÜ¾ AAA T 06 86 14 
! ² A E é 87 13 87 13 
Sand and gravel 44% . wes S 
Sodium carbonate (natural)) 73 27 73 27 
N sulfate (natural)) 100 |............ 00 

ton 

Crushed and broken n 95 5 96 4 

eee A A EE 8 96 4 96 4 

Frasch process e 100 AAA 10 was ecesecu 

Other MA A 0 100 [2.122292 
Tale, soapstone, and pyrophyllite 41 59 40 5A 
aal 1000... 100: 1a aaseco eode 
e Edel eMe Nae 99 1 99 1 


1 Less than 0.5 percent. 

? Magnesium chloride for metal, nickel, platinum-group metals, rare-earth metals and thorium, titanium, 
and zircon. 

3 Emery, garnet, grinding pebbles, millstones, grindstones, pulpstones, sharpening stones, tube-mill 
liners, and tripo 

4 Aplite, calcium chloride, dlatomite, graphite, greensand mar], iodine, kyanite, lithium minerals, olivine, 
staurolite, and wollastonite. 
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TABLE 8.—Crude ore and total material handled at surface and underground 
mines, by commodities in 1961 


(Percent) 
Crude ore Total material 
Commodity 
Surface Under- Surface Under- 
ground ground 
Metals: 
Ill; ee oes 85 92 8 
Beryl sc gege Ee 80 06 A 
CHOWN AA A AA A , 100 
CoD 27777 IE QNIN EE: |: 3 ORE E i 
tere EE 
Gold: 

AA . ee ee es ee 3 22 78 
Placér e i edis 100 100 (1) 
ü EE 87 92 8 
SN MN ENTER EDO NONE 88 3 97 
Manganese org. Gi 93 95 5 
Manganiferous ore 52 64 36 
Ml A 8 45 66 H 
i // ͥ⁰⁰¶⁰yd AA 1 DEE 100 
lekal. llle ee ce eee A LA EIE 100 1...........- 100 |......-.---- 
Platinum-group metals... .. 2 Ll Ll cc cl ee 100 E 1002 
Rare-earth metals and thorium 20-2-2000- o 100 [......-.-.-- 
III ³ĩ⅛Vtç½d 8 1 15 85 

Titanium: 
Inne elites oou 100 eet 100 
I. oo ĩð2- 88 1000222 1 E 
IIC ³˙W¹.w y m ew ee 11 42 58 
FFII tate ae A a a p iei EE 36 88 12 
TANG EE 1 3 97 
Total metals 80 89 11 
Nonmetals: 
ii. ³ ⅛V;B 100 eege 100 — 
ASDUSLON ͥ ³˙¹ AA (y m Ode dE SUM 9⁵ 98 2 
iii ðV ]. ĩ 8 90 98 2 
Boron minerals................ LL cL c c LLL cL Llc l.l 100 100 () 
CONS EE 86 92 
rr ³ð K 1000 EE 100 
Tr AAAVAdVZVVJ———V Ee 100 donaciones 100 |..... esac... 
A E EE ee 98 98 
Fluors p 9 23 77 
Gli ³⁵ðVjiſĩ ⁵ 88 100: se ues 1000 
i ß eed a Md ede I00 [e ooi es 100 Leere ses 
Grinding pebbles PP d 100 |... 100 |..... E 
Greensand mark. eem sioune Sei Ging ES NS ne 100 — 100 |... --..--- 
P ege 74 81 19 
o E A E eU 100 A 100 
Lithium minerals 2222 ee eee 10 10025 
e eee ß cece ees 10 LE SEDE 100 ew 
Mica: 
Eed 100 99 1 
E EE ai ore ³ c DU Ä 13 15 85 
Geil. ³ 8 83 82 18 
Fill dca dece ³ A aee 100 — 100 
bueren e eelere aaen Seed 99 99 1 
Potassium S8lt3 2 eee eee eee 44 
Fin... iaa 100 100 — 
II ³ÜQiAü... eee hese ace 39 12 
E E oe ea E ⁵ ⁵ b ⁵ 90 89 11 
Sand and rare!!! EE. 100 2225 . ass 
Sodium carbonate (natural) 88 88 D 
Sodium sulfate (naturaluß))ʒ ))) D 0 
Stone: 
Crushed and broken. Ls cese ees 95 96 4 
DAA ee 97 28 2 
Sulfur: 
Frasch-process mines 100 [...... wes 10000 
Other fes... 8 100 le anita 10000 — 
Tale, soapstone, and pyrophyll lt 41 41 69 
i tee aoe E 10 (; 100 8 
E A 14 14 86 
Total nen meta. 96 96 4 
Grunde. 93 94 6 


! Negligible. 
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TABLE 9.—Crude ore and total material handled at surface and underground 
mines, by States in 1960 


(Percent) 


Crude ore Total material 


State 
Surface Under- Surface Under- 
ground ground 
A. CE 90 10 
O on ee ⁵ ⁵²˙ y 11 AAA 100 [::3: 2 iuc 
Kos. ⁵ 93 7 
Arkansas 444 „„ 97 3 
oe y ⁰ꝛ eq nasa. RT 99 1 
So gs. / suse esa seen ans 71 2 
Connecticut—ꝛ-n 99 ＋ () 

FI ⁵⅛”²¹AiꝛUn AA 1 UN EE 100 dino Soeur 
District of Columbia 100 |]............ 10 
( ³owüwüw ³ ĩðZ 1 VE 100 decidi os 
i;; ⁰ se cea aes 97 3 
Hide 100- AA 
Idaho Ee 93 7 
SOTTESA PE E ⁵ĩð ⁵5iVdddd 8 96 4 
PANS A Seaweed 98 2 
tege Zeie 98 2 
ee 92 8 
Kentucky EE ⁵⅛ðV dd ⁰ ccce e Ret 83 17 
Louisiana A V 8 95 5 

MAING: AA A e 99+ (1) 
Maryland ]˙! AA A ee . 
Massachusetts... .------- I ER 100 |........... 
KEE 83 17 
IS E 99 1 
JöͤĩÄ1—V6u⁵ĩ0 ͤ ͤ⁰ AAC “100. EE 100. 
Ill ³⁰· w-... ⁰⁰ 886 71 29 
An; 00 10 
A EE o —— 00D GE „„ 
Nétcald. A ee esse cere Seer 99 1 
New Hampshire. 99 1 
New JOSEY A usd UNE MEME aT QN EAE 97 8 
Ne ð 71 29 
A A ]ĩ; A E AA 04 6 
Noth uncos Re RO venas Rua EPUSS 98 9 
i A —— TOD E 100: ees SG chie, 
ODIO EE 06 4 
Li A 98 2 
J ³ÜmmQXààQAQAQàQTàỹ＋!·ÿỹqA ³ A — iU quuin: 100 EES 
FFI ³·mmmXmààià!:!;³ 93 7 
Rohe ³ð / ðͤ d ĩ2 ĩ r IS 11 1 REA 100 d onion. 
South Carona. E 11e 100 |............ 
South ae 9 86 14 
arr.. A O esequi Me RR 85 15 86 14 
RE TE 94 6 04 6 
IS AAA ˙ĩ ́ ... 97 3 98 2 
lll 8 96 4 97 3 
Voli lun ↄ TJ 8 92 8 93 7 
Nine,. A EREE TONNES 97 3 97 3 
West Virginid cioe co eee eoo Eo ees cs 90 10 90 10 
35533 T 96 4 96 4 
ide ggg 84 16 7 3 


1 Less than 0.5 percent, 
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Methods.—Open-stoping and caving methods were used to mine 99 
percent of the underground ore produced in the United States. 
Almost two-thirds of the ore came from naturally supported open 
stopes; one-quarter, from caving; and less than one-tenth, from 
artificially supported stopes; only minor variations occurred between 
data for 1960 and 1961. In both years, all the bauxite and natural 
sodium carbonates mined underground came from naturally supported 
open stopes; all of the chromite, from artificially supported stopes; 
and all of the molybdenum, from caving stopes. Some ore was mined 
underground in 42 of the 50 States. Virtually all the ore mined by 
surface methods in 1961 was loaded mechanically; only a minor 
quantity of the output, by hand methods. 

Exploration and Development.—Four-fifths of the exploration and 
development footage reported in 1960 and 1961 was for metals. Ura- 
nium development supplied 42 percent of the footage in 1960, but 
only 26 percent in 1961. Molybdenum development furnished 2 per- 
cent of the 1960 footage and ranked second in 1961 with 19 percent. 
Uranium, stone, lead, iron ore, clays, and zinc supplied 80 percent of 
the 1960 footage; the same six commodities and gold supphed 75 
percent in 1961. 

More than four-fifths of the exploration and Eier footage— 
82 percent in 1960 and 87 percent in 1961—was diamond, rotary, 
long-hole, and percussion drilling. In 1960, rotary drilling led, fol- 
lowed in decreasing order by percussion, diamond, and long-hole 
drilling. In 1961, percussion drilling was 43 percent of the footage, 
followed by Sse qon Pe Fa and diamond drilling. 
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TABLE 10.—Crude ore and total material handled at surface and underground 


mines, by States in 1961 


(Percent) 


State 


DW a o Uno ld 8 


mom ——2 m er m e m o o ooo om oom e mp — 
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Ff EE 


E RTE EE 


N aal... Ee 
J ͥy ͤ d ³˙¹-ĩ EES 
i 0: A A 
A AAA A 
C A AS 
!! rl LOS A 8 
North Carolina. osos .. . A AE 
Nortb a A . dci 
gn MAA EE EE 8 


e EE 
KEE A decide. SE 
DS ET EE EEEEREE 
r Ee 
F A Kd ͤõ ꝛ=vr. ee 


Tennessee te A oia 


- ——— mme. «c o 


——— mee m P e p » op er ep e A o em — r A woes mmm M 


Virginia 


—— me vm ——n—— ̃ ͥ o me m m m. mm n ́ — — mm 


! Negligible. 


6850873 —62—-7 


Surface 


Crude ore 
Under- 
ground 

92 8 
100 (1) 

86 14 

97 3 

99 1 

60 40 
100 ( 
100 2 
10 — 
1000 cuui 

96 4 
100 APA 

89 11 

95 5 

98 2 

97 3 

93 7 

76 24 

94 6 
100 (1) 

100 (1) 

100 WEEN 
85 15 
99 1 

100 EE 
73 27 
86 14 

100 (1) 

99 1 
100 (1) 

95 5 

55 45 

94 6 

97 3 
100 EE 

88 12 

97 3 
100 (1) 

91 9 
1000 
1000 X 

89 11 

89 11 
100 (1) 

97 3 

97 3 

93 7 

97 3 

86 14 

97 3 

86 14 

93 7 
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ground 
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TABLE 15.—Mining methods used in underground operations, hy commodities 


(Percent) 
Open stoping 
Caving Other ree 
uns 
Commodity Natural Artificial SE 
support support 
1960 1960 1961 1960 1961 
Metals: 
BaUurte. 0:2]: 2b x2 RE 100-0] 30:0 ß a GE ß DEER 
Beryllium. rro 100. 0 )))!!! 8 
ell, GE EE 100.0 r PA PA 
SCH EE 29.0 33.8 9.2 9.7 61.8 c E 
old: 
ee mn bn utieececssoade 4.0 3.6 94.2 9 1 , 3 88 
II/ ⁰˙¹ũ1w VEER 64.5 |........ J PR EE 36. 4 
TRON Olé sre raras 45.5 47.0 6.4 8.5 47.2 44.6 9 1. 9 
di A A as 86. 8 83. 3 12. 9 1% —Pj PO E GENEE 
Manganese ore 78.8 86.4 20.0 13.6 e NND Re A 
Mereur g 4.4 3. 94. 4 96. 6 8 X p NEN 
Mes ben,. ruso DEEG [ome cese 100.0 | 100.00 
Sehr: EE 16.8 11.3 83.2 SA TELS exu WE A GE 
Tungsten. 55. 9 39. 9 4.1 1! E EE IP 
Pill ³ĩðVüu7 8 89. 1 81. 8 7. 4 11.5 2.8 6.7 Oi EE 
J E ee bees 82.7 80.7 17.0 1770 EH S 
Nonmetals: 
ASDOSLOS A AA 95.8 1... 4.9 A AI E A 
Iii... é 1.0 icta. 99. 0 UR N EE SE WEE 1.1 
Boron mineruls jo UE ie oo tee A GE, AS A AA 
(CIA eene A Gene es 87.5 97.2 4.3 1.0 8.2 LB d vas (1) 
Fl A 100. 0 N Jö; 8 
Flühr f roces 40. 3 35.5 56.0 59.3 3.7 SS NEU 
A AA euwecwes 99. 2 99.1 .8 7h... EE 
Mica: 
SCAD Ce eeh ere 25.0 33.3 75.0 057 AIN A EA 8 
EE 72| 52.0 32.8 Ant ll 5 
Pl! ees 100.0 0G ͥͤͥͤ é dd suia esie ui WEE 
Phosphate rock 7. 0 33.5 60. 2 63. 9 2.8 % e E 
Potassium salts.................- 99. 8 // A GER 3. 0 3 
FI ³˙¹¹wL 83.1 79.9 16. 9 Ir 
Il! A 04.6 D E PA. A A A 5.4 7.2 
Sodium carbonates (natural). . 100.0 | 100.6022 ę „„ q!é 
Stone: 
Crushed and broken......... 95 7 05.8 1.6 L4 1: .1 2.7 2.7 
Dimension 98. 9 95.3 l.l EE A G00 AO 
Talc, soapstone, and pyrophyl- 
A ae EE 70. 9 83.1 18.8 15.2 9. 5 .2 8 1.5 
Totals E 64.1 65.5 7.8 8 1 27.0 25.3 11 1.1 


1 Less than 0.05 percent. 
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TABLE 16.—Mining methods used in underground operations, by States 


(Percent) 
Open stoping 
Caving Other and 
unspecided 
Btate 
1960 1961 1960 1961 

Alabama_......................---.-| 97.8] 97.88... 2.2 3 
7777)! ͤ Vu 8 90.9 | 100.00 9.1 |... 
E MN 3.1 3.9 9.6 9.4 | 87.2| 86.7 Eeer 
JJ eee uu Ic IT 78. 6 76.3 21.4 23.7 [io ues E NOE Ge AOS 
California... ween cer eee 78.8 77.2 | 20.7 | 21.0 1 1.0 4 0.8 
NAS bod 2.3 7.5 6.2 7.2 | 85.4 85.3 Bo éi zer 
Connecticut % ù 209 100 0 -rab abe 
DIA cool em x betwee R Cer) déi E PRA „ 
IET TREE RM EE .8 5.0] 99.2 95.!!ſh,ùu é é 
J!!! 94.3 93.3 5.2 5.9 5 C 
jj! ᷣ ͤ ⁰y ce ch eee 100.0 | 100.0 00 
ee hh y A NADIA 
ELE 100.0 | 100.0 LL Lo lae -.-- 
DUET 77%. KONNTE 2 m 5 1.7 E EE ( 
IT RM 100. J)) y rap - 
Mia E eA tnd ae e Beet 100.0 %%% PA Ee 63.6 |........]........ 
MAMAN. ice cv ooo duces ELTE , RE e Ee 
Mug o cues ner odes A EL OR 66.5| 73.9 4.4 58| 284| 18.1 7 2.2 
Mia pie eh ehh NON w 9 5 8.0 11.3 88. 6 88. 7 2.8 A 

lll é e e O EESE] 3) E ESA 
SC LEE 10. 5 SC 0 25.9 | 34.1 63. 1 54. 9 888 
B.. ˙100 0 ] ]]] ð ᷣ u ĩ GEES 
„ act A aad Rec et tine 642] 66. 5 33.5] 31.5 14 |. 9 2.0 
55 1 V p^ 1 “201 352 Ll. ll 
; ³eQA ᷣͤ ͤ 88 E 8 s Y PAE GE PE 
New Merico, 0 LL LLL cL e erem 97.2| 926 2.5 3.5 2 3.9 Eg M 
New NOME EMEN RM NRI 922| 89.1 PN esi 4 5 7.3 10. 4 
SE amelteeg “ 2 199 25 | 81.0 [ao DI EE sene eise 
Ee 100.0. eet eg, ! 16.1 |........ 
Win g 100.0 | 100.0 ohhh ð „ 
i Ee 57.1 | 100.0 42.9 
Fennsylvanlaz——: eee - 57.8| 41.3 .5 5| 41.4| 47.9 3 10.3 
Teu Dakota VC Ei 00.0 96.0 97.4 4 .2 2041. c 
CCC f 100. IA AA IE Ä a 
ZZZ 100.0 | 100.0 |... ....|.--..-.- sce - FFF 
un EE KEEN 48.3 56.3 43.8 389 6. 0 4. 8 E 
Ek EE 79.4 | 100.0 E: TANE 19.7 [5 o ⁰ EE 
FIC ͤ Ä 90.5 89.7 1. 9 JC 7. 6 8.2 
. FCC ES $ Ke 6.5 KEE E, E EC 
Wisconsin. 47.4 32.7727 50 52.6 67.3 |........]------.- 
C TTV 60. 5 53. 4 17.2 14.2 22.3 / SN 
Told. tl dis 64.1 | 65.5 7.8 8.1 2.0| 25.3 1.1 1.1 
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TABLE 17.—Mining methods used in open-pit mining, by commodities in 1961 


(Percent) 
Mechanical loading 
Commodity Explanation of other 
Metals: 
NR aaa 
Dream... gue ei Unspecified. 
A IIA NE Leaching. 
12 a LICREPPTRONUR 
Wear... Unspecified. 
Manganese ore................. 
Manganiferous ore 
VU c AA 
Rare-earth metals and thorium.. 
PUM ere OS. 
3 c Drilled or cut without blasting. 
— a HE AENA 
Nonmetals 
. 
IN APA ew wM ne 
t 0,0 ELE E E PEN Mechanical excavation and non- 
float washing. 
A EE Dredging (1 percent), unspecified 
(1 percent). 
Fc c / EE COE ee Sei 
p g 0. ARRE E 
A Unspecified. 
feo). | ara 
REA A 
Gropi EDO RU O 
DPP EE 
o O Drilled or cut without blasting. 
C 
Lithium minerals 
e 
len: 
A getrei ast Hydraulicking. 
100 ee toe Hand methods (4 percent), un- 
specified (19 percent). 
G ee de 
ESCH deng, S A ESA 
Phosphate rock. ............... Dredging. 
A, BRINE ARA Lu T — d odi exe Pumping. 
y AA 
eo AAA A, 
. Dredging. 
Sodium carbonate (natural)....|............|............ Pumping. 
Sodium sulfate (natural)) 
Stone: 
Crushed and broken....... dee EE 
F Hand methods (1 percent), drilled 
or cut without blasting (73 
percent), 
Sulfur: 
MOC Minat: oc AA EST Pumping. 
oben 
nb soapstone, and pyrophyl- Drilled or cut without blasting. 
te. 
LC, REPERTA 
r as Ee cada Hand methods, 


Digitized by Google 


TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES 101 


TABLE 18.—Exploration and development activity in the United States, by 


commodities 
1960 1961 
Commodity 
Feet Percent Feet Percent 
of total of total 
Metals 
TEE un EE 16, 079 0.1 76, 472 0.3 
CONDE EE 1, 203, 632 5.8 1, 104, 712 3.8 
„ P 386. 741 1. 9 5. 677, 277 19. 4 
Fan ecse ð 88 1. 603. 689 7.8 | 2,252, 869 7.7 
e A EE 1, 834, 226 8.4 1, 363, 933 4.7 
Manganese ore 14, 025 .1 4, 090 (1) 
i A A alien 97, 691 .5 32,320 .1 
en ß 2:31, 915 1.1 | 2,636,116 9.1 
o A A IR 20, 973 .1 12, 060 VM 
Rare-earth metals and thorium m — 9,871 .1 1, 360 (1 
ER A A EE 39, 116 .2 86, 225 3 
A ũ ꝶſ9. mM... EE 74, 785 4 39. 483 . 1 
Tungsten JJ E A 631, 549 3.1 689, 956 2.4 
Uranium and vanädium. mo. 8, 707, 918 42.1 | 7,660, 885 26.3 
e...; 8 1. 476. 993 7.2 1,611,870 5.5 
Pio EE 3, 692 (D^ ieee hn O 
fee... x ⁵ 8 8. 243 , | 36. 721 1 
lr a 16. 361. 138 79.0 | 23, 286, 349 79. 8 
Nonmetals 
ASDPAUDON AAA ⁊ T 62, 568 .3 45, 313 2 
C ²˙ÄW / E O 8 77, 828 4 41, 026 2 
Boron minerals .. 7. 829 (2) 9, 592 (1) 

HVE WEE 1, 417, 981 6.9 | 1,602, 154 5.5 
IA . MS A (i) 81, 833 3 
Flüorspat EEN 33, 750 2 45, 795 2 
Ah Gute aie wai beatae weenie ⁵ĩð2t 8 233, 697 1.1 474, 574 1.6 
Mica 

SOD RIE A ( 8 4. 210 (1) 385 VM 
GT EE 23, 045 .1 2, 426 1 
Phosphate rock... 146, 364 .7 231, 456 8 
ERES um t. 8 43, 790 52 356, 640 1.2 
ett A E A A 8 6, 931 (n 2, 000 V 
F ⁵»Ä˙ RERO HOOP 7,100 1 1,316 1 
)) ³o¹Ü—ꝛ ²⅛o EE 23. 933 zl 41, 648 1 
Sodium carbonate (natural) 44, 963 <2 27, 532 1 
Sodium sulfate (natural 13, 124 EI rli nune mieten 
Miror RA ER ĩè NERONI SERIES 1, 914, 078 9.3 2, 462, 579 8.4 
Sulfur 
Frasch-process mines. 238, 723 1.2 157, 642 .5 
Miho 8 919 (1) 2, 191 (1) 
Tale, soapstone, and pyrophyllite 27,749 .1 86, 859 .8 
/); SER SPECTET ETE 16, 244 .1 232, 976 .8 
pg A RUPES 4, 351, 786 21.0 5, 905, 937 20.2 
Grand total!. alu utu a Ee 20, 712, 924 100. 0 | 29,192, 236 100.0 


A y. ———— A  x__ÑTR 


! Less than 0.05 percent. 

3 Antimony (1961), bauxite, chromite (1960), cobalt (1961), and platinum-group metals, 

3 Aplite (1961), calcium-magnesium chloride, diatomite, greensand mar] (1961), kyanite, magnesite (1961), 
olivine (1961), perlite (1961), staurolite, tripoli, vermiculite (1961), and wollastonite. 
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TABLE 19.—Exploration and development activity in the United States, by 
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methods 
1960 
Method 
Percent 
of total of total of total 
Shaft sinking........................ 24, 732 0.1 2, 772 0.1 27, 504 0.1 
Raising. eerste Ae 325, 282 2.0 23, 587 .5 348, 869 1.7 
A A weeds ce ewes 20, 031 1 466 (1) 20. 497 1 
F A 81, 764 .5 47, 438 1.1 129. 202 .6 
Drlftlüg.. O sce dems 1, 166, 922 7.1 90, 376 2.1 1, 257, 298 6.1 
Crosscutting. eee ee 111, $00 -7 10, 787 .2 122, 587 .6 
Diamond drilling. .................. 3, 286, 657 20.1 322. 144 7.4 | 3,608, 801 17.4 
Churn drilling. 535, 423 3.3 113, 473 2.6 651, 895 3.2 
potary A A EES 3,785, 317 23.2 | 2,430, 318 55.9 | 6,215,635 30.0 
Long-hole drilling 2, 313, 212 14.1 53, 620 1.2 | 2,306, 832 11.4 
Percussion drilling.................. 4, 062, 048 24.8 823, 797 19.1 4, 890, 845 23.6 
des g e 139, 947 .9 56, 231 1.3 196, 178 1.0 
CHOP EE eae caste 505, 003 3.1 371, 777 8. 5 876, 780 4.2 
Total is cion ci 16, 361, 138 00.0 | 4,351, 786 100.0 | 20, 712, 924 100.0 
Metals 
Feet Percent Percent 
of total of total 
Shaft sinking.....................-. 23,712 0.1 0.1 0.1 
AAA sh tbo see 288, 706 1.2 .3 1.0 
A AA Ex dec 2- 6. 363 () (1) (1) 
dr A e sk Eee 52. 389 2 .5 .3 
a soc ee 8 922, 766 4.0 6.2 4.4 
Crosscutting `... eee 240, 039 1.0 .2 .9 
Diamond d'illing.................. 2, 568, 807 11.0 4.7 9.8 
Churn drilling..................... 403, 105 1.7 3.4 21 
Rotary drilling..................... 3, 011, 159 13. 0 58. 1 22.1 
Long-hole drilling 3, 186, 652 13.7 6.1 12.1 
Percussion drilling................. 11, 710, 474 50.3 15.5 43.2 
Cc et Geen malas 72, 986 .3 1.2 A 
Other o O Le LL 799, 191 3.5 3.7 3.5 
Totál A iiiaio 23, 286, 349 100. 0 100.0 100.0 


! Less than 0.05 percent. 


TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES 


103 


TABLE 20.—Exploration and development by methods and selected metals in 1960 


(Feet) 
Method 
Metal 
Shaft Raising Winzling | Tunnel- | Drifting | Cross- Diamond 
sinking ing cutting | drilling 
A AS A 36 888 320 195 3, 300 
Copper - EE “ùkI 7. 243 71. 888 14, 695 6,733 | 216,161 5,211 650, 797 
NP 1, 869 16. 802 392 6, 103 39. 831 21, 029 109, 440 
ß! totesescsese 3,756 | 142,982 63 28,512 | 196,852 16,222 | 653,989 
EENEG 1, 128 14, 954 767 4,617 70, 791 6, 498 797, 458 
Manganese ore 120 EE K 1, 590 100 ees 
Mr 647 6, 156 42 1, 287 5, 334 1, 262 7.760 
Molybdenum 329 488 250 12, 008 1, 542 35, 385 
BEE EA Nee GE 500 — 17, 483 
Rareearth metals and thorium. 35 ↄↄ EEN 2 156 50 470 
EE 426 4, 559 140 1, 285 8, 471 4,976 15, 867 
ICI A A EE ð v vy MC PO 40, 157 
LAr BEE ARCA 6, 301 TJ. 6. 430 440 16. 458 
Uranium and vanadium. ...... 5,350 32, 737 703 29,348 | 522,125 39,260 | €79, 185 
JC ⁰ͤ 8, 819 27, 565 8, 193 2, 721 86, 292 14, 874 258, 358 
e AA DERE IJ! -ꝝ 500 
G0) ³·¹ r õ¶⁰ydw y AA 61 141 50 
N! 24,732 | 325, 282 20, 031 81, 764 |1, 166,922 | 111,800 | 3, 236, 657 
Method 
Churn | Rotary |Long-hole} Percus- | Trench- 
drilling | drilling | drilling sion ing Other Total 
drilling 
AAA EA m 8 11,340 |.......... 16, 079 
lf VF 80. 724 134. 356 5. 346 873 1. 445 8, 160 1, 203, 632 
Eee nL EL tee 3, 005 8,812 | 35,552 73,741 65.751 4, 324 386, 741 
r adel. 102,254 | 275,974 53, 363 21, 052 4,610 | 104,060 | 1, 603, 689 
6 EE 280, 597 68, 488 12,747 | 527,098 5, 985 43,008 | 1,834, 226 
Manganese ore 450 5. 000 535 1,7 3, 680 14, 025 
VVV 3, 000 21, 020 6, 450 14, 440 25, 012 6, 281 97, 691 
Molybdenum. mn /// K 231.915 
CC AN e e EE EE 20. 973 
Rareearth metals and thorium. 1) ³ͤ KK 7. 940 9. 871 
)) e EE 1, 490 260 1, 360 282 39, 116 
TIA c eere cs users 4, 920 14,962 boc oe ³ð:ß; A 14, 746 74, 785 
AT O IIA PIE 150,620 | 450, 900 400 631, 549 
Uranium and vanadium. ...... 8, 466 3, 250, 707 |t, 758. 249 2. 079, 995 12,295 | 289.498 | 8,707,918 
7% 46. 887 4t , 947 3, 689 1,534 | 30,624 | 1,476, 993 
deeg E ON a8 2, 040 EN AE IANUE 325 3, 692 
EE 1, 800 / INED 250 1, 250 8, 243 
NEES 538, 423 3, 785, 317 2, 313. 212 |4,062, 048 | 139,947 | 505,003 |16, 361, 138 


' Bauxite, chromite, and platinum-group metals. 
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TABLE 21.—Exploration and development by methods and selected nonmetals 


in 1980 
(Feet) 
Method 
Nonmetal 
Shaft Cross- [Diamond 
sinking cutting | drilling 
ASDO68L08 A E 270 AA “BOO 020275 A ON 25, 843 
Bill ³ A 8 55 385 sidens 1,730 
Boron minerals J EE 1. 145 
J/C»ͤW W... Nr A A 88, 915 
A A EE e P A A AA AO 
Fluorsppaü up p 372 1. 663 210 21, 875 
/ ege 350 1,900 PA ĩð 42090. PRA 4, 
ica: 
el noccslAS DO l.usasicesslecassseeedsemexssaesfh' ..-U- 830 EE 
Sheet... EEN rr ·˙ð⅛I¹ o4 1,515] —. 90 AAA 
Phosphate rock 10.707 J- —B 5,871 
Potassium salt AAA AA EA < BOO SG 16, 000 
AP A A PA EE mn AA 1,050 
Pýrites A A EE rr E 2, 943 
l A AA ĩð EA / ASES APA 
Sodium carbonate (natural) ] 11, 764444 
Sodium E neargl............... Ee 
Stone 8⁵ 3,568 |.......... 130, 042 
Sulfur: 
Frasch-process Wnee...V.ſ, ↄ ] E ð 
Other Mines. ↄ ˙hTn. 7⅛ͤ— mrd MM d . A 
Tale, soapstone and pyrophyl- 
If A ad 140 3, 729 256 5, 087 
Other A A SD dl A ie 6, 934 
Total. AA sacese 2,772 23, 587 466 47, 438 10, 787 322, 144 


Method 
Churn long-hole | Percus- 
drilling | drilling | drilling sion Total 
drilling 
Asbestoss 8.000 62, 568 
Barito EE 3,800 | $54,064 |..........| 5,040 |.......... 77, 828 
Boren mines, lll ðW A EECHER 7, 829 
¡A AAA dede var 19, 918 1, 417, 981 
Set ei EE ER OW EE PR E 6, 960 
e tocata e 1,495 |..........| 980 250] 1,050 |.......... 33, 7^0 
lll. asana 1,000 | 201,840 | 45 3,000 |.......... 233, 697 
Mica 
// A AA EA AR 4, 210 
A O 8 DL UW A A 0 000- AAA 23, 045 
Phosphate rock................ 19, 300 NU AE A AA 146, 364 
Potassium 1 AAA A LIA E EE 43, 790 
Pie verre uide 2,900 . 6, 931 
PYTHON Leod ua sess uua deed ///!!! A 8 7. 100 
I! reseed r A EE 23, 933 
Sodium carbonate (natural) r , 44, 963 
Sodium sulfate (natural)....... 10:044. , A AS GE 13, 124 
O ecco ws 44,557 | 695, 737 817, 203 26, 651 1, 914,078 
Sulfur: 
Frasch-process mines % A ] ⅛”ðͥ—ü ⁵ & A 238, 723 
Other mines D ̃ hh ĩðVWöA EE 919 
Talc, soapstone and pyrophyl- 
Ii. 8 900 5,000 |} 6,500 |..........] 1, 500 27, 749 
Other... A e 5, 040 800 |.......... DO. EEN 16, 244 
Eeer 113, 473 12, 430, 318 828, 797 56,231 | 371,777 | 4,351,786 


1 Calcium-magnesium chloride, diatomite, kyanite, staurolite, tripoli, and wollastonite, 
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TABLE 22.—Exploration and development by methods and States in 1960 
(Feet) 


Method 


State 
Shaft {Raising} Winz- | Tunnel- | Drifting | Cross- Diamond Churn 


ing ing cutting | drilling drilling 
C A , A A AA A 9,672 34,710 
Ra muc 20 2, 177 982 53, 555 6, 12! 
76 7, 424 144, 035 9. 920 373, 732 56, 372 
A ss??? 38 — 3, 484 |... — 1, 530 1, £00 
Caral 22. lll. -lllll- L 353 8, 221 327 4, 820 11, 723 3, 245 56, 021 5, 565 
r ee SE 1,895 | 13, 396 538 17,016 116, 697 12,173 577. 867 5, 861 
Canneceticu l.l... CVVT SS PRA 1. 000 
jj! A EE A E PA A ſꝛ 12, 000 
rr E LOO Hee t oo PER DUNS 8 16,250 ae 
I E PEA PS cae 8 600 |1........ 
RAW ee 320 9, 430 315 1,950 17,296 11, 204 38, 423 23, 600 
MEL A ꝛ 8886 80 1,115 285 4, 900 2, 066 380 24, 148 5, 920 
Il HA AA A A A IS 8 B. 180 1,756 
e AM E AA IO AN Tr! / A 4. 230 1. 354 
J ⁵ ↄ Ü EE ] ĩ W... ⁰—Ä OU A 8 o ces 816 4. 931 
Fntneek!k ies ö 8 18, 020 2, 000 2. 560 5. 200 
III/) U. ⁵ A J;ͤ PA cen 
! P te SAO ee . ĩ EE 13,833 |.......- 
III/ ᷣ ² ⁰ E Z.. 8 2.071 500 
717 ² ⁵ð m ↄ⁵ ⁵ ̃ AA A, E y 8 
Mie E inn 2,317 | 99, 460 60 22, 142 153, 208 8,375 157, 791 3. 400 
o a ² ᷑ 33 2. 946 3 2, 320 12. 224 372 76, 007 41. 139 
Ml! 2, 125 1. 08s 1, 152 40, 756 1, 205 944, 134 | 324, 111 
MANANA EE 747 | 3,903 | 16, 883 5, 382 65, 46; 4, 545 16, 596 15, 447 
NODS A A ³ cM cc KEE eM. EE SUE IS 
NN A 1,248 | 3,056 469 3, 562 8, 105 1, 575 120, 554 12, 365 
New o r CCT Jr; ²ĩͤ Kb 
New Mexico. _.....---------- 3, 889 | 28, 030 441 1, 589 375, 033 25, 301 199, 885 1, 397 
New Vork 394 | 19, 847 77 3, 262 23, 514 853 87,698 |........ 
North Carolina aaa 1, 471 3, 771 15 330 6, 743 892 11, 788 100 
dꝑ. UNSERE EURO UU REESE PA OET 200 20 e Sg 4, 691 1. 976 
Fr A POR, E eee 150 1. 2 
Ët A A 128 540 55 280 330 25 3, 669 2, 950 
Pennaylyania eee 28, 380 9, 450 27, 579 1, 987 92, 172 1, 838 
A: O A AA E A A O EE 135 
South Dakota 8,068 |.......- 1, 116 17, 747 17, 743 75,381 305 
Tennessee. 2,088 | 6,2 36 688 36, 625 $96 | 137,700 | 20,478 
õõ EE ³ y ß AA A 4. 283 10,644 
FFF 1,015 | 20, 620 888 13, 122 77,673 8,478 | 325. 881 6, 790 
Let AAA A 8 £00 106 35 500 AA 15, M3 lucas 
NFC 350 | 6,953 |........ 1, 200 17, 427 1, 508 68, 623 4,819 
Washington. ...-..---------- T2 9, 916 |........ 765 17, 684 4, 727 25, 851 1, £67 
West rl EES, A AA T 100 neces a GE A A 
 Loeonsin. 22. Lees ere 2r 1, 354 3,066 |.......- 460 7,961 5, 849 37, 104 36, 341 
Weocning. l.l. 260 3,067 |.......- 2, 301 65, 386 18. 962 3 
TOM EE 27, 504 348, 869 | 20,497 | 129,202 1, 257, 208 | 122, 587 3, 608, 801 | 651, 89€ 
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TABLE 22.—Exploration and development by methods and States in 1960—Con. 


(Feet) 
Method 
State 
Rotary Long-hole] Percussion | Trench- 
drilling | drilling drilling ing 
Alabama hh EEN 2, 250 
ALASKA. coe cece A 2 5l? NEE 23, 010 
Ann 212. 621 88, 925 791, 758 13, 331 
Arkansas ls! A E tte y A 
California.................... 255,903 | 194,539 622, 229 28, 022 
Colorado — —P . 269,283 | 378, 454 $0, 332 3, 010 
A AAA E ß AA ß 
Florida.. 106. 16777) ...Q 11, 000 
Georgia.....................- 72, 546 )))) O nodum 
Hao coa %% A, PAE 8 
A oe 40, 535 4,790 | 1,359,867 10, 265 
Mines... 2, 313 3, 500 22, £00 |... 
Indiana...................... OOO: evt 158, 412 4 
ÜNWH- c 8 %%% ses Sates A 
Kansas „891 11 WEE 
Kentucky ----a- 00MM 14,221 E A 2, 200 
Louisiana... 119; B02: AA E, d. 8 
( E A EE WEE 1, 000 
AT A AAA A AA 8 
Mussachusettss %%ô§;*—u. ñ? mg mr ana 
Michigan. 2. 663 45, 235 7,669 loa 
Minnesota 138.3777772 8, 473 
Missouri..................... 800, 108 1, 938 409, 124 4, 510 
Montana 814 1:605 AA 6, 745 
Nebraska.................--. 51:000 AA AAA AA AA 
Nevada... 152, 270 9, 227 4, 550 48, 850 
P ð A AA A E, AM 
New Mexſcooo 696, 577 |1,430, 561 | 1,152, 501 2, 286 
New York..................- 13, 900 100 18118 
North Carolina. ............. hr DEE 1, 050 
«/ aaea oes 5,463 |.......... 1,000 |.......... 
AH A WEE 48, 650 2. 460 
Oregon hh A 2, 596 
Pennsylvania 77, 501 9. 637 14 
South Carolina 70, 399 |.......... 20 
South Dakota 29, 150 300 |...--------- 85 
Tennesse 111.412 22. 247 41, 203 |.........- 
e. ³ðVö³ðö 219, 560 |.........- 79. 000 
Uhr EE 75, 419 72, 819 68, 171 8, 080 
Weimann §, 445 F saue cre 240 
CCC 108, 673 110 110 tanda nes 
Washington IA E 101, 307 11, 530 1, 270 
West Virginia AAA IS EE 8 
Wisconsin 11. 116 7, 128 10, 426 444 
WyOming g 2. 132. 023 82, 311 3, 8,070 
Total. .......-..-.------ 6, 215, 635 ¡2, 366, 832 4, 590, 845 196, 178 


Other 


——— — vm ep pm 


— mm — — 


—— o e e m mm mm em 


—— —2 ae 


876, 780 20, 712, 924 


Total 


Percent 
of total 


—. — 
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P © Y» G3 G3 » EAR G3 Ch e Y Gad CO » G3 Cn Qu 


Bane 


— 
©. Së, 


. r. pomp, Ass 
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1 Less than 0.05 percent. 
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TABLE 23.—Exploration and development by methods and selected metals in 1961 


(Feet) 
Metal Shaft | Rais- Cross- Diamond] Churn 
sinking| ing cutting | drilling | drilling 
Beryllium_.....-...------.-- 120 610 230 8,376 |........ 
Copper. TEE 5, 584 | 90, 455 6,041 | 615,487 | 30,780 
ol 
CTT 1, 936 | 19,119 3,610 | 161,507 | 2,143 
Placer 112 200 — 1,036] 315 2355 . 6, 014 
fron oke 1,905 | 86, 754 10,960 | 386,752 | 51,367 
Pro A ree ee eee cere 1, 13, 034 8,378 | 542,373 | 110, 228 
Maneanese ore 20 ]....—...].--.......| 475 ]|........ = 425 200 
Mereu AP 192 8, 529 826 2, 776 6, 494 
Moly bdenum EE 423 417 $13 | 55 2 
JJ cr E ROSE A u ce A 410 
Rares b metals and thor- » * 

Flu E DE CE ccs Loic e 800 
lber wr 8, 387 6, 317 5, 338 E: 108 650 
lirantum..-....-..-----[enIjemibeeee6e4deeuumvbeine------...- Ve | see e 
Tungsten 110 | 7,331 620 18, am) 
Uranium and vanadium.....| 6, 518 | 33, 892 196,004 | 541,355 | 111,126 
EE 1, 480 | 26, 718 7,194 | 187,914 | 60,826 
Other ee 6̊ei 8 12,988 | 16, 708 

Tot all 23, 712 288, 706 ^ 240, 039 |2, 568, 807 | 403, 105 
— —— ——ͤ — —ů — —— 

Rotary |Long-hole| Percussion | Trench- | Other Total Percent 

drilling | drilling drilling ing of total 

Beryllium 49, 920 4. 200 200 6,878 |.......... 76, 472 0.3 
rr 138, 767 26, 008 1, 407 3, 109 2,820 | 1,104, 712 4.7 
Ds 4,434 | 42,442 | 5,337,742 4,034 | 15,160] 5,651,974 2.3 
Placer J la a O RAS 1, 384 30 ------ 13, 637 , , 903 D 1 
Iron ore 589, 565 | 384, 493 314, 756 920 | 265,414 | 2, 252, 869 9.7 
dH 39, 004 12, 376 532, 898 6,278 | 33,397 | 1,363, 933 5.9 
Manranese ore 1, 000 1. Al A DEES 4, 090 — 
Meute. 2, 105 10, 125 616 AN DEER 32, 320 1 
Mely dlenum..........—....]........... 542,108 | 1,972, 409 600 39,115 | 2,636,116 11.3 

Nickel A T / a / EAS me 1, 300 „ 12, 1 
Rate enr th metals and thor- 

EE, A GER ARMA . 1.360 |........ 
SF M DEE 3, 375 1, 500 9, 050 582 86, 225 .4 
Titanium 36, 318 — 222 EE CEET PA 39, 483 .2 
Tungsten 91. 453 559, 130 300 689, 956 3.0 
Uranium and vanadium... "eem 2 141, 690 1, 972, 923 1, 994, 049 26, 240 290, 062 7, 660, 885 32.9 
PANG RA AS. A A 95, 919 995, 307 |.......... 150,301 | 1,611,870 0.9 
G 547d . tea os 36, 721 . 1 

Tt! ee 3,011, 159 |3, 186, 652 | 11, 710, 474 72, 986 | 799,191 | 23, 286, 349 100.0 


! Antimony, bauxite, cobalt, and platinum-group metals. 
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TABLE 24.—Exploration and development by methods and selected nonmetals 


in 1961 
(Feet) 
Nonmetals Shaft | Rais- | Winz- | Tunnel- | Drifting | Cross- | Diamond; Churn 
sinking} ing ing ing cutting | drilling | drilling 
o AE A WEE iu . iene EE . 5, 19 : 
A A WEEN 400 |........ 3, 517 380 "y EC 8, 384 
Boron minerals. 10 T 500 150 vol | . 
AAA 129 96 |........ 5, 300 2, 25 400 72, 222 2. 700 
AAA EE AS A ceterae 12 PP 1. 604. 
Fluorspar................... 606 | 1,0155 3,588 |..........| 28,021 350 
SE Seed 265 | 2,000 |........ 7,550 7, 500 2, 000 14. 54 
ca: 
a AAA 15 A A 240-0. AAA E EEN 
Seek 1 PP EE 725 365 251 300 serge 
Phosphate rock le 4,316 5C0 422 11, 567 1, 554 3, 821 525 
Potassium salts 0202-2- O46 AN PA ¶ = 8 295, 288 |.......... 57 
FC! ↄ ⅛² ES DEN EE, DITE PES VE A 8 
ei E AAA amine „C00 1,206 |...... . 
Ü PRU UNS DOS EE GE A 2, 000 S 80 
Sodium carbonate (natural). 1, 7 o 2777... PA 
Senne n 40 | 4,143 |........ 9, 625 11, 920 2,283 | 138,858 | 186, 925 
Sulfur: 
Frasch-process inn E [one A f ceca EEN 
Other mines: EE E AA, e ore PA GE IO EES 
Talc, soapstone, and pyro- 
phyllite. .................. 100 | 3,747 |........ 1, 552 2, 917 543 6000 
Mir 8 BP RETA 180 120 2, 000 4,890 |.......- 
Niall! 5,393 | 16,117 500 29,011 | 364, 597 9,788 | 276,323 | 203, 734 
Rotary Long- hole Percussion Trench- Other Total Percent 
drilling | drilling drilling ing of total 
Asbestos... . eee M ae 35, 800 3, 500 45, 313 0.8 
Burite.. 5 8. R92: [eec c 100 5, 400 13, 831 41, 026 e 
Boron minerals 8,061 |........ col Astensis cr C 9, 592 2 
CIS  o ose 1,325, 226 1, 500 1, 142 4,255 185, 844 1, 602, 154 27.1] 
Feldspar. ER 8,075 | .... , 000 24 2, 000 81, 833 1.4 
Fluorspar. LL. 9, 765 1, 000 150 1,300 |.......... 45. 795 .8 
Pill 379, 427 91, 208- nce EE 474, 574 8.0 
Mica: 
e ooo ft ieee eerie eno ANN EE N 
SPC RR g DECKEN UN uq CONDI pan ec cena 2, 426 1 
Phosphate rock gk „o GE 7. 955 544 231, 456 3.9 
Potassium salt S AAA A EE EE 350, 640 6.0 
PUDOR. AAA ASS A A 8 2, 000 2,000 j... 
PCOS NR ³⁰Wwwꝛäqbʃʃ eL PEN. AAA Socr ENS. EE 1,316 |....... 
S/ AA Illu A A A 41, 648 7 
Sodium carbonate (natural). EN dd e EN 27, 532 .5 
ao JJ 1, 225, 572 | 357,861 497, 309 15, 130 12,913 | 2,462, 579 41.7 
ulfur: 
Frasch-process mines. 157, 62d28 |] .-.-...... ]---..--... 157, 642 2.7 
Other mínes.... .... ... CAGE A A, AA 8 2,191 1:2: 
Tale, soapstone, and pyro- 
phyllite EEN WE ay 2, 400 „„ erectas 86, 859 15 
Other 1. REN. o 218, 719 1,380 1e ecce 232, 976 3.9 
r 3, 430, 804 | 362, 761 913, 688 71,589 221,632 | 5, 905, 937 100.0 


t Aplite, diatomite, greensand marl, magnesite, olivine, perlite, vermiculite, and wollastonite. 
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TABLE 25.—Exploration and development by methods and States in 1961 


(Feet) 
State Shaft | Rais- | Winz- | Tunnel- | Drifting | Cross- | Diamond! Churn 
sinking| ing ing ing cutting | drilling | drilling 
Alabama ))))! ³ð2A/ 23. 678 5, 201 
¡CO 111 | 1,804 4 42 (R e 62, 819 5,304 
ATION ² AA 3,756 | 83,591 280 4,074 | 153,501 21,539 | 453,274 | 28,072 
TO A 4504 3, 257 368 $20 oie cec cesta | oe 
Calmes cas 1,357 | 10,555 638 4. 790 16. 791 5, 909 72, 472 6, 345 
G eee eas 5,792 | 14,684 | 1,277 9,532 | 137,924 6,571 | 529,212 4, 907 
or E EE EA AA E, air ten egest. EE 500 | 20,277 
Fl AI AAA ME RA OA NINE MEME 3, 892 2, 000 
OTE t: EE 1007] 52-2: res SAA (ni SAONE EE 500 | 114, 500 
III EE ⁰¶ðydayme ee Bete ͥ⁰ ve A TUN 1,012 
dli. ce o dec dd o EE 2,962 | 11,287 | 2,015 722 28, 007 12, 731 45, 534 
6 ae hw Sel 406 | 1,100 2J0 700) 3, 040 250 26, 343 9, 065 
A EE . é 6,0000 — 2, 000 16, 257 6 

(o Ee ù ↄ ͤ d O m.:; ñ̃ð y AA ð ß APA 3. 0 358 
JJ IC MAA CREER. CUPS ꝶm; KEE EE IA 1,000 |........ 
F... cl A E GEES 1, 570 1,148 e 13, 659 350 
Louisiana. JJ]... 8 
! EE, E EE AN PA 8 13, 87 
IEC EN ³ / ͤ ͤ¶Kôßͥ ]˙· W EA EE 18025 
Michigan.. 3,040 | 53, 561 13,981 | 114,399 3,348 | 101,773 0 
A AA NA MA 10, 119 50 „864 | 16,698 
ME SSISSIP EE | Saat · ¶ rr: dd AA, t O 
FFC 842 | 1,484 |........ 7 30, 842 662. 851154, 046 
Montana —??' 1,147 | 3,044 754 2, 521 15, 391 2, 153 6,018 |........ 
Nebraska EE A A A PM AA, AAA N 
NA aa 1,251 | 1,542 224 1, 474 10, 403 686 40, 797 9, 235 
New Hampshire............. ITT 40 65 T 
PO] PR DOR A A 855 665 5 
New Mexico 447 24. 60 456 1,461 [ 482,608 | 174,374 84,259 | 108, 147 

New Ork 360 | 12,949 |........ 4, 894 14, 339 944 52,133 
North Carolina 495 | 3,967 |.......- 3,782 3,742 753 4,270 1. cence 
PUTED CH A AA ⅛è, mmm ð WEEN We cues sn EE E 
EES p»: EE AA A 2, 20) 575 14, 856 1, 264 
Un A EE 7 1. 567 210 1, 130 5, 410 
Pennsylvania 24. 858 7, 980 24, 145 1,214 91,884 | 16,128 
111! WEE MEA. AS OS ARA y CES ETUR 
South Dakota 10,203 |........ 670 33,306 MISI 92,757 EE 
¡TITS 43 | 5,152 27 1,40 32, 552 |. costes 66,895 | 14, 988 
PNG MORIR MAE MATER. A A A comae DE, PNE 1, 130 3, 000 

RE 2,969 | 16,370 988 5, 591 73, 004 6,855 | 153,445 
Vermont 601,900 450 o 6,509 — 
JJV 250 6. 433 700) 19, 935 900 77, 531 4, 725 
VCC 4,389 |........ 25) 19, 769 827 30,046 |.......- 
(( ONERE EE DE EE, DE npa ACUMEN KEE 
Wisconsin... LL Ls cesser. 271 | 2,456 |........ 1,522 8, 095 6, 020 72 | 67,345 
Wyoming. 2. 180 [ 5, 662 1, 390 47,162 699 3, 354 230 
Tola a ieren me 29, 105 304, 823 6, 863 81,400 1. 287, 363 249, 827 |2, 815, 130 | 666, 839 
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TABLE 25.—Exploration and development by methods and States in 1961—Con. 


(Feet) 
Btate Rotary |Lone-hole| Percussion | Trench- | Other Total Percent 
drilling | drilling drilling ing of total 
Alabama. J))));;” . 8 39, 895 68. 894 0. 2 
Aa A ĩ K A o cS cad 8, 152 2, 590 85, 172 .3 
Arizona 251, 567 48, 052 7, 709 3, 284 100 | 1,059, 462 3.6 
Arkansas. ))))! K 88 8.677222 
California. 117, 256 158, 172 633, 055 §2, 330 19, 146 1, 098, 816 3.8 
Colorado 351, 262 778, 285 2, 103, 518 26, 026 190, 595 4, 159, 585 14.2 
a o AA MER EE ER LN 26,7 .1 
Flores h E EE 4, 500 2, M4 49, 706 «2 
Georgia 318, 239 GOO EA WEEN 27, 773 464, 312 1.6 
FAW VEER ) A 20 54, 032 .2 
IEN rcs 8 85, 103 9, 337 1, 445, 588 5, 870 146, 025 1, 795, 831 6.2 
AS A 9 // eene 6 45.776 .2 
Gianna 4 214, 766 6. 290 246. 449 .8 
¡A O „ A E 2, 000 50, 631 .2 
Kansas SE 7770. ͤ 73, 656 .2 
Kentucky 216. 065 1811 8 1,600 |.......... 234, 410 .8 
Louisiana fh; A EE 148. 165 .5 
PCI A AN ] ÜÜ ]] A E A 13, 8672 
MN ³o¹wmJ ð -A ³ↄ / 1880 
Michigan 232,346 | 384, 193 309,918 A WEE 1, 216, 6^9 4.2 
Minnesota... 29, 84 DOS sis 221,418 370,738 1.3 
Miss ssipp li.. e ß WEE N 
Missouri....................- 1, 347, 271 659 19, 020 5, 000 49, 819 2, 271, 832 7.8 
Montags? A 5, 250 430 6, 820 26: 43, 785 .1 
Nebraska. ü ³Ü¹Üd ade ee ees 4. 616ʒ— 
Nevada....................-- 235, 178 9, 063 251, 199 4,671 4, 644 570, 367 2.0 
New Hampshire.............]..........|.-........]............] 302 e 
New Jersey r . EE DEER 34, 833 .1 
New Mexico 631, 221 |1, 538, 683 1, 513, 732 910 41, 796 4,62. 724 15.8 
New York...........-....... 70,544 | 29 |............|------...- 2, 100 158, 372 .5 
North Carolina............... 237,495 |.......... 63, 560 2115-1552 22d 317,179 11 
North Dakota. / RA ore A CB AN 
o 8 7, 677 Obs 8 27. 445 1 
Oregon 1. 150 76, 000 52, 504 3, 748 5, 850 147. 644 .5 
Pennsylvania...............- 6,750 237, 378 113, 661 |.......... 510 524, 518 1.8 
South Carolina 5 %%% A NEN 802 53,119 .2 
South Dukota................ 6, 100 5,612 4, 782, 299 222 2,000 4, 933, 169 16.9 
Tennessee 159, 818 4, 081 66, 162 6, 255 153, 628 511. 301 1. 8 
OXAS 8s acct cee. 246, 736 |.......... 10,948 |.......... 1. 500 263. 314 CH 
Utah OA 144, 93, 508 5, 453 6, 760 45. 163 555, 319 1.9 
Vermont. AAA EE 1, 50 F 2, 217 N. 445 .8 
Virginia... ele 79, 004 259 10, 000 300 |.......... 2X), O48 27 
Washington 2, 518 80, 401 516, 528 5, 147 731 669, 666 2. 8 
West Virginia III.. 8 I 
Wisconsin 155, 587 4,278 14.987 |.......... 322 321, 535 1.1 
Wyoming 1. 048, 529 105, 832 353, 614 700 51. 671 1. 621, 023 55 
CCC 6, 441, 963 E 549,413 | 12, 624, 162 144, 575 |1,020, 823 | 29, 192, 286 100.0 
TABLE 26.—Exploration and development of barite, by States 
1960 1961 
State 

Feet Percent 

of total 

AFC õ³]ꝙ⁰iͥÜq ĩðK A 5. 403 7. 0 

%%% ĩ³1W ꝗ Z ::: . EE 15, 000 19.3 

III/ 0⁰⁵³oÄBAA A ed ee ce aed 3, 800 4.9 

E A AI y eg, 8, 668 11.1 

a E A A EN A AS 466 : 

FFC EEN 39, 152 50.3 

A EC 4, 000 5. 1 

... ³ĩÄ-•-“ͤ ³ĩðVͥj ĩðͤ y ͤ EE 1. 345 1.7 

Total A cane coude E M. 77, 828 100. 0 


! California, Montana, Nevada, and Washington (1961). 
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TABLE 27.—Exploration and development of copper, by States 


1960 1961 
State 

Feet Percent 

of total 
777 ee ee Dc E A ELE 674, 911 56.1 833, 104 75.4 
B OI NCC E E Cn E ODORE ER 21, 145 1.8 16, 978 1.5 
ah Orso EE A A p ERR 14, 026 1.2 2, 105 .2 
1 TS AS cepe TIE 8 Hte E 43,771 4.0 
o EE JJ 
ee ß a eee he ete 98, 591 8.2 1, 409 .1 
J! rus ͤĩ 92, 219 7.7 17, 130 16 
Rd o A x des o ^ i 2 998 4. s 

A: EME A e a ; " : e 

EE 450 3.9 45, 085 4.1 
jj EE ĩͤ 36, 378 3. 0 84, 701 7. 7 
Pf! ĩ ĩ˙vÜu.ͥ ⁰ͥ ꝗ—% y aa Dia a 32, 841 J VE 
E A . A A 8 1, 264 .1 6, 601 .8 
Total AA x 1, 203, 632 100.0 | 1,104, 712 100. 0 


Idaho, Maine, Washing ton, and Wyoming (1961). 


TABLE 28.—Exploration and development of iron ore, by States 


1960 1961 
State 

Feet Percent Feet Percent 

of total of total 
AE IN 88 83. 877 5.2 65, 493 2.9 
ir EEN 28, 876 1.8 15 RS 3 

Irt WEE DE EE BEE i : 
f; ³˙¹¹.¹W¹1 NUM 88 5. 000 . 3 28, 480 1. 3 
7 ͤͤ0y0ͥ ]ð y ⁊ð y la tot cae d 411, 603 25.7 926, 290 41.1 
l ᷣ V0. O atte hoe 359, 27 22.4 342, 378 15.2 
ET ĩ h ³ wt; yt 8 127. 756 8. 0 602, 034 26. 7 
SE ͤ K 110, 000 6.9 36, 495 1.6 
NO VG A 24, 332 1.5 7,175 .8 
Pensylvania. sd tke Utena heart TERES, 111, 422 7.0 93, 067 41 
Qt Mp a ne nan ã Sh NNO 8 48, 721 3.0 69, 176 3.1 
)))) ku 245, 680 15.3 4, 374 i2 
hi EEN 30, 977 1.9 19, 775 .9 
ama clim m d A E 14, 284 .9 16, 063 Ei 
REENEN EE 1, 882 .1 6, 091 .3 
d GEET 1, 603, 689 100.0 | 2,252,869 100. 0 


! Colorado, New Jersey, North Carolina (1960), South Dakota, and Virginia (1961). 
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TABLE 29.—Exploration and development of lead and zinc, by States 


1961 
State 
Feet Percent 
of total 

ATIZON E EE 7 13. 818 0.5 
ae y e 38, 576 1.3 
l ott -- A ce ee ⁰ NUES E 1, 390, 645 42.0 1, 643, 445 55.2 
Fl ³ / ³ĩðVK y 10, 203 . 3 18. 605 . 6 
III ⁵ðV;A T LL QR e ĩͤ K Sheree 4, 931 )) 
JJJJJJJÜ˙⁵³p mn ASA E 1, 141, 034 34. 5 686, 104 23.1 
er ⁰ 13, 630 .4 9, 253 .3 
ING EE te cee ⁊ðé ß ĩ . EE 54, 487 1.7 34, 417 1.1 
e 34.072 1.0 26, 372 .9 
New York -AAA RN RERO HERR 58, 310 1.8 47, 587 1.6 
. 6. 646 e EE ĩð Re 
Pn en“... 10, 560 .3 19, 691 7 
F ͥͥͥͥ ⁰¹uůêt y 203, 189 6 1 135, 553 4.5 
rr ⅛%ÜW ũ% ' ᷣͤßhꝙ T...... 8 126, 886 3.8 82, 889 2.8 
( sc ea EE 35, 553 1.1 88, 902 23 
hh EE 113, 780 3.4 89. 334 3.0 
A AA A A 8 40, 409 1.2 58. 955 2. 0 
H ⁵ ⅛ ² ⅛ĩð2.? %ð ðͤ ⁵ð vv m 3, 220 . 1 2, 207 el 

o A e pte Aoer E ort of 3, 311, 219 | 100.0 | 2, 975, 803 100.0 


1A laska (1960), Arkansas (1960), California, New Jersey (1961), and Oregon (1961). 


TABLE 30.—Exploration and development of phosphate rock, by States 


1960 1961 
State 

Feet Percent Feet Percent 

of total of total 
rr A A EE 8, 97 6.1 18, 911 8.2 
III ³]¹»d¹.. 48, 840 33. 4 76. 285 32. 9 
r ³·ð¹-•iꝛ. y et aa 17,179 11.7 14, 360 6.2 
TP ANN EES 60, 000 41.0 116, 750 50.5 
1 Gj AE EE 8 11,366 7.8 5,120 2.2 
TJ: 146, 364 100.0 231, 456 100. 0 


TABLE 31.—Exploration and development of sulfur, by States 


1960 1961 
State 

Feet Percent Feet Percent 

of total of total 
11öÜ˙ãñ y E RA 019 0.4 2, 191 1.4 
l ↄðV ð ͤ A Ee 179. 302 74. 8 144. 101 90. 1 
17 ³˙ y ĩ ee a 8 59, 421 24. 8 13, 541 8. 5 
gl A ³oÜ¹¹- -m RÓS 239, 642 100.0 159, 833 100.0 
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TABLE 32.—Exploration and development of uranium, by States 


Feet Percent Feet Percent 

of total of total 
RONG SE 1, 004, 450 11.5 188, 392 2.5 
Colarad EE 1, 463, 553 16.8 | 1, 486, 329 19.4 
NeW e AN ee oe 8 3, 769, 535 43.3 | 4,152, 242 54,2 
ie 8 31, 956 , 4 6, 770 wl 
///. eu EE 251, 833 2.9 280, 295 3.7 
o lo ooo ee II A 2, 147, 891 24.7 1, 520, 466 19.8 
EE ee dE 32, 500 .4 25, 191 .3 
dk WEE 8, 701, 718 100.0 | 7,659, 685 100.0 


! California, Idaho, Montana (1960), Nevada, Oregon, and Washington. 


TABLE 33.—Exploration and development in Alaska, by methods 


(Feet) 
Method Gold, lode |Gold, placer} Iron ore Total 
1960: 

, ß O 2 2 N 170 
Buil eee ee A % ee ee Ss 3, 974 
Tunneling. . DI AE 0 at seme 20 
Drifting. Zieser cts O05 Wes ee AA 2, 177 
Crosccutt ing 77ö»»ͤ;» ro ß ĩðx ß pff etc 982 
Diamond drilling 17. 0244 24. 081 — 53, 555 
Churn drilling 1, 330 1, 75 6, 125 
Long-hole arise 3 nce 2. 517 
Percussion drilling 1,040| 1.420 18, 200 23, 010 
Ji: ³⅛V, qr ³ vy ⁊ ß ee! III 5. 231 

rtr uenisse: 19, 629 28, 876 97, 761 

1961: 

Shaft sinking 2 rr A Be, ME ARA 115 
Raising est cese ene B EE AAA WE, Cé DEE 1, 804 
Tunneling "LP MEME 42 
Il AAA ee ee cedet ced Vers BIR ERR 623 
Diamond drilling......... 44,583 |............| 16, 888 |_...-....... 62, 849 
Churn drilling 1489| rr AA 5, 304 
Long-hole drill ing rr 3,753 |2000- 3, 783 
Trenching...........--.-- 240 | 8019 EE GER 8, 152 
GGG ²«VWVↄ— ³Ä-! A " ð v ·• ete ee 2, 500 

i oS oe 46, 335 85, 172 


mony (1961), lead (1960), molybdenum (1961), nickel, platinum-group metals, silver (1960), and 
e. 
! Includes winzing. 
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TABLE 34.—Exploration and development in Arizona, by methods 


Method 


1960 


Drifting.. ............... 
Crosscutt ing 
Diamond drilling. ........ 
Churn drilling............ 
Rotary drilling 
Long-hole drilling......... 
Percussion drilling........ 
Trenching................ 
Othor. lv St eteree 


1961 


Dfihhin ns x 
Crosscutting.............. 
Diamond drilling 
Churn drilling............ 


Ro 

Tong kole drilling......... 
Percussion drilling........ 
Tren ching 
Mer, 


(Feet) 


— — — —— —— —. | — | ED 


—— 22 — 


—— e e o e eem ele see e a . M ,l „„U 


——— ꝑ e wm e ee le ee e o e se e om es a ele ee es e om mm ms 


mp e og eg e e enge el e es e zem ͥ e aal eege oe sg em sel e ee o oe e em em e me 


——— e e e e e e 2 


gen ——— — | e n — ñññññ — ʃ Eo 
——— — — A —— —-öä—uw‚—ñ—— — — — 


—— —— mm o 


—ͤ——ñä—— e mm e ez sl ses ze e e see el ze mee e oe ——41 ＋* —E 22 


13, 818 


Uranium Other ! Total 
782 70 6, 043 
2, 604 270 67, 993 
45 31 76 
4, 056 1, 7, 424 
11, 658 231 144, 035 
3.343 A 9, 920 
7, 247 211 373, 732 
56, 372 
149, 880 212, 621 
37, 049 |.......... 2% 38, 925 
787, 800 3, 000 791, 758 
12, 481 13, 331 
510 
1, 004, 450 17, 967 1, 722, 740 
„ 3,756 
2, 409 |...........- 83, 501 
S 280 
2, 600 22 4,074 
7,120 130 153, 564 
14, 660 |............ 21, 539 
7, 000 18, 872 453, 274 
550 672 
119 47777 251, 567 
500 mue 48, 052 
6,376 |........... 7, 709 
leg 3, 284 
100 
188, 392 20, 474 1, 059, 462 


1 Asbestos (1960), beryllium (1960), feldspar (1961), iron ore (1961), mercury (1960), rare-earth metals and 
thorium (1961), silver (1961), stone, and tungsten. 


115 


TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES 


(0901) ummpuo21;z PUB *(1961) mins “(1961) 19ATIS (vi) 31e9 "mom PUB spejour (3189-3181 SONAL “(0961) espumd "eum *e10 gon “ansdA3 *o3jurojerp ‘uN TAFE “je : 


O12 ‘860'T | 86 v6 | OIT‘TS | 928929 | Ize'T 68696 | c69'6 | SI8‘er | 902 O | SEAS LEA: OR. Pa = 0. 
3-5 hee Sn EC) RRA pastes eee OST 08 yA AER Eee fl || ll keete AS DRO 
ERA EE E gem IO OF B E E, ET EE 
geg 1 E, EE EES e MORIR: rg — — Jupp ptem ei 
NIE. KEE 00009 | 662 '£ orr 099 094 URL ` Ee HEIN Mg eres 
ERAN) peo cg ber 1c | 190% 909 aH 008 902 '8 700 . sant mon 
géie Dt Lat SE ART SET AS Mee be 809 / © Poe ne = 4 oes. a UA 
"oW [U——-— 068 Tel MEE, qoe £98 "eot [ESL [00 ap 3uyljip puoureyq 
Ele 001 08% OST 9cy OF 120 7 A E al FEA AGA A 3u19)10058019 
780.4 coL CH 009 148 7 S91 CoL 'C 09% "I ME O EA RAS wellst 
E 691 d "Dé 001 808 ‘Z £99 . 
Eer de Ee Ee, 10€ 96 LEZ dc EE e 
909'€ — | 00€ 006 091 mut — | 0c 988 ‘ʻI , e adit Zut 
KE FTO PE ee a dE OF a E. SL 85 org 09 ALT? E D E ie 
‘1961 
908629 (ott | vrstosz Test  |688'lz | OZ MECH LE Jee DNE SE BIOL 
D ee [d ERE D. AR Ee fh...) Silke Kater, a 
PAL 008 00€ ra `. A TI retten E ` A AAA PA NN OS e 
000% 0%, |^ 77 MI. ARTES AA ER SAA A A Zuup uon 
Gb. 021 .. UE: ena eS [uM 899 006 ‘T r Jup ejoq-3uoq 
¡AAA KEE mat | 916'9 (ee .. 00 008 '6 099 ‘9 o00'8 . sap 430% 
om TR AA A AOS ent Tae 998 008 00% „ Bn a umqo 
KIEM 200 erk (ue qI- 00% We JE Rie UP Sand puounnd 
e. prr 6v8 08€ A" ac 989 GUA. iir E AEREA EAS IRA BUI} 00958010 
GK oge 08% GE | z EE: 108. duAS UR A A ¿un mua 
AAA 96 08 E A e dou e, ²˙ AL 
DE ET e RT 021 r 0£ Oft RUS cuocqesde! EA ERA ATA eR RR gg, || 
e EM ETA E ATA 807 DI 091 as. LOU PERE EA ae er Zut 
Tar OF Sree ti d. "Te TWD clecschumebiieal ath e ees SEENEN 
0061 
AU s[uaougur 
978100 səd 
30, | 1290 [urmquva n juesdun y, emie oug pue [Amomjq| oup pus | zoddo) | sët |sojseqsy poo) 
-duos ‘spos -PUI ,9pot 
‘VL "usmod Diop 


(199.4) 
spoqyeur Aq ‘wyus0z TVD Uy 3ueurdo[oAep PUY Oopgi0tdrg 06 TIGI 


Digitized by Google 


116 MINERALS YEARBOOK, 1961 


TABLE 36.—Exploration and development in Colorado, by methods 


(Feet) 
Method Beryllium Clays Copper | Gold, lode | Lead ane 
and placer 

1960: 
Shaft sinking: solos ↄ . 10 114 25 
III ³ÜW Au ⁰ A EECH 107 1, 657 6, 569 
rr; AA ASA 8 45 120 
Tunnels. 90 1. 073 4, 670 235 953 
Drifting... ul 8 170 600 757 5, 593 12, 964 
Crosscutting.. > TO A 1, 032 208 2, 502 
Diamond drilling .. 245 7. 073 1. 708 12, 067 
Chur ege ͥ ͤ e ¾¼mVVVVVmꝓYꝓwVꝓVꝓYꝓ ß eta NEE 
Rotary urls 8 2 AN d acu suus ͤͤãſ a cau s esca 
Long-Nolé-drilline AAA e AA 337 50 480 
Percussion drilling ggg Seier 28 346 noch eee le 
TTONCO DR cos aa 415 200 J hence Paces 
81911.) EE E, A 8 3, 076 3, 987 
rf Ee 745 4, 336 14, 026 13, 032 39, 667 

1961: 
Shaft sinking.....2.0-0.6.-scvecccece le 120 EEN 25 245 56 
RAISING se oa ee oe O 340000 22 215 1, 795 5, 234 
A A dwtrssemud 0 TT 44 150 
ines. EE 190 decadas e 705 1,625 
A A 510 1, 000 615 5,127 14, 227 
S lll. 8 85 266 2, 828 
Diamond drilling...............-......|.-- 2... eee 28 1. 180 9,755 
SAN AA WEE d EES 105 
FRA!!! A AS WEE 1,000 |e ccc a 
Long-hole drilling..................... 0 1. 000 174 3, 108 
Percussion drilltng. J A 580 750 
e y DR RU eU E 1,300 |. —8 165 1, 156 740 
o EE, reme ESA AA A é 
A A 6, 710 1, 458 2,105 12, 252 38,576 

Molyb- Stone Uranium Other ! Total 
denum 

1960: 
Shaft sinking. 2. eee S 1. 303 114 1,895 
TOS MM io 367 320 3,633 743 13, 396 
ß A IS IO EE I 538 
r A QO A 9,725 20 17,016 
Feli 8 8, 924 403 81, 099 3,187 116, 697 
a AAA ⁵ðͤ A 7. 561 800 12. 173 
Diamond drilling“ h S A 540, 595 1,094 577,867 
hub. 8 ie 5, 861 
Rotary a eee tie 75 261. 474 1,841 269, 233 
Long-hole drilling 181, 913 520 195,154 |............ 378, 454 
Pri, 8 89, 0552 90, 332 
Denen gggsss GE 100 1,715 540 3,010 
PHH! ³ðͥ E, 259,074 ER 266, 137 
Ne EE 206, 868 2. 093 1, 463, 553 8, 339 1, 752, 659 

1961: 
Shaft sinking.........................- „„ 4. 813 110 5. 792 
aisingzgz z C 185 350 6,35) 215 14, 684 
ett, lee dd 88 1, 023 20 1,277 
¿AAA PA 8 5, 229 1, 903 9, 652 
EEN A aeaa adet aUe 21, 957 350 93. 7. 402 137, 921 
Crosscut ting DM Ne pecore iS 80 3, 193 119 6, 571 
Diamond drilling: 23, 000 2, 564 490, 680 1, 765 529, 212 
Churn Er Lett EE è 8 4 NI AS 4, 907 
Rotary drilling. aa c wan 1,160 346, 202 2, 900 351, 262 
Long-hole drilling 542, 108 700 6. 99 7 778. 285 
Percussion deiUug. 1. 972, 409 |............ 129, 299 300 2, 103, 518 
nnn. D A 22,525 180 26, 066 
Me...... 8 ei EE 151, 40 190, 505 
ll! ³ð³A 8 2, 599, 197 5. 2041. 486, 329 7, 914 4,159, 745 


! Fluorspar (1990), gypsum, iron ore, mica (1969), pyrites, rare-earth metals and thorium, silver (1961), 
and tungsten (1961), 
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TABLE 37.—Exploration and development in Idaho, by methods 


(Feet) 
Gold, Phosphate 
Method Copper lode and Lead rock Silver 
placer 

1960: 
Shaft AAA, nce 905] 0 175 
A A 20 200 2,888 |... 4, 354 
STE e EE 7j rr E 
Tuning b auE 33 462 E eterna DE EEN 
Hl 8 442 6,328 |............ 6, 589 
ent 8 216 E A 4,741 
Diamond Ee nns a 10, 105 3, 14, 667 
Sar A E 19, 300 |............ 
Ro FFII ¾ K e 8 23, 9410 
Long hole drilling. -.-----2----------0-|-------0-2-- 125 za i PERA 1, 175 
Percussion drilling 50 525,004 AAA aces ed 
AN 1, 515 100 1, 800 100 
[911,73 AA EE 107 10 207 
Total..nilnslssemeueeSdecuse e deaur 78 8, 212 554, 207 48, 840 32, 008 

1961: 
Shalt sinking... 22 ooo AA 40 1050 8 2, 817 
BFI ³ĩð2A ⁰y 8 220 2,805 Vise peace 5, 937 
Ill 8 JJ! GEN 
O AAA 8 100 135 yd DEE 430 
„ 300 365 7,423 |...--.------ 14, 362 
Crosseutting: AMA eege Aere 110 r 4, 910 
Diamond drilling: 400 300 11, 135 3, 000 22, 754 
Sn ri E, PRO ß Ee 
Rotary lr. A E 88 71, 88595 
Long-hole drilling 6000 — 5. 9 2s 1, 875 
LEE e TE E E , EE 
AAA E 5100 1. 400 3, 430 
E!! ³o»W6] %˙»d A 450 S 132 
„ eset ste e ete aa 1, 400 2, 160 566, 210 76, 285 56, 647 
Uranium Zine Other! Total 

1960: 
Sil ³K m Sei 320 
J6Vö .... PA 1,973 EE 9, 430 
Ill; ³⁰˙·¹wmꝛm ⁰⁰; EE I 315 
Ff ³ð / A D umect cir 86 90 1, 950 
A ß ee co e ere 646 6, 20D EE 17, 296 
lll 8 „ 090 11. 204 
Diamond g. T 8, 801 1, 050 38. 423 
nnr · e 3, 800 23, 600 
Hotel dece S EE 16, 000 40, 535 
Eos hole Grilling: sssssss...u 300 905 A 4,790 
LR AAA A 819, 383 14, 440 1, 359, 867 
Feri... r ee eee 6, 850 10, 365 
% ↄ²ü ⁵ð³ſ//ſ ⁰⁰⁰ðꝙyqaͥeddddͥ õ¶ͥyd cM UE op 454 
gd WE 1, 541 836, 438 42, 230 1, 518, 549 

1961: 
, A A PAP A A 2, 962 
1 R soe cea o eeu 80 2,115 40 11, 287 
JI! B.:. mm.. 8 1, 975 —— 2, 015 
HR A A AN WEE A E 722 
Drifting ARCAS E S 180 5, 947 30 28, 607 
Fl. 8 764 130 12, 731 
Diamond drilling J) 8 7,995 AAA 45, 584 
Fh A AA A A O 
Ro III... O A RA 13, 218 85, 103 
Long-hole drilling. P .. 1 S 9, 337 
Percussion his. see ens. 911, 503 1,616 1, 445, 588 
F EE e WEE 5, 870 
JJ ⁵ 8 145, 313—— ----- 146, 025 
we, WEE y sues se too eee 860 | 1,077, 235 15, 034 1, 795, 831 


V Tonte GC clays, mercury, mica (1960), pumice (1960), rare-earth metals and thorium (1960), stone, 
and tungsten (1961). 
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TABLE 38.—Exploration and development in Missouri, by methods 


(Feet) 
Method Clay Iron ore | Lead-zinc Stone Other ! Total 
1960: 
Shaft sinking.............]...........- 2, 007 A GE 2, 125 
Raising 322 l 34 A kbĩ 1,088 
Tunneling m 1 8 1,000 |............ 1,152 
, 2 WEE 2, 656 88, 100 |......... „% » 40, 756 
Crosscutt ing 7 8 1, 205 
Diamond drilling......... 72, 351 83, 149 778, 531 15, 103 |...........- 944, 134 
Churn drilling 11, 626 34, 043 271, 430 1,012 |... oes 324, 111 
Rotary drilling 772, 881 15, 871 11,356 |............ 800, 108 
Long-hole drilling 1, 898 AO IRA 1, 938 
Percussion drilling L 104 408, 000 409, 124 
eing. E ERE /// GE ⁵ 4, 510 
EE, A DE 31, 978 1, 080 8, 608 41, 726 
Noll! 8 856, 858 127, 756 1, 141, 034 437,611 8, 668 2, 571, 927 
1901: 

Shaft sinking.............]..........-- Jö EEE ep MEME 842 
EEN lev exi // c NUR 1, 484 

TUNNCIING EE 3? el EE A EE 
Drilting ns AOS 196 30,040 liocaniciona locaciones 30, 842 
hr AAA ⁰ͥ⁰ ⁰- dd d A IPP 
Diamond drilling 62, 210 77, 723 509, 90 22 12, 988 662, 851 
Churn drilling 31, 068 108, 413 107 14, 458 154, 046 
Rotary drilling........... 853, 000 490, 000 2, 791 1,480 |............ 1, 347, 271 
Long-hole drilling. |]. ----....... 650 |. esseri un 650 
Percussion drilling t 19, 0000 19, 020 
dd AM AA AI 8 5, 000 5,000 
GM.. A 1, 901 33, 137 950 18, 831 49, 819 
¿e A 915, 210 602, 034 686, 104 22, 207 46, 277 2, 271, 832 


1 Barite and cobalt (1961). 


TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES 119 


TABLE $9.—Exploration and development in New Mexico, by methods 
(Feet) 


ege reene — op 
-—— oe e o e ep e 
Seeee ee @g 2 dene Teeneaenee ene ee leeageenengre ege ee ee lee eeaee erg e et erg 
————— "————— e ep le ee e e om e e e ep ep op 
rr rr ee ep eme em 


ep epengra deen ep ee 4 42 222 — 2 e e e ze Io ge a IL 


wm e ee ed — 2 
eëepengbaë deg ge e -—————ÀÀ d d ot — m 
ep en eeben e er gr gr gr ep e ep ep le e we e o ep e — ep 
KEE KE ECHO 
222 „%„% «% „%% % 9% | 22402 


we ep e e AA ep ap e e dr en gr e gr d op ep e e e e gr e op ed gr ep ge em e em lee 2 a en ge — La 2 wem — e ep e 
BOSS ap dpeaD one gr 4D af op éen D up er op en p m p gr D gr ep b o D e e e gr a em ge ep e 
Abl E or E opt e em e — eV —2— 2 — 22 — ee 
e gege eae ee ewe — — 9 2 — — 2 — gr ep em 

e wë gr ooo mp 


—— ee ep E emm e ͥÄͥ'VmMN e e em E rr 


1081: 
e o om | — 22,215. 
LO ZING AMA 
Tunneliag ge —— — — —— 
e ß See zà 
Crosscutting...... 32 ͤ 8 ee 
Diamond drilling... .- — ee 
SE A AA A eee coei e 
Long- EE 
Percussion EE AR E TCC 
Og AAA s 
Total. 236ͤ»e˙ „„ „„ SOPA o o». wë e ge e em at e mem 


e ern, manganese ore (1960), perlite (1961), pumice (1960), rare-carth metals and 
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TABLE 40.—Exzploration and development in Utah, by methods 


(Feet) 
Method Clays Copper | Fluorspar | Ironore | Lead-zinc 
1960: 
Shalt eh et E, EEN sasasta ii DO Weber 368 
RISING. EE 100 200 QUU AA 9, 937 
e ß EE 6 „ 7 
Tunnels ⅛oWmA». d 1. 641 
Drift ing Jͤͤ Qui EM I 384 6 3 31. 560 
CrossQuttlng.. gs na E 371 AU EE 86 3. 436 
Diamond drilling: 34, 096 1, 500 240, 500 19, 007 
Churn drilling......................... A GE A 450 
Roa i. 8 1,9700 „% 5, 180 10. 324 
Fon elt sssgs.....r. é 7, 304 
Percussion g... ⁵ð ðè ⁵³é ]èͤ d y EE 30. 242 
Trenc hinf s‚ss‚s‚ EEN 60 1,000 |............ 1, 090 
A A A DEE E EE 10, 980 
NA ee wer 5, 855 36, 37 3, 240 245, 680 126, 886 
1961: 
Saat“ ⅛ K B A E 853 
A EE J = 10, 563 
Il C ))) AA 332 
F. ( —T— ceste 2. 047 
FI: ð K EE 1000 —— 22. 716 
%% MO ̃ ͤ A ã yd EN 1. 603 
Diamond Grin g agesate 84, 135552 3, 012 15, 259 
Churn drilling me e E e )J! K EE ĩ 
Rotary iini ( ⁵ ³ ĩ-½ E 100 1, 332 12, 183 
Long-hole drilling. AAN AA ⁵ TT 8 17, 333 
Percussion Grilling. .., ]ð n ³ . d cece EE T 
Trenchlüg 22:46 ß PA % PA IA 
Cf A A A A ASA A EE 
Total JJ ĩͤ AA UE MEE 200 84, 701 200 4,374 82, 889 
Phosphate Stone Uranium Other ! Total 
rock 
1960: 
Shaft e AAA E, neo ue DE 577 20 1,015 
Rags 8,489 |............ 1, 599 75 20, 620 
lll... 8 „„ 888 
Fk y y sts eR Edks 11.421 60 13. 122 
Hfiiii A 2, 877 11 42,355 60 77,673 
Fl WE, RA C 8. 478 
Damend drilling... ..-..-..- Cc ccc Ster 5, 921 287% estate 325. 881 
Sfr... DEE, E FFC 6. 790 
Rotary drilling A A 53. 657 4. 288 75. 419 
e A E G 72, 819 
Percussion driling......-- 2-2- A EE 87,09 2 68, 171 
eins 8 580 N 3. 080 
l ³i¹wm ³ ̃ K r 18. 297 
TOUS cowed ꝛ«²˙ ¾. mk 11, 366 6, 512 251, 833 4, 503 692, 253 
Kaes, ess 
1961: 
Satis A ME 1,170 946 2, 969 
Eet EE d, o Y A AA 1,925 75 16, 370 
ha Lar AE eN AOSE A RIA EEE 650222222 ORB 
Tunneln 8 2, 064 580 8, 591 
Drifting: dert cucacetede ¡A 39, 524 9, 251 73, 004 
r ⁰⁰yddß y A 5, 202 sed ees 6, 855 
Diamond AAA lowsecconcess 2, 187 39, 034 9, 788 153, 445 
AS AI Y 60 85 
AA ⅛ x U ⁵ ] 64. 985 65, 703 144, 303 
NN AAA “0d AAN 75,675 500 93, 508 
Percussion driligagg eee a nume ar rer rn 2, 000 9,463-1 coa coe 5,453 
del EE A 8 500 5, 800 6, 760 
Mert. ; ͤ K eataa ssa 45, 13— 45, 163 
Total JJC 5, 120 4, 187 280, 295 93, 383 555, 349 


1 Asbestos (1961), beryllium (1961), gold (1960), gypsum, potash (1961), and silver (1961). 
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TABLE 41.—Exploration and development in Wyoming, by methods 


(Feet) 
Method Bentonite Stone Uranium Total 
1350: 
Satt A A E 260 
E RA A AAA 3,067 
Finnen 8 2. 301 
e ß „386 
C ¿dal AAA A 202 
Diamond drilling......... 18, 962 
l.!!! A A 300 
Ro drilling 2, 132, 023 
Long-hole drilling 32, 3 32, 311 
Precussion drilling 3, 000 3. 000 
Tren ching 8, 070 
EE 20, 067 
vk TN BEN 2, 285, 949 
1961: 

r PO ß 2, 180 
GCC u cud 5, 662 
Tuunii 8 1. 390 
Fl ³ A 47, 162 

e il AA A 
Diamond drilling 3,354 
ies AMA A ? 30 
Rotary drilling........... 1, 048, 529 
Long-hole drilling 4 4 105, 832 
Percussion drilling........ 353, 614 
Fl ⁰⁰ 700 
OLD A ³ K ß 8 51, 671 
I/ RPS 1. 520, 466 1. 621, 023 


Berylllum, copper (1961), gold, mica (1960), silver (1960), and sodium carbonate (natural). 


FROTH FLOTATION’ 


The growth of flotation in the United States was measured by data 
collected for 1960, the 50th anniversary of froth flotation. Similar 
data previously were compiled in 1935? and 1930-34‘ but were 
limited to copper, copper-lead, lead, lead-zinc, zinc, and gold and 
silver ores, whereas the 1960 data included 34 commodities. In 1960, 
198 million tons of material was treated at 202 froth flotation plants; 
in 1935, 26.1 million tons was treated at 184 plants using flotation 
alone or a combination of gravity-flotation methods. 

The quantity of sulfide ore concentrated in 1960 (155.4 million 
tons) was about 6 times the 1935 total (26.1 million tons). The 
major part of the increase in treated ore resulted from installing 
large flotation plants for concentrating low-grade copper ores. For 
example, copper ore production rose from 20 million tons in 1935 to 
135 million tons in 1960. Of the 20 million tons produced in 1935, 
83 percent was concentrated—90 percent by straight flotation and the 
remainder by combined gravity-flotation methods. In 1960, 99.5 
percent of the 135 million tons was concentrated, virtually all by 


3 Merrill, Charles W., and James W. Pennington, The Magnitude and Significance of Flotation in the 
Mineral Industries of the United States. AIME, 50th Anniversary of Froth Flotation in the United States. 
(Scheduled for 1 in 1962). 

3 Miller, T. H., and R. L. Kidd. Ore Concentration in 1935. Manuscript Rept. 2, Bu Mines, April 
137, 30 Pp. Available only in tho U.S. Dept. of the Interior Library, Washington, D.O., and BuMines 
libraries. San Francisco, Calif., and Pittsburgh, Pa. 

Weinig, Arthur J., and Clark B. Carpenter. The Trend of Flotation. Colorado School of Mines Quar- 
wi? v. 32, No. 4, October 1937, EP: 27-48. 

‘Miler, T. H. and R. L. Kidd. Ore Concentration. Ch. in BuMines Minerals Yearbook 1935, Sta- 
tistical Appendix, 1936, pp. 47-62. 
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TABLE 42.—Froth flotation plants in the United States, by States in 1960 


ki pu —. 


gr Cl ta ui Dë ran ep Ei ua bt EE ua BR o 


ASQ eS Dea OI E ab mé ep op en ep br em ap OS® 


TABLE 43.—Froth flotation in 1960 


Plants 


Copper-lead-rzinc..............- 
Copper-zinc-Iron-sulfur........ 10, 000 
Gold-silver.................... 1, 600 
SPI renger cundum SE oec 50, 700 
EE 5| 2,500 
Bastnaesite, calcite, garnet, 
kyanite and Ge 7| 2,100 
Clay, feldspar, mica, quartz 
and spodumene.............. 0| 5,000 
Fluor spat 6| 2,050 
Glass sand 5| 3,200 
Ilmenite and magnesite........ 4| 3,200 
Iron oxide....................- 4| 5,700 
Manganese and tungsten...... 4| 3,500 
Phosphate 5 | 88, 700 
Pots. 7 | 39, 800 
Anthracite............-....... 5| 5,000 
Bituminous coal 26 | 21, 500 
Waste paper. 8 90 
Chicle-naphthalene-oil......... 5 (1) 
Total AA 202 |729, 340 


Energy used Water used 
(kilowatt-hours) (gallons) 
Ore Concen- 
treated trates 
(tons) produced 
(tons) 
44,156,140 | 1,520,119 693.3 | 15.7 | 41, 948. 3 950 
95,083,900 | 2,235,463 | 1,749.5 | 18. 4 | 72, 263. 8 760 
5, 437, 300 560, 719 124.0 | 22.8 | 3,969. 2 730 
2, 378, 400 999, 877 44.0 | 18.5 | 2,827.5 | 1,190 
132, 180 3, 360 2.8 | 21.0 142 1 | 1,075 
8, 195, 100 537.050 109.8 | 13.4 | 4,548 3 555 
444, 100 285, 392 6.8 | 13.0 546.2 | 1, 230 
466, 530 113, 120 7.4 | 16.0 798. 1 | 1, 700 
1, 030, 040 434, 28.9 | 28.0 | 8,092.8 | 3,000 
484, 179, 459 24.2 | 50.0 677.6 |-1, 400 
799, 300 735, 400 29] 3.6 959. 2 | 1, 200 
617, 300 274, 875 8.7 | 14.1 617.3 | 1,000 
1, 530, 360 599, 461 30.6 | 20.0 1, 423.2 930 
448, 600 64, 893 11.9 | 26.5 471.0 | 1,050 
20, 981,900 | 7,023, 544 109.3 | 9.5 | 83,927.6 | 4,000 
11,984,350 | 3,116, 518 137.8 | 11.5 | 3,1159 260 
, 000 à 5.6 | U 
3,312,000 | 2,370,000 23.2.|| 7.0 EE, GE 
25, 21, .3 | 11.1 685. 0 25, 000 
(1) (1) () (1) () O) 

198, 307, 800 | 21,499, 903 | 3,210.0 | 16.2 |222, 008. 1 | 1, 140 


1 Data not available. 
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flotation alone. A striking example of the effect of efficient large- 
scale flotation on grade of copper ore mined is that, during the 25- 
year period, the average recoverable copper content of ore treated 
decreased from 1.57 to 0.72 percent. 

In the concentration of lead and zinc ores, the part treated solely 
by flotation increased from 15 percent in 1935 to 40 percent in 1960. 
he grade of lead and zinc ores also was influenced by flotation, and 
the average recoverable metal content of the ores decreased from 1.95 
percent lead and 3.70 percent zinc in 1935 to 1.35 percent lead and 
2.68 percent zinc in 1960. 

Comparison of flotation-reagent data for 1960 with those for 1935 
showed tremendous differences in the number and quantity of reagents 

. Almost 100 different reagents were used in 1960, compared 
with 35 in 1935. Also, reagent consumption in 1960 was 850.3 million 
pounds compared with 85.5 million pounds, in 1935. Although 
average reagent consumption per ton of ore rose from 3.282 to 4.297 
pounds, the change was due largely to flotation of nonmetal commodi- 
ties which use larger quantities than sulfide flotation and which were 
not reported in 1935. For sulfide flotation only, the total reagent 
consumption increased from 85.5 million pounds in 1935 to 544 million 
pounds in 1960. This was only a small change in consumption per 
ton, from 3.282 to 3.501 pounds, and probably resulted from more 
extensive use of selective flotation and 1 byproduct recovery. 

Flotation reagents were classified as follows: 

Modifiers—reagents used to control alkalinity and to eliminate 
harmful effects of colloidal material and soluble salts. 

Activators—reagents used to assist or improve the flotation of 
minerals that do not respond to a simple collector-froth combination. 

Depressants—reagents used to improve the selective separation of 
minerals by lowering the floatability of specific minerals. 

Collectors—reagents used to provide a water-repellent surface on 
the mineral to be floated so that adherence of the mineral to the air 
bubbles was improved. 

Frothers—reagents used to produce a froth of adequate durability 
to pet removal of mineral-carrying bubbles from the flotation 
machine. 

Flocculants—reagents used to flocculate solids in aqueous suspension 
and thereby facilitate thickening and filtering operations. 

enever possible, the chemical names rather than the trade names 
of reagents are reported. For those reagents whose chemical com- 
positions are unknown or too complex for simple presentation, the 
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TABLE 44.—Consumption of reagents by types and plants in froth flotation im 
1960 


Reagent consumption (pounds) 


Activators Depressants Collectors 
Type of plant 

Total Per Total Per 
ton n 
S 86, 105,637 2. 403 ee 75, 476 0. 008 
Copvermolybdebuma en 359,077,552 | 4.306 181, 868 |0.025 | 2,334,093 | .048 
Se ö; 11. 247, 321 2.514 | 2, 598, 701 . 586 | 2,841,984 | . 801 
ps st nile ut. 16,608,695 | 7.201 | 1,929, 716 | . 837 507,952 | . 222 
Gold.silver................... 925 .250 10, 148 | .150 35 043 
Lead-zinc.................... 3,049,537 | 3.647 | 3,459,005 | . 469 348,175 | . 060 

Balle 607,262 3.602 2 “ s 

Bastnaesite, calcite, garnet, 
kyanite and tale 577,380 | 1.945 |...........]...... 116, 160 |5. 500 
Clay, feldspar, mica, quartz 
and spodumene 3,041,580 | 2.950 . 1,086,732 l. 702 
Fluorspar CC 1. 213,042 | 2.506 357,033 | .801 | 1,243,113 2. 790 
Glass sand..................- 25, 985 // A DEE E WEE 
Ilmenite and magnesite...... 1,064,892 | 1.8772 306, 181 | .557 
Iron oxide 4, 593, 996 | 3.002 210, 600 | . 600 
Manganese and tungsten.... 882,436 | 4.583 | 1,280,205 5. 000 2,678 | .230 
Phosphate. 76,500,661 | 3. 67222 4 æ 
sgh 8 2, 630, 552 | . 900 | 6,785,052 | 610 
Anthracite... esc e pd , loots. 
Bituminous coal 1,609,352 | 2.058 AAA A EE cesta 
Waste paper 857, 750 [146.000 1. — 4 4 4 ꝗ .. 
oll. 8 567, 554,003 | 3.716 |12, 447, 228. 496 15, 858, 547 | 191 220, 125, 391 1. 125 
Reagent consumption (pounds) 
Frothers Flocculants 
Total Per ton 
Total Per ton Total Per ton 
e ß cee 3, 595, 125 0.082 | 13,717, 450 . 109, 204, 171 2. 47 
Cobper-molybdenum ONE CREAN. 7,214,610 | .076 | 1,922,680 | . 387, 859,831 | 4.079 
Copper-lead-zinc........................ 551, 916 . 106 i 18, 263, 972 3.359 
9 0 r- zinc- jiron-sulſuu r 313, 214 . 132 A 20, 116, 554 8. 458 
Gold le: cesses cos se MO T qxERe ORO 9, 029 «008 Irons etra aea utin 52, 598 . 398 
Lead ine dedu 750, 383 . 099 8, 462, 119 1.035 
E A A 2, 640 . 200 768, 582 4. 635 
Bastnsesita, calcite, garnet, kyanite and 
See Aidala 8 41, 860 rr EE 1, 116, 439 2. 888 
Clay. feldspar, mica, quartz and spodu- 

e A snis his esan 1, 040, 865 1.010 9, 514, 357 9. 229 
Fuer ĩ Ee 62, 078 . 128 3, 393, 445 7.011 
Glass A 000r0e0MMMMM 39, 400 TI AA ER 1, 886, 250 2. 360 
llmenite and magnesite. ................ 10, 089 . 024 , 2, 804, 239 4. 943 
Iron A ] « ⁵ ] yd A aeu LT 8, 114, 371 5. 302 
Manganese and tungsten. .....---2--.-- 1,311,456 | 4.007. «„ 21,665,201 | 48 295 
Phosphate Ege QE 17, 468 . 012 232, 304, 401 | 11.072 
IM - K 1. 270, 726 . 111 13, 008, 376 1. 085 
Anthracite............... 0 270, 500 / MEA 1. 755. 500 2. 194 
Bituminous coal... 314, 298 . 124 8, 974, 593 2.710 
Waste paper os 39, 528 | 7.200 |............]|........ 994, 458 | 87.502 

o A 82 ias aiena 16, 855, 185 . 097 850, 259, 547 4. 297 
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TABLE 45.—Consumption and value of reagents in froth flotation in 1960 


Consumption, pounds 


Function and reagent 
Total Per ton 
Modifier: 
( agstle S008... ER 20, 613, 880 00. 931 
Lire e EE 461, 118, 435 3. 650 
EE 1, 082, 550 . 016 
moda ash es ¼ ↄ¹ÜiÜ'—i A AN 3 , 806 . 203 
„ f EE 5, 029, 312 . 159 
Su furie acid. A A Diodi 76, 101, 720 3.070 
Other: A es he vr ORE , 300 1. 768 
Total: 
POUR EE EE EN 567, 554, 003 3.716 
Value Jͥſõĩẽͤ ã ⁵ d y $5, 979, 271 $0. 039 
Activator: 
%%% ⁵ĩÜ·»¹oẽi?³ĩÜ al 7, 603, 710 . 074 
Sid TU i ⁰ r 612, 212 . 051 
Serien 1. 600. 754 . 934 
[012.07 ³⸗WQ AWA A AN y NET EEN 2, 630, 552 . 900 
Total: 
POLOS ci o caros 12, 447, 228 . 496 
¿A A J C $1, 474, 663 $0. 059 
Depressant: 
Aerodepressants (610, 620, 683) nen ee eee we . 056 
CALCUTA st . 071 
GTR ß TTT . 100 
Hrn ] 5 ⁰yꝑy ee 1. 702 
Liznin ieee yd y ec A . 161 
Quetracho J/0ſꝗ0.w. ͤr dd 8 1. 192 
F ³· . ³] A A A . 052 
Sein .... cars . 028 
nnn . 664 
Sodium Hy drosilAte sc oc soo as . 350 
Slum silico fluor id... . 500 
Sodium t ³ðA e . 630 
Schl.... EE EE . 690 
WE el e BEE . 280 
Zinne f”... A . 577 
7 ⁵ %ͤͤ r ³ĩð—ÄA/0ſ ] Ü dd 8 . 206 
S&S PSS SS er gp engt e ép ep dp dran eeng dr ee eg deer ee ee geen e ém e e dp ep gë ep e en e dr e ër gn ep o e e gr gp gë d dp gg ge gp dë 2 . 656 
Total: 
PAI EE . 191 
A TEE A A A A se eu LE f $0. 020 
Collector: 
Acrofloats ae 242). A A et W WWWWͥ W . 089 
Aerofloats (sodium, 208, 211, 238:ʒ˙k˙ 2. LLL cL lll lll cll lll. ll. . 032 
Acropromoters (404, 425)... LLL LLL LL LLL 4 . 028 
Aeroproimoters 10 % egener ee EEN 1.255 
Aeropromoters (801, 825, 89 %ũœ r UU ꝛr 1.257 
AILIDES c. cu ⁰Ü¹P¼ͥĩꝑʃſſſſ da Sess . 143 
Dow 22200. ³˙¹¹Ai AA ⁰¹Aꝛͥ a d ae ae i aa es . 031 
FJCJJJ0õ]]˙Ü⁰u n...... ĩ« ͥ⁰⁰yy h ode as 51,377, 283 2. 206 
¡AAA A SR O O AN A 120, 314, 341 1. 485 
JJ IS ee A AA 14, 977, 729 . 986 
SIC NS EE y ⁰ E EE 799, 708 . 033 
Petroleum sulfonate.............- - k ꝛ „„ 324, 912 1. 085 
Sinn eo IN A ĩðͤ aae eaa S 2, 572, 160 9. 821 
all EE 1, 130, 247 1. 286 
RN TEE 5,773 . 088 
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TABLE 45.—Consumption and value of reagents in froth flotation in 1980—Con- 


Consumption, pounds 
Function and reagent 
Total Per ton 
Collector—Con. 
"'htohocarDamsle. EE 29, 735 0. 022 
Potassium amy] rant hate nnuninůui·U eee eee 495, 089 .044 
Potassium ethyl xanthate. e eee 25, 445 . 091 
Potassium isopropyl xant hate ee 2, 480 . 080 
Potassium secon butyl xant hatkõku;-;ê 1. 968 . 030 
Sodium ethyl xanthateeeee ue 1, 734, 222 . 106 
Sodium isopropyl xant hatt) 2, 067, 191 . 045 
Sodium secondary butyl rant hate kk 637, 224 . 080 
P qr dol AA E EEN 249, 553 WEG) 
DEE 13, 339, 096 .610 
Total: 
Funes AA 220, 125, 391 1.125 
O A A A y LL AE $8, 737, 999 $0. 045 
$€R_— í 
Frother: 
Aeroltot AE ß . DLLDD E 245, 972 .017 
Aerotroths (70, 73, ² ] «71! p Xesecud er y ARS EE SE MAE 220, 145 . 047 
Bi die 452, 724 . 068 
Creosote A ⁵⅛ momw ] yy ⁊ a ꝛ y 1. 250. 892 . 135 
Cresvlie acid. uu uuum ccc ³⁰˙öAAAAd ⁰ ⁰⁰⁰⁰t 2, 193, 744 . 060 
DOW IT Ot El EE 826, 499 - 025 
Hardwood creosote w nk ꝛ ꝛt ꝛt t 'e eee ee eee eee eee eee 367, 794 . 080 
Methyl amyl alcohoůlullů!k!kkhkk!k!k!kkkkk!! „ 2, 952, 057 . 066 
Methyl isobutyl carbinol M ll lll LLL LL LL Lll l.l. 1, 903, 478 . 048 
e EE 38, 430 7.000 
Oronitd AA EE 1, 280, 205 5. 000 
¿AAA AI ĩðͤ 8 4, 523, 245 .053 
Total: 
e x ß E E Lu LEE 16, 855, 185 . 097 
l ͥ ⁰· ͥ E $2, 444, 635 $0. 014 
Floceniant: 
Aerofloes (550, 3171Z7)7Pꝙ—1—ſinuninununn— ü nw imꝛUiuin eee e LL eee eee esee 16, 733 . 008 
o EE 4, 695 . 058 
iei PEE ⅛ —m'⁊/ꝓ/ ⁊ ᷑ ᷑ ᷑᷑ s x. ON ED ENS 92, 907 . 060 
e Al DEE 3, 819 . 024 
hus AA A A 8 14, 731, 871 2.814 
A A EE 21, 780 . 000 
SS EE 1, 086, 519 . 026 
EEN 340, 850 1. 783 
Bulfurie lte aso eo cece nee e 1, 091. 600 3.165 
h; ⅛»V.m... ¶dmdd 48, 419 013 
Pound. oid ͥũ ̃ ³˙¹wmäà²⁵² ³˙»wü ⁰¹¹¹-w ͤ;-A 0G. ¹ u AA 17, 419, 193 303 
TT RA A $1, 508, 752 $0. 026 
Total reagents: 
Pounds ³ĩo;miůAqͥ ³⁰¹ mj ˙³¹ꝛema]· m ꝛ⁊². . 850. 259, 547 4. 207 


TECHNOLOGIC TRENDS IN THE MINERAL INDUSTRIES 127 


trade names are shown. Included in those categories are Aero- 
depressants, Aerofloats, Aerofroths, Aeropromoters, Aeroflocs, and 
Superflocs (products of American Cyanamid Co.); Dowfroth, Dow 
1-200, and Separan (products of The Dow Chemical Co.); Kylo 
(product of Minnesota Mining and Manufacturing Co.); Minerec 
product of the Minerec Corp.); Nalco 600 (product of Nalco Chemi- 
cal Co.); and Oronite (product of Oronite Chemical Co.). Also, to 
avoid disclosing confidential information, some reagents are not 
identified but are included under “Other” classification, or the data 
on two or more reagents are combined. 

Operating flotation plants used 3,210 million kilowatt-hours of 
energy, an average of 16.2 kilowatt-hours per ton of material treated. 
Energy consumption included all that necessary to service the plants 
such as crushing, grinding, classification, flotation, filtering, an 
materials handling. 

Water used in the plants totaled 222 billion gallons and averaged 
1,140 gallons per ton of raw material. The figures are for total water 
used and include recirculated and makeup water. 

The Bureau of Mines plans to canvass froth-flotation plants at 
ee intervals in subsequent years and to compare results with the 

ata. 
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TABLE 47.—Materials treated and reagents consumed in froth flotation, by 
Central States in 1960 


Arkansas, Missouri, Illinois 
Oklahoma 
Function and reagent 
Ore Reagents Reagents 
treated used used 
(tons) (pounds) (pounds) 
Modifier: 
Caustic AO a o 6 JJ PA 
A A A E A M De ( 1 222, 905 
Phosphates EE A Q) 
Bods ASI ↄ ²ðù ð ²²ↄ A IA eco . ace QE UE 743, 043 
Sodium silieate. . LLL cc cc E ee acea 225. 801 874,187 
Sulfuric acide ceo eee se sce oes dee eee 39, 380 . ee ae 
EE ee 389, 799 184, 872 (1) 
% ⁵ðLAſ ͤ a ie 527. 571 1, 200, 827 1, 086, 595 
Activator: 
Copper sulfate. acosa cin actas 1, 620, 980 321, 673 513, 944 
Sodium sulfide.............- EE 3, 151, 634 e eee eae See 
Total a x. E 3. 840, 311 551, 694 513, 944 
Depressant: 
Acrodepressant$ E WE, E 33, 644 
ehre A EE 366, 553 
Sodium cyanide 8... eee eee 4, 102, 701 513, 478 , 863 
Sodium sulfite RA A O A 171, 455 
E E ue EE EE DE, A AO (1) 
ARI A AN 932, 303 e 
/ ˙i.ö dE, A (1) 
Otel sos a 4, 102, 701 547, 041 (1) 
Collector: 
rr II ee 2, 144, 646 253, 433 127, 308 
Fatty acids e A (1) (1) 190, 944 
Fiel... O RAN II AA engan ie m al 
en EE, WE AAA AI cesa dedu ced 
r Dee R EE 3, 512, 416 221, 320 59, 703 
A ³ a ecu LEE (1) JJ % = 
g d a beoac Rasa RE RET 4, 491, 386 (1) 377,955 
Frother: 
fr 3. 963. 815 ¡MA A 
Creosote o occ ea 3, 151, 634 120, % % %/%⅙ỹ̃onr»᷑ EES 
I ³·1A( ³ÜUAX ...... ] ↄ d y y ]j̊¶ 
Methyl amyl alcohol „„ 2. 414 
Methyl isobutyl carbinol : 360, 782 54, 130 55, 966 
Pine Oll EE EE 8 6 
A IA A 8 l 
LO ta 4, 324, 597 312, 536 (1) 
ILLE 
Flocculant: 
Nero.... ee Ee 1, 257, 413 12. 863 (i) 
Ehe (!) (D. AAA ͤ 
III... AA E AE AE AAA A A 
EI ß (1) (1) 2, 059 
O CRM NES (1) 59, 035 (1) 
TOR ˙Ü¹ꝛ˙⅛ ͥ .’ ie m t EE 1, 257, 413 71, 898 (1) 
Grand total......... .. 2-2.2.. 4,491,386 | 3,286, 158 3, 222, 334 


See footnotes at end of table. 
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TABLE 47.—Materials treated and reagents consumed in froth flotation, by 
Central States in 1960— Continued 


Michigan, Minnesota 


Function and reagent 
Ore Reagents 
treated used 
(tons) (pounds) 
Modifier 
hf ³oW¹Owm l ę] hM... E A 
f O ! ESCORT AED 
a EE, ↄ ³ 
SII IA 1, 089, 000 871, 200 
Selfuric H BEE 1, 139,976 | 2,984, 328 
111 AAA A AN 1, 139,976 | 3,855, 528 242, 215 134, 920 
Activator: 
o sulfát AAA A A A A 242, 215 155, 462 
ar ³WA. E A O DEE 
A E, cx aea DEA 242, 215 155, 462 
Depressant: 
ay E, BE A A E 
rr; D ESEE A A E A 
nes. ⁰⁰ß d 242, 215 8, 673 
Suum , E E, A KEE 
JE EE, y EE A DE 
cine uk GE AO EE, EE 
Piti. EE EE AI E 
T EE a ds os 242, 215 8, 673 
Collector: 
o A ace daew cso ZG e ERR ERA E 1,089,000 | 1,415, 700 242, 215 26, 655 
Fatty acids ER 1, 089, 000 326, % AN EA 
Furl Oil. e up wm 2 e e um up e e E e VVWwdh:0/cꝗꝗ 44 7, 235, 601 2, 865, 908 —————-- |-——————-e 
Pi E EECH (1) (i) 
Ni cece i u ³ͤ 8 8,018, 390 | 1,402, 81022 5 
;;öVWn[r ˖ ˖ ˖ . · UE 50, 973 152, 928 (1) (1) 
Mtr. ³ð REC KP 7 9, 158. 366 | 6, 164, 046 247, 705 65, 085 
Frother: 
i. m E, E 114, 215 4, 227 
; A EE AA PA 
D A cum 6, 095, 625 362, 088 AA A 
AE AA O ⅛ y EE sess 
LR RE TL EE, E [eee 128, 000 3, 443 
Pineoil. A 8 6, 494, 390 577, 033 73, 505 2, 397 
OUDAR 43 ooo oe E % ⅛ EE A E ] 5, 490 38, 430 
Fl...... ͥ ³oA q ꝛ AEE RE CM GREEN E 8, 018, 390 939, 721 247, 705 48, 497 
Fleculant: 
eiii ↄi 8 128. 000 1. 855 
JJC! ⁵ↄꝰ u ð y ³ĩVWAAA.. ↄð A ] ͥ d ³A ³ ³ A 
I·Üĩ;] ͥ ⅛˙²wkä my. ß IURE NES (1) (D^ AA E 
BEAT occu A A GE, E E 
!!!!! 8 (1) (D). ~~ A A eee zu 
VOUS) A A A A A (1) (1) 128, 000 1, 855 
Onde ĩðIUꝛ 9, 158, 366 | 24, 674, 170 247, 705 414, 492 


'IneInded in grand total to avoid disclosing individual company confidential data. 
! Includes tannic acid. 
3 Includes calcium cyanide and sodium ferrocyanide, 
i Includes sodium hydrosulfite and zinc hydrosulfite, 
_ Includes tall oil, 
! Inciudes Barrett oll. 
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Statistical Summary of Mineral 


Production 
By Kathleen J. D'Amico! 


A 


IS SUMMARY is shown in Minerals Yearbook volumes I and 
III of this series on mineral production in the United States, its 
island possessions, the Canal Zone, and the Commonwealth of 
Puerto Rico, and on the principal minerals imported into and ex- 
ported from the United States. The several commodity and area 
chapters contain further details on production. A summary table 
comparing world and U.S. mineral production also is included. 
ineral production may be measured at any of several stages of 
extraction and processing. The stage of measurement used in the 
chapter is normally what is termed “mine output.” It usually 
tefers to minerals in the form in which they are first extracted from 
the ground, but customarily includes for some minerals the product 
of auxiliary processing operations at or near mines. 


TABLE 1.—Value of mineral production in the United States,! 1925-61, by mineral 
groups 


(Millions) 


Non- 
eral metals 
(except 


Yeer eral Metals | Total 


LN A S 973 | 507 | 3,980 || 1919............. 1, 5. 
ps) NM 1, 620 671 1, 
AA 1, 460 412| 128] 2,00 || 1951— 5 2. 
1 1. 413 432 A 2, 
IS 1,947 520 | 277 2,744 || 1953............. „20 2,3: 
„ 2, 013 564 | 365 2,942 || 19544 9. 919 | ? 2, 
I 2, 405 685 10,7 32,9: 
AAA 2,798 711 11,741 |! 3. 
S 2. 136 622 12, 709 | 33, 
|S) AA 2, 423 754 11, 589 |33,: 
IMO AAA 2, 662 784 | 752 4,198 || 1959............. 11,950 | 38, 
3% 3. 228 989 890 5,107 || 19600 — en 112. 14223 
EEC 3,568 | 1,056 | 999 5. 6231961 12,358 |33, 


——- dd 


1 Excludes Alaska and Hawaii, 1925-53. 

? Pata for 1925-46 are not strict] y comparable with those for subsequent years, since for earlier years value 
of heavy clay products has not been replaced by value of raw clays used for such products. 

A Total adjusted to eliminate duplicating value of raw materials used in manufacturing cement and/or ime, 


Revised figure. 


1 Statistical officer. 
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Because of inadequacies in the statistics available, some series 
deviate from the foregoing definition. The quantities of gold, silver, 
copper, lead, zinc, and tin are recorded on a mine basis (as the re- 
coverable content of ore sold or treated). The values assigned to 
these quantities, however, are based on the average selling price 
of refined metal, not the mine value. Mercury is measured as 
recovered metal and valued at the average New York price for metal. 

Data for clays and stone, 1954-61, included output used in making 
cement and lime. Mineral-production totals have been adjusted to 
eliminate duplicating these values. 

The weight or volume units shown are those customary in the 
particular industries producing the respective commodities. No 
adjustment has been made in dollar values for changes in purchasing 
power of the dollar. 


BILLION DOLLARS 
Qi 


— — 
AAA 
. — 
— — 
AL 


0 
1925 1930 1935 1940 1945 1950 1955 1960 1965 


Fiaurs 1. Value of mineral production in the United States, 1925-61. 
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TABLE 3.— Minerals produced in the United States and principal producing States 


in 1961 
Mineral Principal producing States, in Other producing States 
order of quantity 
Antimony A c cnc adze 
Altes bi MM m EE 
Asbestos Vt., Calif., Ariz., N. C22 Oreg. 
Asphalt Tex., Utah, Ala., Mo. EE 
Baie; Ark., Mo., 'Nev., GRG Calif., Idaho, Ky., Mont., ef Merx., N. C., 
8.0., Tenn., Tex., Utah, Wash. 
Baux ite Ark., Ga., ⁵-7 eee eil. 
Beryllium EE Colo, , 8. Dak., N. Mex., N.H..... Ariz., Conn., Maine, N.Y., Wyo. 
PA AAA ĩ 
DBromine Mich., Tex., Ark., Calif........... W. Va. 
Calcium-magnesium Mich., Calif., N 
chloride. 
Carbon dioxide N. Mer., Colo., Utah, Calif. Wash. 
e ment Calif., Pa., Tex., Mich Ala., Ariz., Ark., Colo., Fla., Ga., Hawalli, 
Idaho, Ill., Ind., Iowa, Kans., Ky., La., 
Maine, Md., Minn. Miss., Mo., Mont., 
Nebr, N. Mex, N. V., Ohio. Okla., 
Oreg., 8.C., 8. Dak., Tenn., Utah, Va., 
Wash., W. Va., Wis., Wyo. 
Chromíite................ e 
VTV Ohio, Tex., Ga., Calif. -....-......- e orner States except Alaska, Hawaii, 
Col a W. Va., Pa., Ky., III Ala., Alaska, Ark., Colo., Ga., qm Iowa, 
Kans., Md., Mo. Mont., N. Mex., N. 
Dak., Ohio, Okla. "Dak., Tenn., 
Utah, Va., Wash., W yo. 
Cobalt.. ...--.---------- Pag MO aeda 
Copper Ariz., Utah, Mont., N. Mex...... Alaska, Calif., GE Idaho Geier Mo., 
Nev. N. C., Oreg., Pa., „ Wash h., 
yo. 
Diatomite— Calif., Nev., Wash., Oreg Ariz. 
FTC INCY Ee 
Feldatpgar. N O., Calif., Conn., O8 155 SEN Maine, N.H., 8.C., 8. Dak., 
ex., Va. 
Fluorspar..............- III. E Golo Calif., Mont., Utah. 
Garnet, abrasive N. V., I als cee ee 
GS! AA 8. Di. Utah, Ariz., Wash....... Alaska, Calif., Colo., Idaho, Mont., Nev., 
N. Mex., N.C., Oreg., Pa., Tenn., Wyo. 
Graphite TOX Piece sec 8 
Gypsum................. Calif., Mich., Iowa, Tex.......... Ariz., Ark., Colo., Ind., Kans., La., Mont., 
Nev., N. Mex., N.Y., Ohio, Okla., 8. 
Dak., Utah Va., Wash., Wyo. 
Helium.................. Okla., Tex., N. Mex., Kans....... 
Iodine..................- Calif., Mich DEE 
Iron ore ees, Minn., Mich., Ala., Utah......... Ariz., Calif., O: Ga., Idaho, Mo., 
Mont., Nev., J. N. Merx., N.Y., N.C., 
Oreg., Pa., aN Daks Tenn., Tex., Va., 
Wis., Wyo. 
Kyanite.......-------2-- VAS AA 8 
¡777 RA Mo., Idaho, Utah, Colo........... Alaska, Ariz., Calif., ni., N. F., NC., 
Mont., Nev., N. Mex, N.Y 
Okla., " Oreg., va., Wash., W 
DCC A Ohio, Mich., Mo., Pa Ala., Ariz., Ark., Calif. Colo., Conn., 
Fla., Hawaii, Idaho, Ill., Iowa, Kans., 
Ky., La., Md., Mass. Minn., Miss., 
Mont., Nebr., Nev., NJ. N. Mex., 
N.Y., Okla., Oreg., 8. 'Dak., "Tenn. , Tex., 
Utah, Vt., Va., Wash., W. Va., Wis., 
yo 
Lithium................. U ô§ö§Ü EE 
Magnesit Nev., , Wash., E EE 
Magnesium chloride. WOK AA ha O 
Magnesium compounds. Mich. Calif., Fla., N.J........... Miss., N. Mex., Ter. 
Manganese ore Nev., Mont See ere 
Manganiferous ore Nun, N. Merx., Mich., Mont....| Ariz., Ga. 
Marl, greensand.........| NJ., Nd 
Mercury A Calil. Ne Alaska, Idaho........ Ariz., Oreg. 
Mica: 
To y N.O., Ga., Ala., 8.C.............. Ariz., Calif., Colo. 1 Maine, N. H., 
N. Mex., Pa., 8. 
Sheet N. C., N. H., S. Dak., Maine Ala., Conn., Ga., Mont: HO, Va., Wyo. 
Mol ybdenum Colo., Utah, Ariz., N. Mer Calif., Nev. 
Natural gas.............. Tex., (ER Okla., N. Alen o. Ala., Alaska, Ark., e Colo., Fla., III., 
Ind. Kans, Ky., Md., Mich., Miss. 


Mo., Mont, Nebr. N.Y., N. Dak., 
Ohio, Pa., To Utah, Va., W. Va., 


Wyo. 
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TABLE 3.— Minerals produced in the United States and principal producing States 
in 1961— Continued 


Mineral Principal producing States, in Other producing States 
order of quantity 


Natural gas liquids...... Tex., La., Okla., Calif. Ark., Colo., III., Kans., Ky., Mich., ae 
Mont., Nebr., N. Mex., N. Dak., 
Utah, W. Va., Wyo. 


Nie! 8 A le, es 

Olivine.................. Wash., N.. 8 

A A Mich., Ind., Wash., Cali Colo., Conn., Fla., Ga., Idaho, III., „N.. 
NI d., Mass., Minn, Mont., N.H E 
N.Y., Ohio, "Pa. 48 O., ris. 

Perlite N. Mexr., Nev., Ariz., Calif. Colo., Idaho, Utah. 

Petroleum............... Tex., La., Calif., Okla............. Ala., 'Alaska, Ariz., Ark., T SM n., 
Ind., Kans., Ky., Mich., Miss., Mo., 
Mont., Nebr. Nerv., N. Mer, N.Y., 
N. Dak., Ohio, Pa., S. Dak., Tenn., 
Utah, Va., Wash., W. Va., Wyo. 

Phosphate rock.......... Fla., Tenn., Idaho, Mont Utah, Wyo. 

Platinum-group metals..| Alaska, Ca - 5:5 

Potassium salts.......... N. Mex., Calif., Utah, Mich...... Md. 

e APA Ariz., Calif., N. Mex., Hawail....| Colo., Idaho, Kans., Nebr., Nev., Okla., 
Oreg., Tex., Utah, "Wash., W yo. 

Pyritos.. eere ees Tenn. 91178805 Va., Colo Ariz., Pa., S.C. 

Rare-earth metals....... Fla., PF 

Salton Gusher ee La., d. N.Y., Mie... Ala., Calif., eos Hawall, Kans., Nev., 
N. Mex Dak., Ohio, Okla., Utah, 
Va., W. a 

852 ang gravel......... Calif., Mich., Wis., Ohio All other States. 

Silver.. n... ---------- Idaho, Ariz., Utah, Mont Alaska, Calif., Colo., Ky., Mo., Nev., N. 
Mex., N.Y., N.C., Oreg., Pa., 8. Dak., 
Tenn., Wash., Wyo. 

Sodium carbonate....... e 

Sodium sulfate. ......... MEI Tex., N 8 

5 EE, !! ³ é K dmac 

Sens usecase Pa., Tex., III., Call 222. All other States. 

Sulfur (Frasch).......... Mee ERAS AI 

Sulfur oro Calif., Ney MEN ͤ EDS 

Talc, soapstone, and py- | N.Y., Calif., N.C., E AM Ala., Ark., Ga., Md., Mont., Nev., Pa., 

rophyllite. Vt., Va., Wash. 

UFC . ¹ --- eg 

Titanlum...............- N.Y., Fla., Man Idaho............ 

Apolo cacao ciao III, Okla., KKK 

Tungsten Calif., NOL ‘Colo. Mont 5 ce Idaho, Nev., Wash. 

Uranium................ N. Mex., Wyo., Colo., Utab....... Alaska, Aríz., Idaho, Mont., Nev., Oreg., 
S. Dak., Tex., Wash. 

Vanadium Colo., Utah., Ariz., Wo Idaho, N. Mex., S. Dak. 

Vermiculite Mont., 8.C., "Wyo JJ 

Wollastonite..........-.. N.Y., Calif NA A M 

E41... EE Tenn., Idaho, N.Y., Colo Ariz., Ark., Calif., 10l., Kan Ky., Mo., 


Mont., Nev., NJ, N . Mex ‘Okla., 
Oreg., Pa., Utah, Va., Wash., “Wis. 
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Ficure 2.—Value of mineral production in the United States, 1961, by States. 
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TABLE 8.—U.8. imports for consumption of principal minerals and products 


Mineral 

Aluminum 

Metal Se ee -Short tons.. 

BCS A E do. 

Plates, sheets, bars, eto. do.... 
Antimony: 

Ore (antimony content do.... 

Needle and liquated................. do.... 

DOM EE do.... 

e tic wee cence oe do.... 
A White (As; O; content do 
Bauxite: Crude........... thousand long tons. 
Beryllium ore short tons.. 
Bisinuth (general imports) pounds.. 
Boron carbide. ee e do 
Cadmium: 

Metall thousand pounds. 

Flue das (cadmium content)........ do.... 
Calcium: 

„ ee pounds.. 

Chloride short tons.. 
Chromate: 


Ore and concentrate (CraO; content) do 
Ferrochrome (chromium content) do 


Metal as asia: do.... 
Cobalt: 

Mil! thousand pounds. 

Oxide (gross weight do 

Salts and compounds (gross weight). do 
Columbium ore....................... pounds.. 
Copper (copper content) 

A AA short tons.. 
Concentrates FFF do.... 
Regulus, black, coarse. .............. do.... 
Unrefined, black, blister do.... 
Refined in ingots, etc................ do.... 
, reg do.... 
Old brass and clionings do.... 

Ferroalloys: Ferrosilicon (silicon content) 
short tons.. 
old: 
Ore and base bullion troy ounces.. 
Bullen nare do. 
Iron ore 
PGGG§ ees thousand long tons.. 
Pyrites einder long tons. 
Iron and steel: 
k!! 8 sbort tons 
Iron and steel products (major): 

Iron products do 

Steel products do 
z A notanda do 
T inplate err do 
Ore, flue dust, matte (lead content) do 
Base bullion (lend content) do 
Pigs and bars (lead content do.... 
Reclaimed, scrap, etc. (lead content) do 
Sheets, pipe, and shot do.... 
Babbitt metal and solder (lead content) 

short tons.. 
Type metal and antimonial lead (lead 
content ll lll... short tons 
Manufactures do 
Magnesium: 
etallic and serap do.... 
Alloys (magnesium content do.... 


Sheets, tubing, ribbons, wire, and other 
forms (magnesium content). short tong.. 
Manganese: 
Ore (35 percent or more manganese) 
(manganese content short tons.. 
Ferromanganese (manganese content) 
short tons.. 


See footnotes at end of table, 


1960 
Value 

Quantity (thousands) 
154, 706 $75, 808 
5, 042 1, 598 

36, 677 25, 872 

6, 455 1, 2 
5,437 2, 495 

2, 368 972 

12, 825 1, 046 
128, 739 1 78, 024 
8, 943 2, 804 

1, 167,019 2, 131 
85, 905 172 
942 1,157 

1, 861 718 

12, 618 15 

L 570 62 

1 571,067 3 24, 313 
34, 186 14, 313 
908 1, 645 

10, 801 17, 093 

1, 459 1, 520 

230 104 

3 5. 066, 514 3 3, 606 
3, 503 2,016 

20, 935 12, 391 
185 80 

486 311 

171, 021 1109, 490 
1, 836 1, 106 

184 

4, 972 1, 533 
460, 579 16, 080 
8, 861, 716 318, 952 
3 34, 578 1 321, 919 
5, 884 20 
330, 847 18, 351 

1 41, 356 1 8, 688 
13,528, 459 1 485, 802 
138, 687 §, 281 
140, 714 1 992 

! 137, 303 27,816 
203 1 62 

1213, 347 1 45, 065 
5, 598 1,034 

2, 855 696 

1, 512 16, 024 
13,915 1 970 

2, 097 710 

401 202 

28 288 

4 61 

1 1, 082, 362 1 82, 307 
92, 594 19, 008 


— —— o. — 


1961 
Value 
Quantity (thousands) 
190, 223 ee 187 
6, 002 
49, 310 30 062 
6, 713 1, 389 
13 6 
4,912 2, 347 
1, 980 935 
19, 483 1, 422 
2 9, 206 88, 821 
8, 516 2, 786 
798, 518 1, 498 
11, 992 37 
1, 079 1, 473 
239 112 
17. 266 23 
3, 022 103 
663, 140 21, 444 
18, 698 7,611 
692 1, 150 
10, 036 14, 867 
681 663 
159 59 
2 2, 973, 769 2 2, 527 
2, 587 1, 526 
21, 914 12, 516 
95 57 
5, 929 3, 508 
87, 206 51, 852 
1, 643 870 
390 173 
2, 307 803 
456, 139 15, 938 
1, 159, 320 40, 273 
25, 805 250, 226 
3, 504 18 
377, 180 20, 511 
31, 157 b, 794 
3, 277, 319 418, 268 
235, 350 8,315 
33, 039 
136, 860 2, 347 
236 351 
247, 327 45, 863 
3, 894 592 
2, 845 041 
1, 409 14, 207 
5,765 1, 340 
2,319 807 
1,005 483 
31 170 
5 80 
1,031, 062 78, 144 
2 170, 199 3 34, 306 
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TABLE 8.—U.8. imports for consumption of principal minerals and products—Con, 


1960 1961 
d Value Val 
a alue 
Quantity (thousands) Quantity (thousands) 
Metals—Continued 
Mercury: 
Compounds pounds. 114, 305 $ 302 90, 724 $228 
Metal... serie 76-pound flasks.. 19, 488 3, 510 12, 313 2, 048 
n metals: Selenium and salts..... pounds.. 175, 701 972 127, 482 
el: 
Ore and mstte................. short tons 184 ( 
Pigs, em: shot, cathodes. ......... do.... 79, 662 116, 567 115, 985 169, 656 
eege ee A E do.... 135 113 175 
E EE do.... 3 24, 58A 3 27, 650 14, 613 14, 137 
Platinum group: 
Unrefined materials: 
Ore and concentrates. .... troy ounces.. 401 30 568 39 
Grains and nuggets, including crude, 
dust, and residues...... troy ounces.. 80, 338 2, 201 29, 997 2,181 
Sponge and serap...............- do.... 3, 095 212 11, 550 
Osmiridium 4d 8 2, 601 66 
Refined metal: 
Platinum do 238, 307 18, 917 236, 859 18, 165 
Palladium do 368, 256 8, 189 571, 693 12, 672 
Haie do 4. 253 283 4, 366 
Osmium do 277 17 466 
Rhodium........................ do.... 81, 722 4, 126 17, 394 2, 328 
Ruthenium...................... do.... 3, 997 156 8, 969 
Radium 
Radium salts.................- milligrams.. 23, 333 364 12, 947 185 
Radioactive substitute s (3) 1, 304 1, 509 
Rare errocerium and other cerium 
Ihr; ³W A pounds. 21, 391 78 22, 955 63 
Silver 
and base bullion 
thousand troy ounces.. 43, 404 38, 164 Y, 559 30, 832 
sdeceetdecceduadseduesenecesc do.... 17, 253 15, 797 15, 697 14,173 
Tantalum: Ore....................... pounds.. 3 695, 222 21,127 808, 082 $1,780 
Ore (tin eontent) long tons 14, 026 31, 104 8, 917 21, 923 
Blocks, pigs, grains, etc.............- do.... 1 39, 538 186, 334 39, 898 96, 909 
Dross, skimmings, scrap, residues, and tin 
alloys, n.s.p.f.................. long tons.. 809 1, 642 012 1, 299 
Tinfoil, powder, fitters, eto (3) 839 (3) 676 
Titanium: 
Dmentte. short tons 265, 645 5, 067 195, 836 4, 604 
Ruümlsss.3 do 29, 235 3, 611 27, 497 2, 544 
VW AA pounds.. 4, 461, 737 4, 866 4, 980, 356 b, 352 
Ferrotitanlu ...................... do.... 166, 053 41 364, 721 93 
Compounds and mixtures............do....| 12,258,035 2, 413 18, 044, 423 3, 536 
Tungsten: (tungsten content) 
Ore and concentrate thousand pounds.. 3, 525 3, 478 3 2, 123 3 1, 983 
AA AAA k ⁊ĩð pounds.. 159, 759 370 65, 613 139 
Ferrotungsten.......... thousand pounds.. 167 207 340 422 
Other alloys. ..................... pounds.. 36, 666 62 9, 955 15 
e: 
Ore (zinc content)... .........- short tons.. 1 382, 938 1 38, 704 857, 653 81. 920 
Blocks, pigs, and slabs..............- do.... 120, 925 29, 639 125, 186 27, 540 
Seer —“? do 04 802 1, 183 354 
Old, dross, and skimmings........... do.... 1, 205 189 1, 410 178 
J equae O.... 19 7 86 28 
anufacturesss LL Lll. D 837 (s) 787 
SE Ore, including zirconium sand 
short tons.. 34, 280 1, 234 33, 805 873 
Nonmetals: 
Abrasives: Dimonds (Industrial).......carats..| 1 13, 146, 094 1 51, 836 14, 209, 446 68, 545 
nus Ee short tons.. 669, 496 63, 345 616, 552 58, 942 
sis do.... 1 641, 728 1 5, 008 615, 128 5, 690 
Witherite (crude) do.... 3 1,344 59 31,716 67 
ER do 4, 576 4. 565 543 
Bromine unds.. 145, 943 111 300, 491 196 
Cement 376-pound barrels..| 1 4, 108, 273 10, 306 3, 620, 685 9, 225 
ys: 
ROW EE short tons 153, 349 985 153, 833 2, 955 
Manufactured. ...................... o... 6, 666 118 339 105 
DEG do.... 17, 246 1, 670 13, 814 1, 194 
Feidsper: Crude.................... long tons.. 44 b 
Fluorspar.........................- short tons.. 534, 020 14, 393 605, 759 13, 644 


See footnotes at end of table. 
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TABLE 8.—U.8. imports for consumption of principal minerals and products—Con. 


Mineral 
Nonmetals—Continued 
Gem stones: 
Diamonds.........................- carats.. 
Emeralds ee. do 
C;õöĩ;¹k2n4d“t y EE 
Graphite. EE short tons.. 
Gypsum 
Crude. ground, calcined do.... 
Manutoactureg s 
Iodine, crude............... thousand pounds.. 
eeh A A short tons.. 
HH ydratedgꝝg—ꝛmů— 222 do 
GG; ³ĩÜ¹ mA NC mm. do 
Dead -burned dolomite do.... 
Magnesium: 
Magnesite. .........--.-.....---.---- do 
Compounds......................... do.... 
ca: 
Uncut sheet and punch........... pounds.. 
BCPA EE EE short con: Fl 
Manufacture s. 
Mineral- earth pigments: Iron oxide biene 
i EE do 
Bynthetlo....... ceca eee nre me do.... 
Ocher, crude and refined............. do.... 
Siennas, crude and refined do.... 
Umber, crude and refined............do.... 
Vandyke brown..................... do.... 
Nitrogen compounds (major), including urea 
Phosphate, crude. .................. long tons.. 
Phosphatic fertilizers. ..................- do.... 
Pigments and salts: 
Lead pigments and salts........ short tons.. 
Zinc pigments and salt do.... 
FP ³ðVꝛç do 
Pumice: 
Crude or unmanufactured...........- do.... 
Wholly or partly manufactured do 
Manufactures, n.s.p.f. ..................... 
iustus crystal (Brazilian pebble)..... pounds.. 
Egeter ege short tons 
825 and gravel: 
Glass Sanda a do.... 
Otler neee a do.... 
FFP EE do.... 
Sodium sulfate........... thousand short tons.. 
Stone, including slate and whiting............. 
Strontium: Mineral. short tons.. 
Bulfur and pyrites: 
Bulfur: 
LI Ee long tons.. 
Other forms, pen do 
Pyes AA tae eso texte do.... 
Talc: Unmanufactured..............- short tons 
Fuels: 
Carbon black 
e eee ds... 
Gas black and carbon black.......... do.... 
Anthracite AP M E short tons.. 
Bituminous, slack, culm, and lignite.do.... 
BriquetS.: sce cee See oes do.... 
EEN E do.... 
Peat: 
Fertilizer grade do.... 
Poultry and stable grado do.... 


See footnotes at end of table. 


1960 
Value 

Quantity (thousands) 
2, 167,474 | 1 $165, 555 
81, 1, 463 
(s) 25, 470 
48, 324 1, 755 
1 5, 302, 383 1 9, 038 
(s) 1, 388 
1, 894 1,425 
6, 052 265 
1 676 15 
18, 445 369 
3 12, 932 2 550 
3 118, 780 7,789 
14, 971 546 
1, 088, 021 2, 081 
6, 240 88 
4, 266 6, 139 
2, 976 132 
7,516 1, 100 
230 14 
649 64 
2, 894 98 
195 14 
1 1, 214, 088 1 55.631 
29, 290 3, 754 
117, 450 11,079 
15, 729 3, 224 
15, 582 3, 052 
16 414, 803 14 15.370 
6, 556 58 
3, 916 103 
y 36 
1, 193, 257 615 
1, 057, 028 4, 484 
10, 765 37 
379, 673 516 
3,752 5 
167 3, 473 
(8) 11, 344 
1 6,186 150 
1103, 281 1 2. 268 
1 638, 089 13, 185 
1 306, 216 11,075 
23, 975 849 
6, 785. 095 1, 303 
719, 161 134 
1, 476 16 
260, 495 1, 844 
15,529 1375 
1 126, 345 11, 408 
254, 704 13, 011 
9, 083 498 


1961 

Value 
Quantity (thousands) 
3, 114, 073 $193, 275 

227, 284 2: 
(s) 27, 350 
29, 748 1, 332 
4, 968, 188 9, 094 
(o) 1,212 
3,017 2, 852 
5,415 244 
950 22 
31, 418 491 
4, 256 233 
56, 521 8, 839 
16, 435 518 
852, 648 1, 841 
3, 024 41 
3, 823 6,117 
2, 248 114 
4, 806 777 
91 8 
546 57 
2, 685 93 
168 13 
1, 434, 926 63, 924 
134, 004 8,629 
32, 467 2, 453 
18,155 9, 498 
12. 608 2, 354 
6 465, 057 8 17,327 
6, 907 69 
, 063 116 
(*) 19 
1, 173, 560 798 
1, 050, 084 8, 755 
2 2 
335, 005 441 
43, 287 44 
196 4,153 
(5) 12, 268 

9, 931 

94, 181 1, 934 
737, 336 15, 218 
281, 604 742 
27,355 31,054 
8, 073, 544 1, 482 
557, 327 111 
792 10 
164, 259 1, 360 
7, 338 370 
126, 518 1, 543 
243, 834 12, 620 
8, 603 558 
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TABLE 8.— U.S. imports for consumption of principal minerals and products—Con. 


1960 1961 
Mineral vai vil 
alue ue 
Quantity |(thousands)| Quantity (thousands) 
Yuels—Continued 
Petroleum 
Gude thousand barrels... 400,846 | 13895, 055 411, 908 $033, 310 
Gasoline 7 Ll lll lll. do.... 119, 350 1 64, 667 16, 313 52, 478 
Kerosine u 2... -222-22 ll lll ll. do.... 70 224 1, 524 
Distillate off 2.22 do.... 9, 792 1 30, 798 13, 661 39, 617 
Residual oil e do.... 230, 396 1 482, 471 229, 468 , 286 
Unfinished oils...................... do.... 20, 430 55, 847 25, 802 69, 978 
Asphalt AA A AA do.... 6, 257 14, 379 6, 728 15, 646 
iscellaneous 9.................- EE, (+ DA 6 631 20 


1 Revised figure, 

2 Adjusted by Bureau of Mines. 

3 Less than 1 ton. 

Less than $1,000, 

5 Weight not recorded. 

8 Data covers some quantities furnished by Potash Institute; values adjusted by Bureau of Mines, 
( H Preludes naphtha but excludes benzol, 1960—! 907,649 barrels (! $9,181,905); 1961—460,839 barrels 
$5,476,518). 

! Includes quantities imported free of duty for supplies of vessels and aircraft. 


Compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign Activities, Bureau of Mines, from 
records of tbe U.S. Department of Commerce, Bureau of the Census. 


TABLE 9.— U.S. exports of principal minerals and products 


1961 
Mineral 
Metals: 
Aluminum: 
Ingots, slabs, crude............. short tons.. 
CAD A EE EE EEE do. 
Plates, sheets, bars, eto do.... 
Castings and forgings................ do.... 
Antimony: Metals and alloys, crude..... do.... 
Arsenic: Calcium arsenate............ pounds.. 
Bauzite, including bauxite concentrates 
long tons.. 
Aluminum sulfate.............. short tons 
Other aluminum compounds........ do.... 
Beery Wiis EE pounds.. 
Bismuth: Metals and alloys............. do.... 
Cadmium thousand pounds. 
Calcium chloride. .................. short tons.. 
brome: 
Ore and concentrate: 
e e do.... 
Rips. 8 do 
Chromic acid do 
Ferrochrome...............---...--.- do.... 15, 588 
i unds.. L 798, 218 
Columbium metals, alloys, and other forms 
short tons.. 159, 309 
Copper: 
re, concentrate, composition metal, and 
unrefined copper (copper content) do.... 11,111 
Refined copper and semimanufactures 
0...- 1 510, 494 
Other copper manufactures. _........ do.... 5, 181 
Copper sulfate or blue vitriol........ do. 14. 841 
Copper base alloys . do 1130, 140 
Ferroalloys: 
Ferrosilicon 2.22... pounds.. 11, 002, 848 867 69, 528, 561 6, 105 
Goi A 3 ES do....| 95, 794, 790 2, 095 60, 120, 159 1, 307 
Ore and base bullion.......... troy ounces.. 9, 196 322 13, 717 480 
Bullion, refined g—ꝛq—-- do 37, 676 1, 326 22, 132, 692 774, 521 
Iron ore thousand long tons 15, 273 1 57, 899 4,916 53, 323 


Bee footnotes at end of table. 
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TABLE 9.— U.S. exports of principal minerals and products—Continuea 


See footnotes at end of table. 


1960 
Mineral 
Metals—Continued 
Iron and steel: 
Pie Al EE short tons.. 111, 773 $5, 174 
Iron and steel products (major): 
Semimanufacturess do....| 12,336, 969 1 445, 167 
Manufactured steel mill products 
short tons.. 1 910, 115 1 258, 444 
Advanced products. (3) 157, 686 
Iron and steel scrap: Ferrous scrap, including 
rerolling materials short tons..| 18. 039, 668 1241, 572 
Ore, matte, base bullion (lead content) 
short tons... 1, 207 168 
Pigs, bars, anodes...................- 8 1, 967 748 
l ³ow ee OP a ST do.... 2, 579 361 
Magnesium: 
etal and alloys and semifabricated forms, 
D EE short tons.. 5, 125 3, 695 
POW AAA do.... 7 23 
Manganese: 
Ore and concentrate. do. 5, 139 719 
Ferromanganese..............-2.---- do.... 751 202 
Mercury 
Exports................... 76-pound flasks.. 357 83 
Report 8 0... 317 62 180 33 
Molybdenum: 
n SE concentrate mol dee con- 
Sean O ee ss -| 30, 244, 496 39, 847 35, 661, 001 48, 758 
Metals and alloys, crude and scrap. 140 295, 004 368 440, 849 433 
ENEE MNT do 9, 639 278 12, 488 376 
Semifabricated forms, n... do.... 4, 940 74 7, 362 135 
C ˙¹d ] m eee ce lees do 9, 620 32 11. 816 40 
Ni pe Lromolyodennm ova nur IE do.... 424, 819 489 858, 523 501 
cke 
ORR A short tons 1 4 1, 766 495 
Alloys and scrap (including Monel metal), 
ingots, bars, a eer ete....... short E §2, 468 27, 128 61, 631 24, 960 
Catalyst 0 761 1, 240 805 1, 456 
Nickel-chrome electric resistance wire 
short tons.. 235 969 254 1,079 
Semifabricated forms, n.e.o.......... do.... 644 2, 322 1, 037 3, 980 
Platinum: 
Ore, concentrate, metal and alloys in 
ingots, bars, sheets, anodes, and other 
forms, including scrap.._...troy ounces... 49, 497 3, 212 41, 385 2, 089 
Palladium, rhodium, iridium, osmiridum 
ruthenium, and osmium (metal an 
alloys including scrap)......troy ounces.. 15, 652 504 20, 460 820 
Platinum group manufactures, except 
A A 8 (2) 2, 978 (3) 2, 983 
Radium metal (radium content)... milligrams. . 712 17 334 18 
Rare earths: 
Cerium ore, metal, and alloys. ....pounds.. 15, 410 15 6, 563 80 
Lighter flints . do 27, 517 118 20, 338 89 
Silver: 
Ore and base bullion 
thousand troy ounces.. 201 266 654 
Bullion, refined...................... do.... 26, 302 24, 236 39, 174 86, 361 
Tantalum: 
Ore, metal, and other forms....... pounds.. 49, 965 555 232, 088 1,041 
5 EE do 1, 174 40 5, 585 189 
E pigs, bars, etc.: 
Exports..................... long tons.. 608 ], 204 543 1, 264 
Reœe x pOrt 2 2-2-2. do 249 549 257 626 
Tin scrap and other tin bearing material 
except tinplate scrap... _. -long tons.. 4, 397 1,355 10, 508 3, 352 
Tin cans finished or unfinished...... do.... 32,875 17, 362 30, 929 15, 093 
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TABLE 9.—U.S. exports of principal minerals and products—Continued 


1961 
Mineral 
Metals:—Continued 
"Titanium: 
Ore and concentrate...........- short tons 
E (including fodide titanium) and 
AAA E short tons.. 
Intermediate mill shapes............. do.... 
Mill products, n.e.0.................. do.... 
Ferrotitanium. EE do 
Dioxide and pigments. .............. do.... 
Tungsten: Ore and concentrate: 
ee -Short tons. 
Neerpor ts. do 
Vanadium ore and concentrate, pentoxide, 
2 e (vanadium content)............ pounds.. 
c: 
Ore and concentrate (zinc oe) 
short tons 
Slabs, pigs, or blocks................. do.... 
Sheets, plates, strips, or other forms, n.e.c. 
short tons.. 
D (zinc content deese 
3323 —d.wñ; UON e SE 
n forms, n.o. ccc do.... 
Zirconium: 
Ore and concentrate do.... 
Metals and alloys and other forms 
pounds.. 
Nonmetals: 
Abrasives: 
Grindstones.................... short tons.. 
Diamond dust and powder......... carats.. 
Diamond grinding wheels............ do. 
Other natural and artificial metallic 
abrasives and products 
Asbestos: Unmanufactured: 
A AA short tons: 


Reexports 
Boron: Borie acid, borates, crude and refined 


pounds..| 601,211,757 
Bromine, bromides, and bromates....... do....| 10,241,178 
S FFF 376-pound barrels.. 187, 304 
Kaolin or china clay............ short tons.. 79, 965 
Fire clay................--- lll. l.l. do.... 177,578 
Other clays.......................... do.... 1 272,158 
l ga do.... 226 
Eiere, ee do.... 458 
Graphite: 
Amorphous........................-- do.... 1,377 
Crystalline flake, lump or chip. do 164 
Natural, n.e.c—n- do.... 314 
Gypsum: 
Crude, crushed or calcined 
thousand short tons.. 17 
Manufactures, n.6.C....-------------------- (3) 
Iodine, todide, Geng Greg AA thousand pounds.. 251 
rel and allied minerals short tons 3, 255 
Lim D do.... 61, 056 
eA: 
Unmanufactured................. pounds.. 701, 926 
Manufactured: 
Ground or pulverized............ do.... 7,077,245 
[014,77 A EEE do.... » 354 
Mineral-earth pigments: Iron oxide, natural 
and manufactured............... short tons.. 3, 862 
Nitrogen compounds (major) do.... 623, 370 
Phosphate rock long ona .] 14, 250, 970 1 37, 584 4,122, 732 36, 910 
Phosphatic fertilizers (superphosphates) 
long tons 416, 931 19, 882 469, 197 23, 695 
Pigments and salts (lead and zinc): 
Lead pigments. ................ short tons.. 2, 118 705 2, 302 764 
Zinc pigments. .............-..-.-.-- do.... 2, 327 694 2, 791 759 
Lead salts . do 914 355 464 183 


See footnotes at end of table. 
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TABLE 9.—U.S. exports of principal minerals and products—Continued 


Mineral 
Nonmetals—Continued 
Potash: 
FGCU le OF got ose ee Soe do 
Chemical:zz cocci ach a 98 
Quartz crystal (raw 
EE isotopes, eta curie.. 
Crude and reflned.............. short tons.. 
Bhipments to noncontiguous Territories 


short tons.. 

Sodium and sodium compounds: 
Sodium sultate ee do.... 
Sodium carbonate....thousand short tons.. 


ne: 
Limestone, crushed, ground, broken 


short tons.. 

Marble and other building and monumen- 

JJ!!! ³˙¹ cubic feet. 
Stone, crushed, ground, broken short tons 
Manufactures of stone 

ulfur: 
a AA ee oe 8 long tons.. 
ee ground, flowers of.......... do.... 
‘Crude and ground............. short tons.. 
Manufactures, pop... do.... 
1815 Powders-talcum (face and compact) 
9 Black e thousand pounds. 
0 

Anthracit 8. short tons. 

Bit uminous z do 
Briquet . do 
CORB. S Lu ꝛ¾ m ͤ ß EE do 

Petroleum 

Cr udo thousand barrels.. 
Gasoline G.. do.... 
Kerosihó ees 0...- 
Distillate oil. do.... 
Residual oil do.... 
Mao arg GIII. do 
%%§Üͤ d 8 do.... 
Liruefied petroleum gases........... 5 
Jͤͤ 8 do.... 

Cu EE do.... 
Petroleum. a cuacuc eet do.... 
Miscellaneous do.... 


815, 521 
17, 372 
D 


146, 983 

1 420, 322 
14, 311 
30, 724 
155 

1 926, 197 


431, 262 
153, 106 
Q) 
1, 775, 528 
11,017 


59, 457 
158 
DI 


1 543, 047 


1 1, 440, 400 
1 36, 541,075 


1961 


Quantity 


776, 827 
29, 740 


3 
202, 769 
641, 966 
10, 164 
32, 259 
132 
790, 912 
435. 173 
128, 149 
(2) 

1, 585, 531 
10, 512 
47,912 

134 
Q) 
522, 331 


3 Revised figure. 
3 Welght not recorded. 
8 “est arto by Bureau of Mines. 


‘Includes naphtha, but excludes benzol: 1960—561,193 barrels ($8,951,625); 1961—1,106,390 barrels 


($16,877,309). 


Compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign Activities, Bureau of Mines, from 
records of the U.S. Department of Commerce, Bureau of the Census. 
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TABLE 10.—Comparison of world and United States production of principal metals 
and minerals 


1960 1961 
World United States World | United States 
Mineral A ESO RRA 
Thousand short Per- Thousand short Per- 
tons (unless other- | cent of | tons (unless other- | cent of 
wise stated) world wise stated) world 
Fuels: 
Coal: 
Bituminous....... S 2, 007, 957 412, 766 21 1. 962,276 | 399,959 
nl! 706, 214 2,746 (1) 727, 262 3, 018 (1) 
Pennsylvania anthracite............. 192, 300 18, 817 10 | 190,800 17, 446 
Coke (excluding breeze): 
Gashouse 2 51, 300 (3) (3) 50, 430 (8) (3) 
Oven and beehive................... 308, 209 57,229 19 | 305,901 51,711 17 
Fuel briquets and packaged fuel......... 118, 700 769 (1) 121, 300 691 (1) 
Natural gas (marketable) 
million cubic feet.. (4) 12, 771, 038 0 (4) (4) 3 
EE 68, 500 471 1 69, 700 525 1) 
AE ES (crude) ....thousand barrels. . 7, 674,493 | 2, 574, 933 34 (8, 187,986 |2, 621, 758 32 
Nonmetals: 
Asbestos A ðA 8 2, 440 45 2 2,770 53 
IS A A 8 3,100 771 25 3, 000 731 2 
Cement LL cl sl thousand barrels. .|1, 866, 277 334, 130 18 |1,997,319 | 338,628 17 
SN d EEN A A 8 86 
Diamonds thousand earats..| 27, 7000 4 E h WEE 
Het A 1. 000 450 45 1. 030 450 44 
Felds par thousand long tons 1. 470 502 34 1, 500 497 33 
FOS TEE 2, 190 11 2, 300 9 
E A DUE SORT M 465 (3) (3) 450 (3) (5 
e ß 43. 200 9. 825 23 43, 035 9, 500 22 
Mane. e RE aS 7, 200 7 8, 600 7 
Mica (including scrap) 
thousand pounds..| 365.000 196, 2 54 | 355,000 | 198,568 56 
Nitrogen, agrieultural 10, 800 2, 804 26 11,570 2, 954 26 
Phosphate rock thousand long tons..| 40,870 17,516 43 43,770 18, 559 42 
Potash (KO equlvalent 10. 000 2. 639 26 10, 500 2, 733 26 
Ff See 11, 900 2, 210 19 13, 400 2, 463 18 
Perilis thousand long tons. 19, 300 1. 016 5 19. 400 987 5 
lll!!! ³ĩW³A 8 , 900 25, 481 27 96, 400 25, 707 27 
Strontium nnn ; JJC 8 IJ AA 
Sulfur, elemental...thousand long tons..| 10,290 5,804 56 11, 380 6, 333 56 
Tale, , pyrophyllite, and soapstone 2, 750 734 27 2, 890 761 26 
Vermiculite E 269 199 74 279 207 74 
Metals, mine basis: 
Antimony (content of ore and concen- 

EF. ss short tons..| 61,000 637 1 60, 000 
Arsenic, white 7. 57 (3) (3) 59 (3) (3) 
Bauxite..........__. thousand long tons..| 20,980 ], 998 7 29, 040 1, 228 4 
Beryllium concentrate....... short tons 9, 300 509 5 8, 600 1, 122 13 
Bismut thousand pounds. 5. 300 (3) (3) 5, 500 (3) (3) 
Cadmium: A EE do 22. 100 10, 180 46 20, 100 9, 943 49 
COMI A E tees 4, 930 8 107 2 4,655 § 82 2 
Cobalt (contained) 7 short tons..| 16,800 (3) (3) 16, 100 (3) (3) 
Columbium-tantalum concentrate ? 

thousand pounds.. 6, (// A CCC 
Copper (content of ore and concentrate). 4, 640 1, 080 23 4, 850 1,165 24 
Gall. thousand troy ounces..| 45. 400 1, 680 4 47, 700 1, 567 3 
Iron ore thousand long tons..| 512,329 88, 784 17 | 497,610 71, 329 14 
Lead (content of ore and concentrate) 2, 610 247 9 2, 660 262 10 
Manganese ore (35 percent or more Mn)..| 15,006 80 (1) 14, 933 46 (1) 
RT Fu -.thousand 76-pound flasks.. 242 33 14 240 32 13 
Molybdenum (content of ore and concen- 

CV thousand pounds..| 89,500 68, 237 76 87, 900 66, 563 76 
Nickel (content of ore and concentrate) 359 13 4 396 11 3 
Platinum groups (Pt, Pd, etc.) 

thousand troy ounces.. 1, 250 24 2 1,190 43 4 
A 8 do....| 240, 200 36, 800 15 | 231,800 34, 900 15 
Tin (content of ore and concentrate) 

long tons..| 181,500 10 (1) 188, 000 (3) (3) 
Titanium concentrate: 
A 2,205 786 36 2,313 782 24 
EE EE 114 9 8 128 9 7 
Tungsten concentrate (60 percent W O3) 
short tons..| 69,400 7,325 ll 74, 200 8, 245 11 
Vanadium (content of ore and concen- 

Ente) os conocerlas short tons.. 7, 090 4, 971 70 8, 650 5, 343 62 

Zinc (content of ore and concentrate) 3, 590 435 12 3, 720 464 12 


See footnotes at end of table. 
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TABLE 10.—Comparison of world and United States production of principal metals 
and minerals—Continued 


1960 1961 


World | United States World | United States 
Mineral 


Thousand short Per- Thousand short Per- 
tons (unless other- | cent of | tons (unless other- | cent of 


wise stated) world wise stated) world 

Metals, mine basis—Continued 

Metals, smelter basis: 
nne AAA 4, 985 2, 014 40 5, 195 1, 904 37 
A EEN 4, 950 ; 25 5, 060 1, 207 24 
Tron: pi pig (incl. ſerroalloys) 285, 000 68, 620 24 | 289,350 66,717 23 
PO ANA A 2, 550 15 2, 660 450 17 
Maenesium. .-.-------- short tons. 102, 600 40, 070 39 | 115, 400 40,745 35 
Selenium 7 thousand pounds.. 1, 667 53 32 2, 056 1, 50 
Steel ingots and casting 381, 400 99, 282 26 | 392, 400 98, 014 25 
Tellurium 7 thousand pounds.. 389 271 70 394 205 62 
¿y SE thousand long tons. . 192 * 14 7 190 * 9 b 
Uranium oxide (U,; O.) ..... short tons..| 40,740 17, 760 44 35, 850 17, 399 49 
TEE , 280 800 24 3, 550 84 24 


1 Less than 1 percent. 

3 Includes low- and medium-temperature and gashouse coke. 

3 Bureau of Mines not at liberty to publish U.S. figure separately. 

* Data not available. 

$ Including Puerto Rico. 

* Year ended June 30 of year 33 (United Nations). 

World total exclusive of U.S.S 

5 Produced for Federal 99 only; excludes quantity consumed by American Chrome Co. 
* U.8. imports of tin concentrates (tin content), 


Compiled by Augusta W. Jann, Division of Foreign Activities. 


Employment and Injuries in the Metal 


and Nonmetal Industries 
By John C. Machisok * 


d 


S CHAPTER of the Minerals Yearbook is confined to injury 
experience and employment data in the metal and nonmetal 
mines, stone quarries, sand and gravel pits, iron blast-furnace 

slag plants, and metallurgical plants (including ore-dressing &nd non- 
ferrous reduction plants and refineries) in the United States. The 
1961 figures are a summation of actual company reports received 
by the Bureau of Mines by May 31, 1962. The reports are furnished 
voluntarily in response to an annual canvass requesting injury and 
employment data for individual operations. The information for 
1961 is prelimin and subject to revision. Combined statistical 
data on all mineral industries are included in volume III. 


METAL MINES 


The reports received for the metal-mining industry in 1961 in- 
dicated a decline in the safety record from the preceding year. The 
preliminary injury-frequency rate per million man-hours of worktime 
for metal mines was 4 percent higher than the rate in 1960. The 
greatest improvement in injury experience was made in the uranium 
industry, having a 33-percent decline in the overall injury-frequency 
rate. on mines also showed improvement; the injury-frequency 
rate declined 5 penne The frequency rate of injuries rose, however, 
&t copper, gold-silver, lead-zinc, and miscellaneous metal mines as 
well as at gold placer-mining operations. Hours of work per man 
during the year averaged 2,030, an increase of 55 hours, or 3 percent 
over 1960. An average 8.1-hour shift was maintained throughout the 
year, approximately the same as in 1960. 

Copper.—The injury experience in the copper-mining industry, 
as reflected by the injury-frequency rate, was not as good as in 1960. 
Preliminary data indicated an increase of nearly 3 percent in the 
frequency rate when compared with 1960. Days active remained the 
same (275) as in the preceding year, and employees worked an average 
s Pour shift, accumulating a median total of 2,301 hours of work 


Gold Placer.—Preliminary data for placer operations indicated a 
sharp increase in the injury-frequency rate (fatal and nonfatal) 
compared with 1960. The average days worked at placer mines in- 


3 Chief, Branch of Accident Analysis, Division of Accident Prevention and Health. 
183 
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creased from 165 in 1960 to 194. Employees averaged 1,572 hours 
of worktime each and worked an 8.1-hour average daily shift. 


Gold-Silver.—The safety record of gold-silver mines was not as 
favorable as in 1960, as shown by the overall injury-frequency rate 
increase of 29 percent from 32.48 to 41.96 per million man-hours of 
worktime. The days active increased by 15 over 1960. The length 
of work shifts was approximately the same, but hours worked per 
man per year increased 6 percent from 1,888 in 1960 to 2,006 in 1961. 


Iron.—The combined injury-frequency rate at iron mines in 1961 
was 14.45—a 5-percent decline from the rate of 15.21 in the preceding 
year. The mines were operated 17 days less than in 1960, and the 
same length of shift was maintained in both years. Owing to lessened 
activity, employees accumulated 1,806 hours average worktime each 
in 1961 compared with 1,944 in 1960—a decline of 7 percent. 


Lead-Zinc.—A less favorable safety record than in 1960 was 
indicated at lead-zinc mines. The overall (fatal. and nonfatal) 
injury-frequency rate of 90.15 was 37 percent higher than the rate of 
65.83 in 1960 and marked the third consecutive year in which the 
injury-frequency rate increased. The number of fatalities reported 
by May 31, 1962, indicated a sharp decline in the number of fatal 
injuries in lead-zinc mines in 1961. The mines were operated 26 
more days than in 1960. The men worked the same length of shift 
in both years, and averaged 2,022 hours of worktime each compared 
with 1,813 man-hours each in 1960 (a 12-percent increase). 


Uranium-Vanadium Mines.—Employment in the uranium-vanadium 
industry had increased rapidly during the past few years. Although 
Deacotul uses of uranium ? were being ere) and developed, 
uranium was used chiefly for military applications. Because vana- 
dium is produced in conjunction with mining uranium ores, no 
separation of injury and employment data was available for vanadium 
mining. This industry had grown rapidly in recent years and is 
shown separately in this chapter for the first time. In previous 
publications in this series, it was included with the miscellaneous 
metals group. Preliminary figures indicated an improvement in the 
safety record for uranium-vanadium mines over 1960. The combined 
(fatal and nonfatal) injury-frequency rate of 43.31 showed a 33-per- 
cent decline from the rate of 64.63 in 1960. The mines operated 15 
more days in 1961, and workers averaged 2,003 hours of worktime 
each during the year, a 6-percent increase over 1960. 


Miscellaneous Metals.—This group includes mines producing 
antimony, bauxite, beryl, chromite, cobalt, manganese, mercury, 
molybdenum, nickel, rare-earth metals, titanium, tungsten, zirconium 
and other miscellaneous metals. The rate of occurrence of fatal an 
nonfatal injuries increased, resulting in a 14-percent rise in the overall 
injury-frequency rate when compared with 1960. The mines were 
active 29 more days in 1961 than in 1960. The length of shift was 
about the same in both years, but the number of hours of worktime 
averaged 11 percent more in 1961. 


2 Baker, Don H., Jr. Uranium. BuMines Minerals Yearbook 1960, v. 1, 1961, p. 1153. 
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TABLE 1.—Employment and injury experience at metal mines in the United 
States, by industry groups 


Average | Man- Man- Injury 
Men active days hours rate 
Industry and year working | mine worked | worked million 
daily days (thou- (thou- man- 
san san hours 

(average) 16, 405 304 4, 993 39, 878 82. 95 
) 8 : 5, 188 41, 452 81. 24 
GE 14, 972 261 3, 912 31, 205 29. 75 
105 WEEN 14, 201 232 3, 289 26, 382 27. 67 
EH 16, 275 4, 421 35, 388 23. 88 
2967 Ee Ee el EE 14, 408 275 3, 960 33, 157 24. 55 
1963-58 (average) ........... 1, 983 218 422 3, 437 40. 74 
A NEE 1, 551 186 288 2, 980 59.67 
LEE A 1, 708 172 309 2, 549 47. 48 
CCC 1, 648 160 263 2, 200 50.01 
LL 1,224 165 202 1, 688 41. 47 
1961 1. 797 194 184 1, 253 51.07 

ver: 
1962-56 (average) ........... 3,079 258 795 0, 340 95. 65 
e EE 3, 411 267 910 7, 276 45.77 
C=: 3, 687 248 914 7, 306 41. 88 
C7 3, 592 246 885 7, 076 49. 04 
A A 3, 660 236 865 6, 928 32. 48 
CJ -2-2-20 3, 200 251 826 6, 601 41.96 
1989-56 (average) 28, 455 244 0, 947 55, 728 16.17 
JJ EE 25, 669 252 6, 480 51, 958 12. 18 
„ 2¹, 382 206 4,411 35, 374 12. 61 
ECC 2, 099 179 3, 966 31, 823 15. 59 
po MN EP hens ENDE 21, 170 242 5,131 41, 158 15.21 
RRE 16, 402 225 3, 094 29, 625 14. 45 
1960-06 average) 12, 740 261 3, 319 26, 549 72. 73 
[me S2 ceds canes 11, 777 246 2, 897 23, 168 57. 88 
CC 8, 208 244 2, 023 16, 160 52. 79 
O 7, 605 283 1, 939 16, 515 56. 65 
J 8 8, 137 227 1, 845 14, 750 65. 83 
AA A 5, 530 253 1, 398 11, 181 90. 15 

Uranium-vanadium: 3 
A IA 7,329 233 1, 710 13, 832 64. 63 
GE 5, 305 248 1, 337 10, 806 43.31 
us: 
1952-66 (average) 6, 774 247 1. 674 13, 482 76. 47 
1061. 1 cocos AR exces 8, 385 237 1, 988 15, 916 55. 88 
177%» AA 9, 476 221 2, 004 16, 840 54. 16 
C70 BS 9, 352 231 2, 161 17, 580 45.05 
/§;⁊—t] 2, 989 246 736 5, 908 41.81 
III 2, 222 275 611 4, 893 47. 62 
Total: * 
1952-56 (average) 60, 436 261 18,151 | 148, 420 93 5,831 40. 74 
1 ---.--------- 68, 457 259 17.751 | 142, 181 71 4, 554 32. 53 
1 50, 608 13,665 | 109, 523 70 3, 499 32. 59 
1 one 58, 557 214 12, 503 100, 576 73 3, 281 33.35 
1 ⁰ 60, 505 14, 910 119, 653 84 3, 704 32. 41 
1 48, 044 249 11, 980 97,515 41 3, 251 33. 76 
3 Preliminary 


3 SE included with miscellaneous metals before 1960 
3 Includes antimony, bauxite, beryl, chromite, cobalt (excludes 1900), columbite-tantalite (excludes 1900 
as 1355 magnesium Speier aig sel), e: mercury, molybdenum, nickel, pyrite (excludes 1957, 
1960 and 1961), rare-earths, titanium, and other miscellaneous metals. 
a 102 Metals do not always add to totals Decade — are rounded, 


NONMETAL MINES (EXCEPT STONE QUARRIES) 


Nonmetal mines include those pio uang abrasives, asbestos, barite, 


boron minerals, clay, feldspar, fluorspar, gypsum, magnesite, mica, 
phosphate rock, otash, pumice, salt, sodium, 1 c, soapstone, 
pyrophyllite, and other miscellaneous nonmetals. The injury-fre- 


quency rate tor 1961 in the nonmetal mine group declined 22 percent 
over 1960. Days active increased by 15, or 6 percent. The same 
659873—62——-18 
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average length of work shift (8.2 hours) was maintained in both 
years, and the median man-hours worked per employee in 1961, was 
2,101—an increase of 6 percent over the 1,973 hours worked in 1960. 


Nonmetal Mills.—The safety record in nonmetal mills was not 
quite as favorable in 1961, as shown by the overall injury-frequency 
rate of 21.06, compared with 20.92 in 1960. Work shifts averaged 
8.02 hours in 1961, compared with 8.09 hours in 1960. The average 
number of hours worked per man per year was 2,183 in 1960 and 2,151 
in 1961. 

Clay Mines and Mills.—Clay mines in this chapter cover the prin- 
cipal industrial clays: Kaolin or china clay, bentonite, fuller’s earth, 
ball clay, and fire clay. Injury experience and employment data are 
shown in table 4. The preliminary injury-frequency rate for fatal 
and nonfatal injuries decreased 30 percent, from 28.73 in 1960 to 20.00 
per million man-hours worked in 1961. Days active, however, in- 
creased from 192 to 209. The average number of hours worked per 
man was 1,681 compared with 1,552 in 1960, an increase of 8 percent. 
The preliminary injury-frequency rate in clay mills was approxi- 
mately the same as 1n 1960, as shown in table 4. Days active at clay 
mills increased slightly over 1960 and were reflected in increased 
accumulated hours of worktime per worker in 1961. 


TABLE 2.—Employment and injury experience at nonmetal mines (except stone 
quarries) in the United States ! 


Men Average | Man-days | Man-hours| Number of injuries | Injury rate 


Year working active worked worked. — per million 
daily mine days (thousands) (thousands) man-hours 
Fatal | Nonfatal 

1952-56 (average)..... 13, 624 : 30, 813 37. 78 
198 7;* 8 17, 921 P 37,877 29. 60 
1958... 2.22.2222 17. 8. 0 25 31. 648 28. 00 
10508. os unii 18, 765 , Ab 36, 334 29. 81 
. 1%, 653 : . 515 36, 800 29. 21 
19618... ee ed 14, 645 30, 766 22. 72 


Includes abrasives, asbestos, barite, boron minerals, clay, feldspar, fluorspar, gypsum, magnesite, 
mica, phosphate rock, potash, pumice, Salt, sodium, sulfur, talc, soapstone and pyrophyllite, and otber 
miscellaneous nonmetals, 

3 Revised figures. 

3 Preliminary figures. 


TABLE 3.—Employment and injury experience at nonmetal mills (except stone 
quarries) in the United States 


Men Average | Man-days | Man-hours| Number of injuries | Injury rate 
Y ear working active worked worked. per million 
dally mill days (thousands) (thousands) man-hours 


Fatal | Nonfatal 


— - „ 


1 Preliminary figures. 
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TABLE 4.—Employment and injury experience at clay mines and mills in the 
United States 


per million 
man-hours 


8, 355 3 32 38. 66 
9, 277 6 322 35. 36 
9, 184 5 271 20. 05 
9, 638 5 272 28. 73 
6, 851 2 135 20. 00 
82, 079 5 949 29. 74 
34. 096 5 896 26. 43 
41. 170 7 1, 267 30. 94 
40, 784 6 1,121 27. 63 
32, 898 2 601 27.45 


SAND AND GRAVEL PLANTS 


Preliminary data on employment at commercial and noncommercial 
sand and gravel plants in 1961 represented about 56 percent of the 
number of men employed in 1960. The combined (fatal and nonfatal) 
injury-frequency rate of 18.01 per million man-hours of worktime in 
1961 indicated a decrease of 11 percent from the preceding year. The 
plants were active 217 days, and employees averaged 1,848 hours of 
work each in 1961. 


TABLE 5.—Employment and injury experience at sand and gravel plants in the 
United States 


Average | \fan-days | Man-hours| Number of injuries | Injury rate 
per million 


active wor wor a eae ee ane ees 
plant days | (thousands) | (thousands) man-hours 
Fatal | Nonfatal 


59, 764 1, 763 80. 09 
92, 456 1, 098 18. 64 
109, 830 21 2, 161 19. 87 
95, 749 25 1,919 20. 30 
53, 959 951 18.01 


1 Employment data from Branch of Nonmetallic Minerals, Division of Minerals. 


3 Not available. 
9 Preliminary 


SLAG (IRON BLAST-FURNACE) PLANTS 


Final data compiled as the result of the Bureau of Mines canvass of 
slag (iron blast-furnace) plants for 1961 revealed almost the same 
number of men working as in 1960; however, the number of man-hours 
worked decreased 7 percent. No fatal injuries were reported, and the 
number of nonfatal injuries declined 12 percent. The injury- 
i rate was 5 percent lower than in 1960. 

ployees worked an average of 1,998 hours each, a decline of 7 
percent compared with the 2,150 work hours each in 1960. 
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TABLE 6.—Employment and injury experience at slag (iron blast-furnace) plants 
in the United States! 


Men Average | Man-days | Man-hours| Number of injuries | Injury rate 
Year working active worked worked per million 
dally days (thousands) | (thousands) man-hours 


1883838 1. 882 248 467 3, 776 1 43 11.65 
195959 TT“P 1. 789 254 455 3, 681 43 11.96 
190% 8 1. 680 (2) (3) 3,613 34 9. 41 
„ 1. 682 246 415 3,361 |... a usce 30 8. 93 


1 All data are final. 
2 Data not available. 


METALLURGICAL PLANTS 


Reports received from metallurgical plants (ore-dressing mills and 
rimary nonferrous reduction and refinery plants) for 1961 indicated 
in preliminary figures compiled that the overall injury-frequency rate 
er million man-hours of work was 19 percent higher than in 1960. 
Fhe two additional days active reported in 1961 were reflected in a 
slight increase in the average hours worked per man (2,491 in 1961 
and 2,474 in 1960). 


TABLE 7.—Employment and injury experience at metallurgical plants in the 
United States 


Average | Man-days | Man-hours| Number of injuries | Injury rate 


Year active worked worked per million 

plant days (thousands) (thousands) man-hours 

1952-56 (average)..... 142, 974 698 18. 98 
77 8 280 13. 74 
18 698 13. 60 
1599 22 305 10. 21 
19000 1m ; n 482 10. 29 
1961 %. 114, 073 384 12. 20 

1 Preliminary figures. 


ORE-DRESSING PLANTS 


Ore-dressing plants include those performing the crushing, screening, 
washing, jigging, magnetic separation, flotation, and other milling 
operations of metallic ores. Approximately the same overall fre- 
quency rate was maintained in 1961 as in 1960. Days active, also, 
were approximately the same for both years. Copper, gold-silver, 
lead-zinc, uranium, and miscellaneous metal mills had reported no 
fatalities when these data were compiled. The uranium mills formerly 
included in the miscellaneous metals group, are shown separately as a 
commodity for the first time in this chapter, reflecting the growth of 
this industry. 
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TABLE 8.—Employment and injury experience at ore-dressing plants in the 
United States, by industry groups 


Average | Man- Man- | Number of injuries | Injury 


Men active days hours rate per 
Industry and year working mill worked | worked million 
daily days (thou- (thou- man- 
sands) sands) hours 
Copper: 
1952-56 (average)........... 6, 477 828 2, 124 17, 035 14. 03 
„„ 7, O83 310 2, 261 18, 095 15. 64 
FFW ͤ ͤ eee. 6. 408 283 1, 828 14, 618 9. 65 
TORO GE 5, 588 250 1,304 11, 156 7.35 
FVV e| 317 1.804 14.428 7.35 
Geld-efl S 
1952-56 (average) 466 292 138 1, 099 82. 76 
bo v EVEN NER 468 267 125 1,001 19. 99 
NAS 309 255 102 814 25 30. 71 
so c A A 410 270 111 888 18 20. 26 
boo Adar A 253 286 72 580 2 3. 45 
). 0 A EE 312 248 77 617 11 17.83 
1952-58 (average)........... 4, 335 238 1, 083 8, 331 80 9. 84 
IA APP E, 5, 218 262 1, 867 11, 004 67 6. 18 
7a A 5, 857 246 1, 441 11, 536 60 5.37 
„ 6, 324 196 1, 240 10, 035 56 5. 68 
A A 6, 413 258 1, 653 13, 320 79 5.93 
1961 AAA 5, 183 270 1, 309 11, 218 60 5. 62 
1062-56 (average)........... 3, 605 254 917 7,855 162 22.16 
A — 3, 280 252 826 6, 609 104 15.74 
¿A ͤ 2, 380 260 618 4, 945 50 10. 11 
LEE 1, 659 259 430 8, 435 51 15. 14 
E 1% „ A lm 6 SS 
Uranium · vanadium: 3 
1 imm m| m m a um 
FFF s 
Miscellaneous metals: 3 
1952-56 (average)........... 9, 770 808 1, 161 9, 296 282 30. 44 
MEI eebe Seegen 5, 517 296 , 635 13, 087 273 21. 17 
12220 4. 873 270 L 236 9. 886 192 19. 42 
AA 5, 442 1, 632 13, 107 146 11. 87 
Cõ§˙—oð 6, 416 323 2, 073 16, 605 88 5.36 
1961 1... aei s eere ere ee 1, 887 310 585 4, 682 48 10. 25 
0 
1952-56 (average) 18, 659 288 5, 373 43, 116 706 18. 60 
EEN 21, 566 288 6, 214 49, 795 743 15. 10 
8 A 19, 677 266 5, 225 41, 799 407 11.24 
C0 A 19, 423 248 4, 208 38, 621 853 9. 27 
LEE 22, 529 297 6, 689 53, 838 488 9.19 
1961 l... ( 16, 250 296 4, 808 38, 514 853 9. 24 


¡Preliminary figures. 

Uranium - vanadium included with miscellaneous metals before 1960. 

3 Includes alumina, antimony, bauxite, chromite, columbite-tantalite, manganese, mercury, Do 
denum, nickel, rare-earths, titanium, tungsten, uranium-vanadium (excludes 1960 and 1961), and ot 


4 Metals do not always add to totals because figures are rounded. 
NONFERROUS REDUCTION PLANTS AND REFINERIES 


The plants and refineries that compose this section of the mineral 
industries are engaged in the primary extraction of nonferrous metals 
from ores and concentrates and in refining crude primary nonferrous 
metals. The combined (fatal and nonfatal) injury-frequency rate per 
million man-hours of worktime in these plants increased 25 percent 
from 10.93 for 1960 to 13.71. Days worked averaged approximately 
the same, and the average number of hours worked per man per year 
was 2,558 in 1961, compared with 2,532 hours each in 1960. Data 
on injury experience and employment at primary aluminum smelters 
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and reduction plants and refineries are shown separately. These 
data were formerly included in the miscellaneous metals group. 


TABLE 9.—Employment and injury experience at primary nonferrous reduction 
and refinery plants in the United States, by industry groups 


Average 
Men active 


Industry and year working | smelter | worked million 
daily days (thou- man- 
sands) hours 
D 
1952-56 (average)..........- 11, 887 317 8,611 28, 985 378 13. 18 
1777 (8 11, 826 323 3, 821 30, 583 375 12. 43 
pos A ³˙ Ä 10, 801 312 3. 370 26. 066 426 15. 95 
77/7 E 11, 204 262 2, 930 23. 516 230 9. 95 
%%% ³ AA 11, 805 313 3, 693 29, 445 370 12. 67 
AR AAA 11, 414 329 3,750 29. 999 420 14. 10 
1952-56 (average)........... 8, 583 304 1,001 8, 726 111 12. 95 
APA AO 3, 439 314 1, 079 8, 629 137 15. 99 
7//§§³˙³ 0 SOSA RXRMS 2, 990 297 890 7.120 118 16. 85 
/ nce ec EE 8. 090 228 698 b. 585 129 23. 28 
EE 2, 782 267 742 5, 039 103 17.51 
!!; 2, 493 300 747 8,975 116 19. 41 
e: 
1952-56 (averare)..........- 9, 389 342 3.211 25, 554 29. 15 
Ly A oA 9, 203 326 3, 023 24. 083 26. 41 
.. iw ecalcoxs 7, 323 822 2, 361 18. 891 20.17 
TN ege eer eg ?, 243 327 2, 370 18. 951 19. 05 
nl: meuble dori 7. 392 293 2, 160 17, 354 10. 19 
„ ege eg 6, 518 328 2, 138 17, 107 21. 16 
Aluminum: 3 
EEN 12, 630 346 4,385 34, 920 6 16 
C/ RRR PESOS 7,522 316 2,378 19, 027 6. 15 
Miscellaneous metals: ! 
1952-56 (average) 13, 408 345 4, 627 36, 593 18. 36 
LEE 19, 118 359 6, 866 54, 398 7.26 
1058 EE 11. 309 344 3, 886 30, 998 9. 97 
Neger 14. 695 359 b, 280 42. 239 5. 52 
e A 1, 551 315 489 3.913 7.16 
A ! . 3 1, 589 271 431 3. 451 5. 2 
Total: $ 

1952-86 (averave)..... 37, 768 332 12, 540 00, 858 19. 14 

. 43, 646 339 14, 789 117, 604 13.16 

11 32. 432 324 10, 508 83, 974 14. 77 

C77 ets 36, 312 1], 267 90, 291 10. 61 

// AAA 36. 160 317 11, 459 91. 572 10. 93 

ec 29, 320 9, 445 75, 559 13. 71 


1 Preliminary figures. 

3 Aluminum included with miscellaneous metals before 1960. 

Includes aluminum (excludes 1950 and 1961), antimony, bauxite, chromite, cobalt, magnesium, tin, 
titanium, and other miscellancous metals. 

4 Metals do not always add to totals because figures are rounded. 


STONE QUARRIES 


The safety record of the stone-quarrying industry, as indicated by 
preliminary figures derived from actual company data, improved in 
1961. The overall See e rate (fatal and nonfatal com- 
bined) per million man-hours o worktimns decreased approximately 10 
percent from 23.26 in 1960 to 21.05. The average hours worked per 
man per year was approximately the same as in 1960. 


Cement.—Injury experience in the cement industry (quarries and 
mills) improved. Preliminary figures indicated a 16-percent decline 
in the overall injury-frequency rate from 4.79 in 1960 to 4.03. The 
average hours of worktime per man was 2,455—approximately the 
same as the 2,457 hours worked in 1960. 
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Granite.—A decline of 5 percent was noted in the granite industry’s 
preliminary injury-frequency rate (fatal and nonfatal) of 31.75, com- 
pared with the final rate of 33.39 in 1960. The average hours of work- 
time per man increased 2 percent from 1,941 in 1960 to 1,980. 


Lime.—Incomplete coverage of injury experience and employment 
in the lime industry in 1961 indicated a decline of 13 percent in the 
Eo ab Rer rate from that in 1960. Employees worked an 
average of 2,350 hours each in 1961, an approximate 3-percent decline 
from the average of 2,415 hours in 1960. 

Limestone.—The limestone industry's preliminary injury-frequency 
rate was less favorable than that in 1960. The frequency of injuries 
per million man-hours rose 2 percent over 1960. The average hours 


worked per man during 1961 declined 3 percent—from 1,980 in 1960 
to 1,930. 


Marble.—The combined injury-frequency rate (preliminary) in the 
marble industry was 50.84, or 6 percent higher than the rate of 48.01 
for 1960. "The hours worked per man averaged 2,019, compared with 
2,088 in 1960, a 3-percent decline. 


Sandstone.—Preliminary figures indicated an improvement in the 
safety record of sandstone and associated operations in 1961 as shown 
by a 7-percent decline in the overall injury-frequency rate. Workers 
accumulated an average of 1,579 hours of work each in 1961, a 4-per- 
cent decrease from the 1,653 work-hour average in 1960. 


Slate.—The injury-frequency rate for the slate industry was not as 
favorable as in 1960. The rates were based on nonfatal injuries as no 
fatal injuries were reported in either 1961 or 1960. Each employee 
accumulated an average of 2,043 hours worktime during the year, an 
increase of 6 percent over the 1,925 hours recorded in 1960. 

Traprock.—The combined (fatal and nonfatal) injury-frequency 
rate for the traprock industry improved, as shown by a 7-percent 
decline from the 1960 rate. The hours worked per man averaged 
1,793—an increase of 6 percent over the 1,697 hours worked in 1960. 

Miscellaneous Stone.—Preliminary 1961 figures revealed a decline 
of 58 percent in the overall injury-frequency rate for the miscellaneous 


stone group. Each employee averaged 1,650 hours worktime in 
1961—almost identical with the 1960 average (1,651). 
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TABLE 10.—Employment and 
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Number of injuries | Injury 


hours 
worked 
(thou- 

sands) 


Man- 


Industry and year 


Cement: ! 


SIRERE 
8 


3888888 


Nees 
y yá 


i 


Granite: 


j|, AAA E 
1000 e— ³· Peer 


II)); 8 
1 


1952-56 (average)........... 


TELET 
EEEE T 


/! 
177 
;;» ⁰⁰ cues 
A 0;öO 8 


1952-56 (average) 


1952-56 (average 


17777/ÄÜ; ⅛ẽℳ:ꝛ 8 

1 A sce 

10h eee 8 

10018 AA, 
Limestone: 


333238 


SSLSSS 


SER B 


SGD 


das R 


888828 


KSINR 


13. 
10. 8 


1988 886 
A A 


1952-56 (average) 


177A tea ced 

19883838388 ce sce 

“., AA 

1000: coccion cra 

1961 3 AA 5A 
Sandstone: 


1952-56 (average) 


19001 5. Leer 


Marble: 


£25328 
888884 


SRRRES 
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Miscellaneous stone: * 
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1 e! 
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* U a 
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1 3 : 
S22 
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ed «cO 09 v 


A 
1000 A 
„ ee see ge 


II 
( rce eo ce 


To 


RARERAS 
ASN NN 


SS SSS 


AMANN e 


oe @ 985 9 6 
eet @ @ @ 8 
9 9 @ @ @ o 
99 $9 @ @ o 
€ * 9 8 @ 6 
om 0 © i 9 6 
t 9 è @ 4 
9€ 03 9 (€. 
$59 9$ @ 0'. 
eee 39 9 
2 9 „ !' 8 
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1957. 


Stones do not always add to totals because figures are rounded. 


Not compile 


Not 


3 Includes burning or calcining and ot her mill operations. 


3 Not avallable. 


Mineral Production 


(Comparison of Bureau of Mines and Bureau of 
the Census 1958 Data) 
By Mary S. Lanier? 


* 
E. BUREAU OF MINES collects annually from mineral pro- 


ducers, processors, and users—on a voluntary basis—information 

on mineral commodities at various stages in their progression 
from mine to end use. For some minerals there are monthly or 
quarterly canvasses as well. Production data are tabulated and pub- 
lished on a commodity basis; that is, the total of a mineral commodity 
ee is available regardless of the industry classification of the 
producer. 
_ The Bureau of the Census in its economic census program, which 
includes the Census of Mineral Industries, collects data on expenses, 
capital expenditures, horsepower of equipment, energy use, and 
Se ty produ on as well as on selected „ and ship- 
ments. ese data are collected on an establishment basis; ea 
establishment is then classified for purposes of tabulation and pub- 
lication according to its major activity into an industry as defined by 
the Standard Industrial Classification Manual. 

This chapter compares Bureau of Mines mineral production data 
for 1958 with those of the Bureau of the Census, U.S. Department 
of Commerce, as presented in its reports of the 1958 Census of Mineral 
Industries. The two agencies cooperated in conducting the 1958 
Census of Mineral Industries so that comparable coverage and, so 
far as feasible, unduplicated results, would be obtained. Joint forms 
were not used in 1958. 

Prior to the 1958 canvass, the Bureau of Mines provided the Bureau 
of the Census with supplemental mailing lists to (1) assure that 
coverage would be identical and (2) provide Census with a list of 
establishments having no employees. Also, the Bureau of Mines 
played an important role in designing the 1958 census questionnaires 
so that duplication of requested data would be minimized. At the 
same time, items to be included by both agencies for relating the 
more detailed statistics were determined. 

The Bureau of Mines and the Bureau of the Census cooperated in 
developing & table comparing the basic statistics tabulated by the 
separate agencies. The comparison of E and value data for 
each mineral or mineral commodity has been designed and explained 
where necessary so that users of the statistics can understand any 
major differences. The comparison also provides an approximate 
measure of the extent to which coverages of the two agencies match. 


1 Research assistant, Office of Chief Statistician. 
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TABLE 1.—Comparison of the Bureau of Mines and 


Commodity data 


Bureau of Mines Bureau of the 
Census 
Mineral 
Quantity 
(thousand 
Measurement | short tons Value Measurement 
stage unless (thousand stage 
otherwise dollars) 
specified) 
Mineral fuels: 
As ne and related bitumens (na- 
tive): 
Bituminous limestone and sand- Production 
ama Production 1. 326 8,343 || Shipments. 7771 
roduction........ 
Gilsonite........-.--------------|----- do 317 4, 864 EE = E 
Carbon dioxide, natural, estimate |..... 9 72, 616 19222 P 
(thousand cubic feet). 
Goa: Producti 
roduction........ 
Bituminous do.. 408019 | 1,990,575 || Net shipments 
?roductlon........ 
a do........--- 2, 427 5, 706 (Net shipments.... 
SE: (o EE EN 21,171 187, 898 roduction........ 
Pennsylvania anthracite..... "m ee SE 20, 976 186, 665 | Net shipments... .. 
Crude petroleum (thousand 42-gal- | Production 2, 449,016 | 7,380,065 |[Production........ 
Jon barrels). Shipments 
Field condensate and drips (thou- |..................]............|- -.-. e----.-| Sbipments........ 
sand barrels). 
Helium (thousand cubic feet) Production...... 352, 134 rc 
Ge E 13, 146, 635 (1) Production........ 
X TAWAIS. 
Natural gas (million cuble feet). Marketed pro- | 11,030,298 | 1,317,492 Shipments 
duction. 
Natural gas liquids (thousand 42- |[roduction...... 204, 749 689, 710 | Production........ 
gallon barrels). i1Shipments...... 292, 128 () Shipments. ....... 
Peat E rS 328 8, 448 | Production 
cc Suipments () (1) Shipments. ....... 
Nonmetals: 
Abrasive stone Production...... (1) S ³ AAA à 
Natural abrasives, except sand. 224 sued ee 
. Productlon........ 
Asbestos: Crude and prepared....... Sold or used 44 5,127 m hipments 
Barite 
Production 
E 605 e EE 
LÉIER {Sin or plant 486 {shipments RE 
output. (D. O cee arri 
Prepared BEER El A i dee S Shipments A ee 
Boron minerals. Sold or used..... 528 38, 310 | Shipments........ 
Bromine (thousand pounds)......... Sales 176, 397 46, 689 |..... dO. AA 
Cement (thousand 376-pound bar- F 321, 400 (1) Production........ 
rels). Shipments...... 317, 263 1, 038, 672 |..... G 


See footnotes at end of table. 
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Bureau of the Census mineral production data for 1958 


Commodity data—Con. 


Bureau of the Census— 
Continued 


Total 
industry 
value of 


(thousand 
dollars) 


shipments 
and receipts 


Total 


produced 


in all 


industries 
(thousand 


dollars) 


Primary products, net shipments 


Industry data, Bureau of the Census 


Produced | Produced 
in specified | in other 


industry 
(thousand 
dollars) 


industries 
(thousand 
dollars) 


195 


Secondary 
products, 


services, 


and resales 
(thousand 


dollars) 


8, 041 


(?) 


2, 390, 677 
11, 035 
290, 342 


2, 319, 162 
2, p See 7, 809, 998 


DI 
576, 008 


1, 625, 098 


8, 027 


D 
2, 055, 042 
11, 021 
196, 425 


7, 082, 194 


0 
1, 294. 271 


699, 328 


4, 253 


6, 899, 121 


183, 073 


14 


8, 510 


4, 900 


31, 868 


32, 275 
2, 306 


16 


1, 062, 849 


1, 059, 967 
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TABLE 1.—Comparison of the Bureau of Mines and Bureau 


Commodity data 
Bureau of Mines Bureau of the 
ensus 
Mineral 
8 Weis 
ousan 
Measurement | short tons Value Measurement 
stage unless (thousand stage 
otherwise dollars) 
specified) 
Nonmetals—Continued 
CIA A A Sold or used..... 43, 750 143, 487 
Ball clay and kaolin: 
A . —. 0 2.60 44.924 (Vet shpmentz 
p f (i) (1) Shipments 
Ball cla. Sold or used 397 r SEES 
Paoli. 111 GE o b 2, 222 r 
Prill —:!!;ze A 
Production 
A AAA Sold or used 1, 291 15,317 Net shipments... 
Prepared AREA DEE ³Ü6 A G 
Common clay and sbole‚e‚e‚e‚e‚e‚‚e‚e‚e E, E Shipments 
S sce oL Sold or used.....| 30, 674 88, 217 6 
„ f . ß GEN G conosce 
a AAA A Sold or used..... 8, 808 40, 420 | Production........ 
GEET EE EE, AAA ĩ 8 cae iene e 
(en PAM EE, PA ( BEE 99 
Fuller's earth.... Sold or used 358 7,609 | Net shipments.... 
Diatomite: Prepared. - — 438 20, 216 uu 
As EE, GES 40 8 A reccciE cue 
Feldspar 
AAA i eui 4 520 4. 278 e 
pmentS........ 
Peper. A | AA 470 6, 540 9 
Fluorspar: 
Production 
e eet Ra ee Ae ee Production...... 818 (1) Shipments- aaa 
5 Product ion 311 (1) {Shipments 27 
e A Shipments........ 
Net shipments.. 320 15, 071 | (Net shipments.._. 
Garnet (abrasive)................... Sold or used 12 860 A AN 
Gem stones Production...... (9 100 00;oðĩ e sues E cES 
Gypsum: 
orude——.———— de 9,000 | — 32495 A 
Prepared EE PE hy WE, EE 98 cns 
p^); dem: Sold or used..... 9, 211 121,193 |..... 409 acies 
(5) „ Production 
Magnesite and bruelte { oi (s) vu Shüpments. 
Aplite, kyanite, laterite, and oll vine do 
Magnesium compounds, seawater, | Sold or used 207 16, 419 | Shipments........ 
and brine (except for metals) (MgÓ 
equivalent). 
Mica: 
Production........ 
Scrap (or flake) mica............|..... l 93 2, 065 Shipments........ 
Sheet mica (thousand pounds) S8 661 2, 844 ien o 
Ground mica - o 98 5, 560 |..... 0 


Bee footnotes at end of table. 
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of the Census mineral production data for 1958—Continued 


Commodity data—Con. 
Industry data, Bureau of the Census 
Bureau of the Census— T 
roducts, net shi ts 
8 tity Primary products, ne pmen — 
tons Val Industry Total Produced | Produced 
unless (thousand shipments produces ins 
specified) (thousand | industries sand and 
(thousand 
dollars) 
3,044 O) | 
314 3, 066 1455 47, 664 
2,311 44, 598 
@) 8 8 J!! 8 
RÉI (0) 1452 23, 207 
1, 343 21, 813 
1, 558 
Ken % 1450 68, 202 
3, 649 26, 191 
8, 724 
3, 517 389 | 1453 83, 497 
1, 033 6, 070 
285 6, 778 1454 6, 778 
458 
452 (3 114 1400 0) 
® Y 1497 (3) 
506 () | 
120 366 1456 7,018 
465 6, 608 
836 
268 i bas | 1473 15, 443 
366 16, 966 " 
215 15, 443 
® (3) 1497 (1) 
® ol * 1499 @) 
0, 384 (1) 
737 1, 414 | 1492 34, 160 
3, 829 939 
8, 259 108, 976 3274 108, 976 
508 (1) 1457 7, 270 
154 7, 270 
234 2, 777 3 1459 (3) 
O) 12, 768 3 2819 12, 768 
106 1 
3) o =| 
407 (1) 1493 10, 490 
406 2, 702 
115 &, 950 
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TABLE 1.—Comparison of the Bureau of Mines and Bureau 


Commodity data 


Bureau of Mines Bureau of the 
Census 
Mineral 
Quantity 
(thousand 
Measurement | short tons Value 
stage unless (thousand 
otherwise dollars) 
specified) 
Nonmetals—Continued 
Perlite: 
1 Production........ 
(ei ee EECH Production...... 372 (1) Shipments 
Prepare ceeecec- Sold or used 202 e 
Phosphate rock: 
rude ore or matrix (thousand | Production. 46, 450 (1) { Weeer 
long tons). 0 1 Production 
Washed or concentrated 00 12. 360 (1) Shipments. L 
Dried, calcined or sintered.......|..... doo 9 11, 486 AN E aa 
Net shipments by industry...... Sold or used..... 14, 879 93,693 | Net shipments.... 
Potassium salts: 
Crude. earn eben Ae Production 12, 224 (1) Production........ 
NMiarket able Sold or used 3.6% ) 75. 000 pon e 
K10 equivalent. ln 400 2,147 rtr 
Crude and prepared (i) (5) Shipments 
NCT Sold or used. 1,973 5, 287 e M 
3 
pyrites (thousand long tons) Production...... 974 7, 987 een A See 
I!!!! 8 Sold or used 21.912 141,500 irc 
Bock E MA A NHS N 5. 407 37,125 | Shipments........ 
Evaporated sal ib 3. 762 62,373 |..... 0 ³ 
Salt in brine.....................|---.. 4 cicewwex 12, 743 42-002 | A quee A 
Sand and gravel I 684. 498 652. 789 EE 
Common sand...................|.---- do: e les 230, 451 220, 386 MEDI EE EE 
Commercial sand 889 200. 371 203.4278 | ol-crsuwerva ew EC 
i a do..........- 30, 080 16. % % E 
sand. 
Glass sand AU do 5, 575 r 
Molding sand . distin 5, 632 12, 827 { ME 
Gravel... do 442,840 | 401.718 4 sree 
Commercial gravel..........|..... 9 277. 716 rr ad 
Government and contractor G 165, 124 110,58 
gra vel. 
Sodium carbonate (natural) o 629 17,032 | Shipments 
Sodium sulfate (natural) S 347 6,716 |..... 49 ĩ e 
Stone, total 4 unn S 535. 923 826,685 | Net shipments.... 
Dimension, total N 2, 522 $0, 254 |..... 0 
Rif EES G 1, 220 18, 152 |..... oo0ͤ 8 
Dresscclll)l!l)) 4 W 1,302 2.102 |a... P 
Limestone, total I 979 18,757 |..... T: ONERE ER 
IT E PAN „ 542 4.239 |..... OO eege, 
Dressed eee •„éc—„ Mic cda 437 14,518 |..... C 
Granite, total. le o 62¹ 24,059 |..... FFV 
RGOI KR N 281 9.4192 4 
resse ccc Ä (OG usse duras 340 14,640 |..... GT 
Stone, n. e. e., total „ 24 37,438 |..... o 
Roten 0 307 4,404 |..... VV 
Dressel loco... do. 525 32,944 |..... 49 ĩ 


Bee footnotes at end of table. 
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of the Census mineral production data for 1958—Continued 


Commodity data—Con. 
Bureau of the Census— 
Continued 
uantity 
(thousand 
ort tons Value 
unless (thousan 
otherwise dollars) 
specified) 
304 (1) 
18 92 
278 () 
265 2, 512 
46, 031 (1) 
3, 162 8, 
636 (1) 
8, 492 41, 607 
11, 747 (1) 
11,817 81, 440 
15, 606 99, 036 
12, 224 0 
3. 710 1) 
4,002 | 82, 468 
2, 093 (1) 
2, 073 5, 486 
1, 025 (1) 
377 2, 392 
(1) (1) 
5, 447 40, 525 
3,815 86, 544 
() 
22, 78 Q0 T 
219, 407 219, 246 
8 8 
7,446 (t) 
7,421 21, 955 
7, 763 (1) 
7,709 19, 021 
306, 042 (1) 
202, 516 300, 
() 3 
(1) 1 
039 17,175 
344 6, 495 
(M) () 
2, 957 80, 559 
1, 642 18, 513 
1, 295 61, 948 
1,129 18, 331 
705 , 009 
424 11 322 
807 29. 827 
333 3.711 
474 26. 116 
1,021 82, 401 
624 7,803 
307 24, 508 


| 3 1499 


1475 


Industry data, Bureau of the Census 


Primary products, net shipments 


199 


(thousand 
dollars) 


(3) 


125 


Total 
industry 
value of Total Produced | Produced 
shipments | produced |in 1 in other 
and receipts in all industry | industries 
(thousand | {Industries | (thousand | (thousand 
dollars) (thousand dollars) dollars) 
dollars) 
2, 604 2, 604 (3) (3) 
132, 004 99, 036 99,036 |...........- 
(2) (2) (2) (2) 
5, 002 5, 006 (3) (3) 
(2) 2, 302 (2) (2) 
41, 813 40, 525 (1) (1) 
(2) (2) (2) (2) 
560, 808 591, 188 $18, 457 72, 731 
() o () 0) 
28, 343 21,955 19, 442 2, 513 
16, 373 19, 021 14,319 4, 702 
Q) (3) (n (3) 
(3) (3) (3) (2) 

(2) (2) (3 (2) 
114117 15,864 | 22.154 135,275 6879| 585 
72, 597 (2) ) (2) 
11411 4.174 | 719| 1,128 3011] 46 
16, 243 ) 
171711 5. 577 5861 5166 el 111 
28, 831 (2) (2) Q9 
"Mul O 6.113| 5, 151i 5,8790 3,173 134 
28, 523 (2) OI (3) 
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TABLE 1.—Comparison of the Bureau of Mines and Bureau 


Commodity data 
Bureau of Mines Bureau of the 
Census 
Mineral 
Quantity 
(thousand 
Measurement | short tons Value Measurement 
stage unless (thousand stage 
otherwise dollars) 
specified) 
Nonmetals—Continued: 
Stone, total—Continued 
Crushed and broken, total. Sold or used.. 8533,40 | 746,431 [(Eroduction....---- 
Commercial. dO. oe 483, 634 604, lk Se eect 
Government- and contractor 1... S 49, 767 51,030 |... losses Ros a 
Limestone 6 AAA 390, 468 516, 765 (ve äere - 
A e 31, 337 45, 432 (Not Spann 
Stone neee A do. XT 111. 596 184, 234 {Net 1 
Sulfur: 
Frasch process sulfur (thousand roduction...... 4, 643 (2) Production. 
long tons). [Shipments ....- 4. 644 109, 272 | Shipments 
Other Production. 6 1 Production........ 
REENEN [(Shipments 154 1,505 | Sbhipments 
Elemental). Production 642 (1) na. 55 
Talc, soapstone, and pyrophyllite: 
1dr ———.——ꝑ—u— 40—.—— 78| 4.716 (Net shipments... 
Pepe. 8898 633 13, 856 | Shipments 
Crude and prepared Sold or used..... 694 cee oraz: 
„ EE 48 47 S/. ER 
Vermiculite: Crude.................|..... do ccn 191 e 
Other nonmetals n. e. c.: 
VVV Production...... o E ee 
Production........ 
Prepared. . eessen EI eech 5 
Metals: 
Antimony ore and concentrate (anti- | Productlon 716 Q) Shipments........ 
mony, content) (short tons). 
Bauxite (thousand long tons): 
Crude { „ 1, 584 12,815 | Production 
EE E Shipments...... 1, 649 13, 984 | Shipments........ 
CCC Production e ee 
Net ien d ĩ mech Net shipments.... 
Product lion 505 OI Production 
Beryllium concentrate (short tons) Ee 5 505 243 | Shipments........ 
Chromite: 
Crude chromium o res „„ Production 
Chromium concentrate Shipments...... 144 6,187 | Shipments (crude 
ore and con- 
centrate) 
Cobalt (content of concentrate) | Production 4, 844 (D^ A 
(thousand pounds). 
Columblum-tantalum concentrate | Shipments...... 428 (D. AAA 


(thousand pounds). 
Bee footnotes at end o 
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of the Census mineral production data for 1958—Continued 


Commodity data—Con. 
Bureau of the Census— 
Continued 
tity 
ousand 
tons Value 
unless (thousand 
otherwise ollars) 
specified) 
406200 | 6 640 
(1) (1) 
e 388,360 | (1) ——— 
309, 491 459, 564 
33, 812 (1) 
33,812 49, 961 
62, 420 (1) 
61, 397 107, 124 
4,042 |.............- 
4, 607 105, 995 
12 (!) 
12 205 
600 Q) 
628 16, 465 
re NEE 
237 1,574 
600 17, 503 
Q9 (n 
® () 
206 AAA 
2 35 
A 
200 3, 606 
() 3, 157 
1, 612 
, 662 a, e07 
136 (1) 
137 2, 548 
1, 658 17, 080 
474 
474 o 213 
800 0 
150 6, 001 
® () 
(6) Q9 


0669878—02— —14 


. Industry data, Bureau of the Census 


pmen produced |in 8 


and rece 


Produced | Produced 


ified 


in other 
industries 
(thousand 

dollars) 


201 


— — —— — EEN 


* 


3 1099 


1051 


3 1099 


E 


* 1069 


3 1069 


17,355 


213 


0 


() 


301 


19 
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TABLE 1.—Comparison of the Bureau of Mines and Bureau 


Commodity data 


Bureau of Mines 


Mineral 
19 
thousan 
Measurement short tons Value Measurement 
stage unless (thousand stage 
otherwise dollars) 
specified) 
N 
opper: 
Crude ore mined in the copper | Production...... 114, 824 () Production 
ores industry. 
Copper concentrate (thousand | Sold or treated..| 1,819, 465 (1) Shipments........ 
pounds of metal contained). 
Copper precipitate (thousand |..... AAA 198, 000 55 E ceci xc 
pounds of metal contained). 
Recoverable content of copper- | Mine produc- 979, 329 515,127 | Production........ 
bearing materials (short tons). tion. 
Copper, lead, zinc, gold, and silver |.....do........... 134, 516 (i) { F 
ores. Ship ments 
Gold: 
e: 
Crude ore mined in the in- |..... 9 2, 518 Q)  |..... lee ee 
at te (th dt 
oncentra ousand troy Po — |  — [......... Production 
e eo Es (UA) ` D" Sbipments 
Mill bullion (thousand troy | Production...... 692. 3 00 14 dO. ee 
or fine onces). 
Placer 5 troy or fine |..... 9 871 12, 984 { Aere 
ounces), Shipments 
Metal content of gold- bearing ma- do —̃ L 739 60,874 | Production 
terials (thousand troy or fine 
ounces). 
Iron ore, except manganiferous iron 
ore: 
Crude (thousand long tons) Production...... 109, 815 (1) ere 
Direct-shipping ore, concentrate Net production. 66, 959 (1) Net production.... 
un EE (thousand ji Net shipments.. 66, 288 569, 154 | Net shipments. ... 
Lead (short tons,recoverable metal | Production...... 267, 377 62, 566 | Production........ 
content). 
Lead de (short tons, metal con- | Shipments...... 257, 909 (i) Shipments 
tained). 
Lead cnen tmn Production ........ 
Lead and rinc ores: 
Crude ore mined in the indus- | Production 16, 534 (7 [..... 8 
tries. 
Manganese ores (thousand long tons): 
F 
r ³˙0¹] . ⁰ ¼m ] ͥ re.. 5mm A 8 Sbhipments 
Net shipments.... 
35% or more manganese. ........ Shipments...... 288 23,637 | Shipments........ 


See footnotes at end of table, 
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n data for 1058—Continued 


ef the Census mineral produotio 


Industry data, Bureau of the Census 


Quant 
(thousand 
sbort tons Val Total 
cod produced in specified | in other | and resales 
ts} in all industry industries 
industries (thousand (thousand 


(thousand dollars) dollars) 


17, 284 


——— 2 — —— ap mm — ET —]— 2 cone me mm e — „ 


E --———————— —— ep mm m —— — — —— — 2 — —— e om rr roo” 


12 


() 


14, 050 


4,141 


() 
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TABLE 1.—Comparison of the Bureau of Mines and Bureau 


Commodity data 


Bureau of Mines Bureau of the 


Census 
Mineral 
Measurement Measurement 
stage unless stage 
otherwise 
specified) 
Metals—Continued 
Manganiferous iron ore (thousand 
long tons): 
§ö O EE EE eae Productlon........ 
Direct-shipping ore, concen- | Net production 465 et production 
trates, and agglomerates. and shipments. Shipments........ 
Mercury: 
Crude oro Production...... 328 Production........ 
Mercury metal, 76-pound flasks. . |... dicc Secu 38, 067 55 
Molybdenum (content of concen dU: Iscr 21 Productlon........ 
trate). Siet, A Shipments........ 
Nickel (content of ore and concen- | Production...... 13, 490 () 5 
trate, short tons). 
Rare-earth and thorium concen- Production 2,021] SRO |. iex SORDIDE 
trates (short tons). 
Production........ 
Thorite, crude (short tons) 44 (ro 5 
Bastnaesite and monazite con- | Sbipments 987 F 
centrates (short tons). Shipments 
Silver: 
Crude ore mined in the Industry. | Production. 639 SE 
Silver concentrate and mill | Shipments...... 12, 910 Sbipments 
bullion (thousand troy or fine 
ounces). 
Metal content of silver-bearing | Production...... 34, 111 Production 
materials (thousand troy or 
fine ounces). 
Titanium ore: 
SN A 000neaeennno]nnMM reia Wee „ Wie: De Manil. 
Production...... kA" — Xe ds 99 
Titanium concentrate Sue . 567 Shipments 
Ilmenite.....................]..... o C cV aD 5605 | © A ee 
AE EE, A 489. 8 2| —* IU soos ceo 
Tungsten ore: 
id ⁵ ͥ e ̃ ⁵ Product ion 
Tungsten concentrate Shipments 4 Sbipments 


See footnotes at end of table. 


MINERAL PRODUCTION—MINES AND CENSUS DATA, 1958 


of the Census mineral production data for 1958—Continued 


Commodity data—Con. 


Industry data, Bureau of the Census 


Primary products, net shipments 


Produced | Produced 


in other 
industries 


205 


Secondary 
cad 
se 
and eren 
(thousand 
dollars) 


Bureau of the Census— 
Continued 
tity 
(thousand 
short tons Value Industry 
(thousan code 
otherwise dollars) 
specified) 
882 (0 
437 om ? 1011 
409 3, 042 
400 (1) 
33, 812 o | 1092 
37, 144 8, 402 
36 ( 
37 49, 033 31069 
© (» 31069 
(9) NI 
m Co 1099 
5, 663 (0) 
1,074 
406 1) 
(1) 1, 419 
13, 234 11, 674 1044 
35, 577 (0 
244 
"el A 
508 12, 365 1003 


188 
6 Dé 675 } 1064 


Total 
industry 
value of Total 
shipments | produced 
and receipts all 
(thousand | industries 
dollars) (thousand 
dollars) 
(1) 3, 042 
8, 607 8, 402 
OI (3) 
de 9 
(3) (3) 
12, 557 13, 093 
17, 188 12, 365 
14, 430 13, 675 


(1) 


916 


(1) 
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TABLE 1.—Comparison of the Bureau of Mines and Bureau 


Commodity data 


Mineral 


uantity 
(thousand 


Measurement | short tons 
stage unless 

otherwise 

specified) 


Metn1s— Continued 


Uranium ore Mine produco |  5178| 116, 515 
tion. 
Uranium concentrate Mill production 13] 238,000 |...................- 


Production and 
shipments, 


Vanadium (recoverable in ore and LI SE 
concentrate): Mill production.| = 3 10,817 


Zine (short tons, recoverable metal | Mine produc- Production........ 
content). tion. 

Zinc ore (short tons, metal contained) | Shipments...... Shipments........ 

Zinc concentrate... E, A ME Production........ 


Zirconium concentrate (short tons) . Production...... { Production........ 


Shipments........ 


Value of items that cannot be dis- |..................|............] V., 2155 
closed: Magnesium chloride for 
magnesium metal, manganiferous 

residuum, platinum-group metals. 


1 Data not available. 

2 Data not available separately. 

2 Mineral or minerals designated in subject column represent 1 or more of those included tn édigit 
industry code specified. 

4 Weight not recorded. 

Figure withheld to avoid disclosing individual company confidential data. 

* Not published separately by Bureau of Mines. 


The comparative table also includes industry shipments and receipts 
data from the Census reports to afford readers (1 an approximate 
measure of the extent to which a particular commodity is produced in 
the industry to which it is primary and (2) information of the extent 
to which that industry produces other commodities. “Total industry 
value of shipments and receipts” are in excess of the sum of the total 
shown for “Primary products” and for “Secondary products, services, 
and resales,” because of the inclusion in the former of all intercompany 
transfers. 

To avoid duplicating Bureau of Mines product detail, the 1958 
census questionnaires requested less detail on quantity and value of 
shipments. ‘The Census data are primarily product-class statistics 
which provide a benchmark for relating more detailed Bureau of 
Mines data to Bureau of the Census statistics on operating cost and 
GE 5 Unless otherwise stated, Bureau of ds Census 
industry data, in general, are based on the 1957 Standard Industrial 
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of the Census mineral production data for 1958—Continued 


Commodity data—Con. 


Industry data, Bureau of the Census 
Bureau of the Census— 
Continued 


Primary products, net shipments 


Produced | Produced 
in specified | in other 

industry | industries 

(thousand | (thousand 
dollars) dollars) 


Classification for nonmanufacturing industries. For each mineral 
the industry code used in determining the Bureau of Mines value of 
mineral production is shown; however, in some instances it was 
necessary or desirable to compare with Census data at another measure- 
ment stage. 

Other factors pertinent to comparability of mineral statistics pub- 
lished by the two agencies are as follows: 

1. The Bureau of Mines usually obtains data on commodities sold 
or used, whereas the Bureau of the Census collects information on 
production and shipments and calculates net shipments. Net figures 
(net production and net shipments) reported by Census usually ex- 
clude minerals produced for preparation at other establishments; 
they are the net of transfers to cleaning or preparation plants but not 
of all interplant transfers. Shipments or gross shipments as defined 
bY Census include interplant transfers, and net shipments mean 3 

ipments of crude direct-shipping material plus concentrates or (b 

shipments less receipts of minerals for preparation. Differences 


tween these measurement stages account for significant differences 
between Census and Mines 
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2. Different objectives for collecting mineral statistics result in 
differences in coverage of certain areas by both agencies. 

3. The Bureau of Mines includes reports of all respondents, re- 
gardless of size; the Bureau of the Census excludes establishments 
whose value of products and reported costs are below $500. 

4. The Bureau of Mines data on prepared products and concentrates 
represent only those prepared from domestic materials; Bureau of the 
Census data on prepared products include those prepared from for- 
eign materials, In addition, the stage of preparation at which the 
products are measured and valued is different for the two agencies in 
some instances. 

Explanations of major variations in the quantities and values of 
many minerals or mineral commodities listed 1n the comparative table 
are presented in the summaries that follow. These explanatory notes, 
however, are of interest only to the user of the table and not to the 
general reader. Specific problems and questions of the user of these 
commodity data probably can be resolved by reference to the com- 
modity chapters of the Bureau of Mines Minerals Yearbook and to 
the Census of Mineral Industries and Census of Manufactures, 1958, 
of the Bureau of the Census. 


MINERAL FUELS 


Anthracite.—The Bureau of Mines statistics on both production and 
shipments are based primarily on data reported by breakers, washer- 
ies, and dredges but also include some coal sold for use without prep- 
aration. The quantity and value of the coal so reported is then dis- 
tributed among the counties from which the coal originated. The 
Census statistics are on an establishment basis and take into account 
the actual location and type of product of the establishment as reported 
by the respondent, making a distinction between “net production” 
and “net shipments.” The Bureau of Mines statistics therefore are 
comparable by county only with the Census statistics for “net pro- 
duction” and are not comparable with the Census county figures for 
“net shipments.” 

Both agencies collect information on coal shipped for use as raw 
coal and on raw coal shipped for preparation, as well as on the pre- 
pared product. The Census figures for coal shipped for use as raw 
coal are much larger than those known to the Bureau of Mines, 
Reports to the Bureau of Mines indicate that much of this coal is 
shipped for preparation before final shipment to the consumer. 

Bituminous Coal and Lignite.—The Bureau of Mines statistics on both 
production and shipments are based primarily on data furnished by 
producers. These data are supplemented, however, by data from 
various State mine department records and, in a few instances, from 
railroad carloadings, in order to obtain coverage of production not 
directly reported. The Bureau of Mines figures represent the quan- 
tity and value of net marketable coal produced, excluding washery 
and other refuse. The Census statistics are on an establishment basis, 
making a distinction between “net production” and “net shipments.’ 

Both the Bureau of Mines and the Bureau of the Census collect 
information on mechanical cleaning of coal. However, the Bureau of 
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Mines credits the clean coal to the location or locations at which the 
coal was mined, whereas the Census statistics show the clean coal 
shipped according to the location of the cleaning plant. The Census 


clean-coal statistics represent mechanica] cleaning at plants operated 


includes data for these consumer-operated plants in its statistics on 
mechanical cleaning. 

Both agencies obtain information on mechanical crushing, and 
Census, in addition, obtains data for Screening and sizing. T 
reau of Mines figures for mechanical crushing show all coal crushed 


er processing. Data for such resales are not collected by the 
Bureau of Mines, 


Abrasive Stone.—The Bureau of Mines figure of $183,000 for abrasive 
stone represents values of grindstones, ulpstones, millstones, grind- 
Ing pebbles, and tube-mil] liners but does not include sharpening 


of shipments (gross shipments less receipts from other establishments 
for preparation) of crude and prepared asbestos. For the Bureau of 
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Mines data, 44,000 short tons of asbestos was recovered from 1 million 
tons of rock mined. The Bureau of Mines reports production value 
of marketable asbestos. 

Barite.—The Bureau of Mines production figure of 486,000 short 
tons represents mine or plant output of primary barite, and the figures 
for prepared barite cover crushed and ground barite sold or used by 

ucers. For Bureau of the Census purposes, net shipments (value, 
$13,434,000) by the barite industry are equivalent to gross shipments 
less receipts from other establishments for preparation and include 
some barite that was prepared by washing only. Industry 1472 ex- 
cludes separately 9 barite- preparation lanes: such plants are 
classified as industry 3295. 

Boron Minerals.—Bureau of the Census data represent net shipments 
(gross shipments less receipts from other establishments for prepara- 
tion) of boron compounds. Total value of net shipments, $32,275,000, 
contains a high proportion of refined borates. 

Bromine.— Bureau of Mines figures represent a calculation of theo- 
retical bromine present in compounds sold by primary producers. 
Bureau of the Census data are for elemental bromine only. 

Cement.—“Shipments from mills” of the Bureau of Mines do not 
include interplant transfers as do the figures on cement of the Bureau 
of the Census described as “Total shipments including interplant 
transfers” in the Census of Manufactures. The cost of containers is 
excluded by both the Bureau of Mines and the Bureau of the Census 
in the value of cement f.o.b. mill, but the cost of containers of $24,236,- 
000 is included in the industry data of the Bureau of the Census. 

Clays.—Some respondents may report clay as one type to the Bureau 
of Mines and as another type to the Bureau of the Census. which may 
be reflected in small variations in figures between the two Bureaus. 
Production figures of the Bureau of the Census for crude ball clay and 
kaolin, crude bentonite, crude fireclay, and common clay and shale 
represent quantity mined and used in the same establishment in mak- 
ing cement, clay products, and prepared clay, plus quantity of crude 
net shipments. Quantity and value figures for shipments of crude 
ball clay and kaolin and crude bentonite represent net shipments by 
mineral] industries. Census excludes Hawaiian production from com- 
mon clay and shale. Net shipments by the bentonite industry include 
shipments by other mineral industries. Industries 1452, 1453, 1454, 
1455, and 1459 exclude separately operated clay-preparation plants. 
These plants are classified as industry 3295. 

Gypsum.—F or the Bureau of Mines, $32,495,000 represents the value 
of production. The production figure of 9,384,000 short tons reported 
by Census as mined for shipment in crude or prepared form includes 
5,581 tons of gypsum valued at approximately $21,174,000 produced 
and used in the same establishment in the manufacture of calcined 

rypsum products. Industry 1492 excludes gypsum mining at estab- 
ent classified in manufacturing industry 3275. 

Lime.—Selling value f.o.b. plant, excluding cost of containers, is 
reported by the Bureau of Mines. The figures are incomplete be- 
cause all captive lime could not be accounted for. Bureau of the Cen- 
sus data for 1958 are reported in the Census of Manufactures rather 
than in the Census of Mineral Industries and include production and 
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shipments wherever made. The cost of containers is included in the 
value fi of Census. Census quantity excludes lime valued at 
$5,070,000, for which no quantity data were reported. 
Mica.—The 661,000 pounds of sheet mica production, valued at 
$2,845,000, reported by the Bureau of Mines includes full-trimmed 
equivalent of hand-cobbed mica. Industry 1493 excludes separately 
operated mica-grinding plants; such plants are classified as industry 
3295. 
Perlite.—Prepared perlite is perlite treated by simple preparation 
methods, such as drying and crushing, but not expansion. The Bureau 
of Mines “crude” perlite is valued f.o.b. producer’s plant and is 
crushed, cleaned, and sized. This probably is equivalent to Census’ 
“prepared” perlite. The production figure of 372,000 short tons ac- 
tually represents crude ore, but the 292,000 tons of “sold or used” 
perlite is not crude ore. 
Sand and Gravel.—The Bureau of the Census excludes operations of 
Federal, State, and local governments. Census figures for common 
sand in Hawaii and Alaska are included with those for sand and 
gravel. Census includes all commercial operations and operations by 
contractors and subcontractors in government projects. In a spe- 
cially designed inquiry, a total of 24 million tons of sand and gravel 
was reported to Census by such contractors. Although the Census 
total figure of 553 million tons of sand and gravel produced exceeds 
the Bureau of Mines total of 489 million tons by 13 percent, when 
the Census total 1s adjusted to exclude the 24 million tons for own 
use or government projects the Census total excess is reduced to 8 
rcent. 
Pegtone.— For Bureau of Mines data, figures for rough monumental 
marble are included with those for dressed monumental marble. The 
Bureau of Mines reports totals for all stone sold or used by commer- 
cial, Government, and contractor operations. Bureau of the Census 
statistics exclude Federal, State, and local government operations. 
Also Census production for limestone, granite, and stone not else- 
where classified represents stone shipments plus stone mined and used 
in the same establishment in making cement, lime, and other manu- 
factured products. Figures for a small tonnage of granite mined and 
used in the same establishment are excluded from the granite figures 
and included with those for stone not elsewhere classified. For Alaska 
and Hawaii, Census figures on granite are included with those for 
limestone. For Hawaii, Census shipments figures include the quantity 
and estimated value of limestone mined and used in the same estab- 
lishment in making lime. For dimension stone, the Bureau of the 
Census figures represent shipments of rough dimension stone from 
separately operated quarries as well as shipments of rough dimension 
stone and dressed dimension stone from quarries with associated dress- 
ing plants located at the quarry site. No figures are included in the 
Census tabulations shown here for shipments of dressed dimension 
stone from dressing plants not operated in conjunction with a quarry, 
even though such a dressing plant may be an integral part of a com- 
pany engaged in quer ye and dressing stone. Bureau of Mines pro- 

uction data are compiled on the basis of quantities and values of 
both rough blocks and finished products by primary producers. These 
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Bureau of Mines figures are compiled on a company basis. For ex- 
ample, in the case of a stone company having three establishments, 
(1) a quarry with no dressing plant, (2) a quarry with a dressing 
plant, and (3) a separately operated dressing plant, the Census figures 
include only the first two types of establishments, whereas the Bureau 
of Mines compiles its figures on output of stone for this company on 
the basis of the figures reported by all three types of establishments. 
Thus, the Bureau of Mines shows less rough dimension stone shipped 
than shown by the Bureau of the Census. There is a considerable 
tonnage loss in fabricating dressed stone from rough blocks. Ac- 
cordingly, it would be expected that the aggregate Bureau of Mines 
tonnage would be less than that of the Bureau of the Census even 
though the operations of the same companies were covered by both 
agencies. Net production of crushed and broken stone reported by 

nsus excludes stone produced for preparation at another establish- 
ment. 

Talc, Soapstone, and Pyrophyllite.—The production and value figures 
of the Bureau of Mines for these three mineral commodities exclude 
dimension soapstone. The uniform approach of Census to crude 
material as that loaded at mine site and to prepared material as that 
including milling, washing, grinding, and sizing may cause differences 
in figures for talc, soapstone, and pyrophyllite. Industry 1496 ex- 
cludes separately operated talc, soapstone, and pyrophyllite prepara- 
tion plants; suc Ser are classified in industry 3295. 

Other Nonmetals.—The Bureau of Mines value figure of $21,958,000 
includes aplite, brucite, calcium magnesium chloride, epsom salts, 
graphite, iodine, kyanite, lithium minerals, magnesite, marl, nitrogen 
compounds, olivine, staurolite, sharpening stones, and wollastonite. 
Bureau of the Census data cover other nonmetals not elsewhere 


classified. 
METALS 


Antimony Ore and Concentrate.—The Bureau of Mines reports anti- 
mony content of antimony ore and concentrate in short tons. The 
Bureau of the Census combines antimony concentrates, platinum, 
and thorium concentrates, and, for Alaska, mercury. Thus, the data 
reported in the table are not comparable. 

uxite.—The net shipments figures and values thereof reported by 
Census represent, in the first instance, gross shipments less receipts 
from other establishments for preparation and, in the second, ship- 
ments of direct-shipping ore, concentrates to consumers, and agglom- 
erates. The Bureau of Mines value is computed from selling prices 
and values assigned by producers and estimate when such data are not 
available. The Bureau of Mines figure of 1,584,000 long tons of crude 
bauxite produced (value $12,815,000) reported in the comparison is 
equivalent to the 1,311,000 long tons of bauxite (dried equivalent) pub- 
lished in other tables. 

Copper.—Bureau oí Mines figures for production of crude ores are 
determined on a commodity basis and represent copper ores sold or 
treated, irrespective of where these ores are produced. Bureau of 
the Census figures represent all ores mined by establishments classi- 
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fied in the copper ores industry, f.o.b. mine or mill. Quantity of 
copper concentrate, as presented by the Bureau of Mines, includes 
some metal recovered from old tailings smelted or retreated and also 
some copper recovered from a copper-zinc ore. Census figures for 
metals contained in ores and concentrates represent gross metal con- 
tent. The Bureau of Mines publishes statistics representing recover- 
able metal content of the ores. 

Gold.—Lode gold produced as reported by the Bureau of Mines in- 
cludes gold ore and gold-silver ore. Shipments represent recoverable 
metal content of gold ore, gold-silver ore, and gold concentrates pro- 
duced, less mill bullion produced. Shipments of mill bullion also 
represent production. Tho quantity figure of metal content of gold- 
bearing materials represents recoverable metal content of mine pro- 
duction, and the value of shipments of gold-bearing materials and 
placer gold has been estimated from the quantity of mine production 
and the price authorized by the Gold Reserve Act of January 31 
1934. Census quantity figures of Pd bem DE material produced 
represent gross metal content and exclude Alaska. Figures for placer 
gold in Alaska are included by the Bureau of the Census. 

Iron Ore.—The Bureau of Mines excludes manganiferous iron ores 

5 to 35 percent), although a figure is given in its report on iron ores. 

ensus includes manganiferous iron ore in the quantity and value 
figures for shipments, including interplant transfers, of crude iron 
ore. Shipments mean gross shipments less receipts from other estab- 
lishments for preparation. Net shipments represent direct-shipping 
ore, concentrates to consumers, and agglomerates. 

Lead.— Bureau of Mines figures represent recoverable metal content 
of the ores; Census figures represent gross metal content. 

Lead and Zinc.—Bureau of Mines figures represent lead ore, zinc ore, 
lead-zinc ores, and copper-lead, copper-zinc, and copper-lead-zinc ores. 
Shipments are in terms of recoverable content of lead and zinc. For 
concentrates, Census quantity figures represent production, but value 
figures represent shipments. 

Manganese Ore.—Shipments and value of manganese ore reported by 
the Bureau of Mines cover ores of 35 percent or more manganese and 
ferruginous manganese ore except for Minnesota. These shipments 
represent marketable ores from the consumer's standpoint; besides 
direct-shipping ore, they include without duplication concentrates and 
nodules made from domestie ores. For the Bureau of the Census, 
“net shipments” of ores of 35 percent manganese represent gross ship- 
ments less receipts from other establishments for preparation; ship- 
ments represent direct-shipping ore, concentrates to consumers, and 
agglomerates. The Bureau of Mines excludes shipments of low- 
grade manganese ores shipped to U.S. Government purchase depots. 
Bureau of the Census statistics include such ores. 

Manganiferous Ore.—Bureau of Mines shipments figures and values 
thereof represent manganiferous iron ore (5 to 35 percent manganese) 
and include Minnesota ferruginous manganese ore. Bureau of the 
Census data represent shipments of direct-shipping ore, concentrates 
to consumers, and agglomerates. Census shipments figures for man- 
ganiferous iron ore are included with “iron ore, except manganiferous 
Iron ore. 
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Mercury.—Crude ore production figures of the Bureau of Mines 
cover mercury ores treated. Alaska’s production of 3,380 flasks also 
is included. Mercury metal produced and value thereof include 
mercury from placer operations and from cleanup activity at furnaces 
and other plants. Mines’ value of mercury metal was obtained b 
multiplying quantity produced by the average 1958 price per flas 
in New York. The Bureau of the Census excludes figures from Alaska 
but includes value of mercury metal produced in Alaska with the value 
of antimony concentrates, platinum, and thorium concentrates. 

Molybdenum.—The Bureau of Mines reports molybdenum content of 
concentrates, as compared with Census’ molybdenum concentrates. 

Rare Earth and Thorium Concentrates.— Figures of the Bureau of 
Mines represent only concentrates prepared from domestic materials. 
Bureau Se the Census data include products prepared from foreign 
material. 

Silver.—Crude ores from sources not classed in “silver ores industry” 
are included in Bureau of Mines production figures. Quantity of 
shipments represents recoverable metal content of silver ores and 
mill bullion. Value is determined by the Treasury buying price for 
newly mined silver. Bureau of the Census data represent gross metal 
content and reported value f.o.b. mine or mill. 

Titanium Concentrate.—Bureau of Mines figures cover concentrates 
from domestic ores only; the Bureau of the Census includes concen- 
trates produced in the United States from imported material. Data 
from establishments which engage only in preparing or grindin 
titanium products are include by the Bureau of the Census an 
excluded by the Bureau of Mines. 

Tungsten Ore and Concentrate.—The Bureau of Mines figures cover 
concentrates from domestic ores only; the Bureau of the Census in- 
cludes concentrates produced in the United States from imported 
material. 

Uranium Ores.—Bureau of Mines figures represent domestic mine 
production of uranium-vanadium ores; value is based on total U;Os 
content (in pounds) at base price of $3.50 per pound. Uranium- 
vanadium concentrate production represents mill production and is 
valued at a considerably higher unit price. For uranium-vanadium 
concentrates, Bureau of the Census figures include low-grade concen- 
trates shipped to preparation plants for upgrading; Bureau of Mines 
figures do not. 

Zinc.—The value of $84,113,000 represents an estimate by the Bureau 
of Mines from the quantity of mine production and an average price, 
and also represents the weighted average unit price of domestic refined 
metals delivered to purchasers. Shipments of zinc concentrates rep- 
resent recoverable content of zinc ores, lead-zinc ores, copper-zinc 
ores, and copper-lead-zinc ores. Bureau of the Census figures for 
zinc contained in ores and concentrates represent gross metal content. 

Zirconium Concentrate.—Bureau of Mines data represent domestic 
mine production valued at the yearend price of zircon concentrates at 
Jacksonville, Fla. Bureau of the Census data include products pre- 
pared from foreign material. 


Abrasive Materials 


By James D. Cooper? and Gertrude E. Tucker ? 


A 


Contents 
Page Page 
BLOCER A 216 Natural alumina abrasives...... 220 
Foreign trade 216 Industrial diamond............ 221 
e cee nS Em 216 Artificial abreaiven 227 
Special silica-stone products 217 Miscellaneous  mineral-abrasive 
atural silicate abrasives....... 219 materials... 230 


clined 5 percent in volume and 1 percent in value from 1960. 

Production and value of crude artificial abrasives in the United 
States and Canada were down about 15 percent from 1960. The value 
of imports, exports, and reexports of abrasive materials showed sub- 
stantial gains. Grinding-wheel sales were down 5 percent in value, 
and coated abrasives were down 1 percent in value. 


N ATURAL abrasives sold or used in the United States in 1961 de- 


TABLE 1.—Salient abrasive statistics in the United States 


Kind 1952-56 1957 1958 1959 1960 1061 
(average) 
Natural abrasives (domestic) sold or used 
by ucers: 
Ill short tons..| 1 47,336 50, 717 47, 044 52, 968 57,713 54, 641 
Value ousanda... 1 $208 $195 $183 $219 $247 $225 
silica-stone products ? 
short tons... 6, 731 5, 847 4,023 3, 672 2, 539 2. 495 
Value .- thousands. $401 $331 $305 $315 3 $241 $238 
Garnet short tons..| 11,548 9, 776 12, 303 4, b68 10, 522 12, 057 
Value................ thousands..|  $1.041 $1, 080 $869 $1,211 $986 $1, 036 
ENEE short tons..| 10,712 11, 803 7, 687 8, 555 8, 109 6, 180 
Value .. thousands. 8149 8184 $126 $150 $142 $106 
Artificial abrasives t..........short tons..| 431,991 | 484,702 | 334,483 | 417,569 | 441, 508 372, 192 
o thousands. . $49,745 | $65,634 | $48, 806 028 | $64, $54, 937 
giis trade (natural and artificial abra- 
Imports for consumption (value) 
tbousands..| $81,396 | $85.097 | $80,733 | $01, 560 | * $84, 488 $96. 219 
Exports (value) 0....| $22,042 | $27,589 | $22,469 | $23,100 | $26,550 $29, 195 
Reexports (valne).............. do....| * $6, 821 $8,702 | $12,964 | $13,700 | $10,409 $17, 814 
1A for 1955-56. 
: y -— 7 for kinds of products. 
v . 
* Production of silicon carbide and aluminum oxide (United States and Canada); shipments of metallic 
abrasivos (United States). 
8 Average for 1964-50. 


& Commodity special Division of Minerals. 
9 Statistical, ant Division of Minerals. 
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STOCKS 


At the end of 1961 the Government stockpiles contained abrasive 
materials in excess of the maximum objectives for all stockpiled items 
exceptcorundum. The excesses ranged from 18.8 percent for crushing 
bort to 96 percent for crude silicon carbide. 

Available data on producer stocks of abrasive materials are included 
elsewhere in the chapter. 


TABLE 2.—Status of the Government stockpiles with respect to abrasive materials 
on Dec. 31, 1961 


Government inventories Surplus 


Maxl- over 


Unit mum maxi- 
Material (thou- | stockpile | National [CCO and mum 
sands) | objective Total | objective 
(percent) 
Aluminum oxide, fused, crude Snort 200 
ons 
Silicon carbide, crude 4 do 100 
ee, . A do 2 2 3 
Industrial diamond, crushing bort Carats..| 30,000 4, 524 35, 637 18.8 
Industrial diamond, stones do..... 18, 000 9, 165 13, 462 22, 627 25. 7 


FOREIGN TRADE ' 


The total value of imports of abrasive materials was 14 percent 
higher than in 1960; industrial diamond showed the greatest increase 
of any major category—32 percent. Imports of artificial abrasives 
declined. Exports increased 10 percent in value over 1960, with most 
items showing gains. 

rts of abrasive materials increased 71 percent in value com- 
pared with 1960; industrial diamond stones accounted for virtually 
all of the increase. 
TRIPOLI * 


Combined sales of processed tripoli, amorphous silica, and rotten- 
Stone decreased 6 percent in both quantity and value from 1960. No 
tripoli was imported. Abrasive uses accounted for 71 percent of the 
processed tripoli sold in both 1960 and 1961. 

Companies mining and processing tripoli, amorphous silica, or rot- 
tenstone were: Ozark Minerals Co., Elco, Ill. (amorphous silica) ; 
Tamms Industries Co., Tamms, Ill. (amorphous silica) ; American 
Tripoli Division, The Carborundum Co., Seneca, Mo., and Ottawa 
County, Okla. (tripoli) ; Penn Paint & Filler Co., Antes Fort, Pa. 

rottenstone) ; and Keystone Filler & Manufacturing Co., Muncy, 

a. (rottenstone). 


5 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com- 
merce, Bureau of the Census. 

‘Tripoli is the only natural silica abrasive included in the abrasive materials canvass. 
Information on sands used for abrasive purposes, formerly given in the Abrasive Materials 
chapter, can be found in the Sand and Gravel chapter. Information on abrasive quartz, 
quartzite, and sandstone can be found in the Stone chapter. 
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TABLE 3.—U.8. imports for consumption of abrasive materials (natural and 
artificial), by kinds 


1961 
Kind 
Quantity Quantity Value 
Burrstones: Bound up into millstones......short tons.. ß PA 
Hones, oilstones, and whetstones. ............ number.. 124, 850 319, 740 $68, 715 
Corundum (including emery): 
Corundum ore short tons.. 2, 654 71, 243 2, 396 54, 
ier a in A AA BEE 1,120 10, 000 
Grains, ground, pulverized, or refined........ do.... 4 411 16 9, 744 
Paper and cloth coated with sand, emery, or 
rina... cds 1, 458, 130 (1) 1, 251, 633 
W heels, files, and other manufactures of emery or 
zarnet, and wheels of corundum or silicon car- 
T6 P. E A ee short tons.. 230, 367 185 232, 539 
Tripoli, rottenstone, diatomaceous earth, and burr- 
stones, in blocks, unmanufactured........ short tons 1, 604 (3) (3) 
Diamonds: 
Diamond dies, pierced or partially plerced, mounted 
or unmounted——ͤ—ç;çᷓç A number.. 3 241, 535 10, 422 178, 247 
Crushing bort (including all types of bort suitable 
for crushing). tere carats.. 317, 279,350 | 6,065,021 | 13,010, 244 
Other industrial diamond (including glaziers’ and 
engravers’ diamond, upset, and miners’) ..carats.. 31, 476, 967 | 8,395, 771 53, 308, 869 
Carbonado and ballas........................ do.... 21, 039 1, 947 30, 195 
Dust and powder do.... 3 3, 059, 338 740, 707 2, 195, 799 
Flint, flints, and flintstones, unground..... short tons.. 14,6 321, 257 12, 109 286, 443 
Grit, shot, and sand, of iron and steel. do.... 537, 747 1, 353 576, 996 
Artificial abrasives: 
Crude, not separately provided for: 
Carbides of silicon (carborundum, crystalon, 
carbolon, and electrolon)........ short tons.. 12, 603, 242 73,727 | 10,826, 925 
Aluminous abrasives, Alundum,  Aloxite, 
Exolon, and Lionite.............. short tons.. 16, 341, 428 124,143 | 13, 549, 098 
EAR MSto ME do.... 128 16, 700 
Manufactures: 
Grains, ground, pulverized, refined, or manu- 
n short tons.. 2, 181 545, 322 
Wheels, files, and other manufactures, not 
separately provided for.......... short tons.. 76 72, 665 
ell... VE POE 488, 497 | ME 96, 218, 890 


2 Quantity not recorded. 
2 Adjusted by Bureau of Mines to none. 
3 Revised figure. 


Source: Bureau of the Census. 


Price quotations on tripoli in E&MJ Metal and Mineral Markets 
were as follows (per pound, paper bags minimum carlot 30 tons, 
Lob, Missouri): Once ound through 40-mesh, rose- and cream- 
colored, 2.5 to 2.75 cents; double-ground through 110-mesh, rose and 
cream, 2.6 to 2.75 cents; and air-floated through 200-mesh, 2.75 to 3 


cents. 
SPECIAL SILICA-STONE PRODUCTS 


Grindstone sales were reported from Ohio; grinding pebbles from 
Minnesota, Washington, and Wisconsin; tube-mill liners from Min- 
nesota and Wisconsin; natural silica abrasive material for oilstones 
and other sharpening stones from Arkansas and Indiana; and mill- 
stones from North Carolina. 


689873—62——15 
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TABLE 4.—U.S. exports of abrasive materials, by kinds 


Quantity 


Natural abrasives 
Diamond grinding wheels, sticks, hones, and ag 
carats.. 


Diamond dust and powder do.... 
Diamond suitable only for industrial use.....do.... 
Grindstones and pulpstones.. .......... short tons.. 


Emery powder, grains, and grits (natural). pounds. 

Corundum gralns and grits (natural)........do.... 

Whetstones, sticks, etc. (natural)) do.... 

Natural abrasives not elsewhere classifled....do.... 
Manufactured abrasives: 

Aluminum oxide, fused, crude, and grains...do.... 


21, 934, 978 


Silicon carbide, fused, crude, and grains...... do....| 16, 387, 510 
Alumina, unfused——-— lll... do. 217, 902 
Manufactured abrasives, not elsewhere classified 
pounds.. 
Abrasive pastes, compounds, and cake (except 
ehen pounds. 
Grinding wheels, except diamond wheels. do.... 
Pulpstones of manufactured abrasives.......do.... 


W hetstones, etc., of manufactured abrasives._do.... 
Abrasive paper and cloth (natural abrusives) reains. 
Abrasive paper and cloth (artificial abrasives) do.... 
Metallic abrasives (except steel wool) pounds..| 13, 072 035 


2223. ] VU ðiͥ Qn ß 8 29, 195, 461 


Source: Bureau of the Census. 


TABLE 5.—U.8. reexports of abrasive materials, by kinds 


1960 1961 
Kind — SET EROR RR CUNH 
Quantity Value Quantity Value 
Natural abrasives: 
Diamond grinding whoels, sticks, hones, and laps 
carats.. 655 $22, 426 
Diamond dust and powder................... do.... 312,557 190, 659 
Diamond suitable only for industrial use.....do....| 1,619,553 17, 582, 881 
Emery powder, grains, and grits (natural) 
pounds.. Ee, cenas 
Whetstones, sticks, etc. (natural) do.... 19584 | 1,292 |... oe mnm 
Manufactured abrasives: 
Aluminum oxide, fused, crude, and ee 25, 460 6, 891 
Grinding wheels, except diamond wheels... do 14, 043 8, 406 
Abrasive paper and cloth (natural abrasives) 
FOSS A AMA 8 2, 820 
Abrasive paper and cloth (artificial e "à 
r EEN 
Whetstones, etc., of manufactured abrasives 
pounds.. 7,116 562 
Manufactured abrasives, not elsewhere classified 
pounds.. 49,412 | 23.761 
7 A kr; EE 17, 814, 145 


Source: Bureau of the Census. 
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TABLE 6.—Processed tripoli? sold or used. by producers in the United States, 
by uses 


Abrasives Filler Other, including Total 
foundry facings 


Year 

Short Value Short Value Short Value 

tons (thou- tons (thou- tons (thou- 

sands) sands) sands) 
1052-56 (average). .. 29, 390 $1,105 | 7,468 $173 | 3 3, 857 3 $134 
19777 31. 326 1. 300 7, 429 171 5, 533 194 
1958 AAA A 29, 994 1, 257 7,385 178 4,778 159 
1959. 34,389 1, 527 8, 190 192 5,061 169 
1900. aee cia na 37,050 1, 589 9, 590 206 5, 258 167 
1901.....----------..| 34, 581 1,472 | 9,409 231 | 4,605 149 


Includes amorphous silica and Pennsylvania rottenstone. 
3 Partly estimated. 
3 Includes some tripoli for filter block in 1955. 


TABLE 7.—Special silica-stone products sold or used by producers in the United 
States 


Grindstones Grinding pebbles Other products ! Total 


Year 
Value Short Value Short Value 
(thousands) tons |(thousands)| tons |(thousands) 
1952-56 (average).... $198 $401 
1957 A A 132 331 
„ 305 


2 83 
F 10¹ 
d 


Includes grindstones (1960-61), pulpstones (1952 only), oilstones and other sharpening stones (1952-61 
IN 1957 data), tube-mill liners (1952-61), grinding pebbles (1961), and value of millstones (1952-61), 
i paro with “Other products” to avoid disclosing individual company confidential data, 
v figure. 


NATURAL SILICATE ABRASIVES 


Garnet.—Sales of domestic garnet increased 15 percent in quantity 
and 5 percent in value over 1960. There were six producers: Idaho 
Garnet Abrasive Co. and Emerald Creek Garnet Milling Co., Fern- 
wood, Idaho; Porter Brothers Corp., Valley County, Idaho; J. R. 
Simplot Co., Boise, Idaho; Barton Mines Corp., North Creek, N.Y.; 
and Cabot Corp., Willsboro, N.Y. 

Occurrences of garnet in the Keskin-Celebidag region in Turkey 
were described. ‘The garnet grain size was less than 0.3 cm for 
andradite, and from 0.5 to 1.0 cm for grossularite. A second Turkish 
source of garnet, the Uludag scheelite deposits near Bursa, contained 
15- to 180-mesh garnet that could be obtained as a byproduct.’ 


Bureau of Mines. Mineral Trade Notes. V. 15, No. 3, March 1961, p. 4. Yilmaz, 
Babit. Garnet Stone Occurrences in the Keskin-Celebidag Region. Bull. of the Turkish 
Miner. Res. and Exploration Inst. (MTA), No. 54, April 1960, pp. 66—68. 


220 MINERALS YEARBOOK, 1961 


TABLE 8.—Abrasive garnet sold or used by producers in the United States 


Year Short Value Year Short Value 
tons | (thousands) tons |(thousands) 
1952-56 (average) 11, 548 $1,041 || 1959.........................- 14, 568 $1,211 
17 9, 776 1,080 || . 10. 522 986 
1058 A ea AAA 12, 303 889 111 12, 057 1, 036 


NATURAL ALUMINA ABRASIVES 


Corundum.—No production of corundum was reported in the United 
States or Canada during 1961. Imports decreased 10 percent in 
quantity and 29 percent in value from 1960. 

A Canadian Á ournal article See described major corundum and 
emery deposits of the world and included data on mining, processing 
and marketing methods, physical properties, and uses.* 

A brief description of the producing corundum mine at Concession, 
25 miles north of Salisbury, Southern Rhodesia, was published. The 
ore body consists of massive corundum in schist, which was mined by 
jet piercing, blasting, and hand sorting. The plus 4-inch material was 
used by a refractories plant in the Union of South Africa, and most 
a the minus 4- plus 3-inch material was exported to the United 

tates.” 


TABLE 9.—World production of corundum, by countries 


(Short tons) 
1952-56 
Country! (aver- 1957 1958 1959 1960 1961 
age) 
AA lee Ol EE AA ee EE 
i . 1;ßw ⁵= AAA y EE 
e ß 453 497 435 236 268 363 
Malaya, Federation of. I/ wut ( 
Mozambique 3 ⅛ðùâ d cao JJC ³Üü ökß mr.; EG 
Rhodesia and Nyasaland, Federation of: 
Nyasaland............................ I/’ ³⁰Ü¹oͥ PA y i sues c E 
Southern Rhod^esia................... 1, 860 4, 507 4, 593 2, 799 3, 843 2, 792 
Union of South Africa 2, 078 1, 539 2,118 622 123 159 
World total (estimate)! 3.............. 10, 000 10, 000 11, 000 8, 000 9, 000 8, 000 


nmol is produced in U.8.8.R., data on production are not available, and estimate is included in 
3 This table Incorporates some revisions, Data do not add exactly to totals shown because of rounding 
wue rad figures are included in the detail, 
xpor 


Compiled by Helen L Hunt, Division of Foreign Activities, 


A Oe reon; L. Corundum and Emery. Canadian Min. J., v. 82, No. 8, August 1961, 
pp. 7: z 
7 Bureau of Mines. Mineral Trade Notes. V. 53, No. 5, November 1961, p. 3. 
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Emery.—Production of emery in the United States declined 24 per- 
cent in quantity and 25 percent in value in 1961. Emery imports were 
equal to those of 1959; no imports were reported in 1960. 


TABLE 10.—Emery sold or used by producers in the United States 


Year Short alue Year Short Value 
tons | (thousands) tons |(thousands) 
1952-56 (average) 10, 712 $149 || 1959 Dh 8, 555 $150 
777 EH 1, 893 1 A tobe Stee eed 8, 169 1 
e 7, 687 i ase oo ee 6, 180 06 


INDUSTRIAL DIAMOND 


World production of industrial diamond reached a record high, 
following 2 years of declining output in 1959 and 1960. Production 
in the Republic of the Congo achieved a new high, following a year 
in which civil disturbances had closed the large producing mine at 
Bakwanga for 2 months. Production records were also attained by 
the Union of South Africa and Sierra Leone. The combined output 
of Sep other producing countries was approximately the same as in 
1960. 

With production capacity for manufactured diamond increasing, 
and new producers entering the field, an intense campaign of research 
and promotion to develop and encourage new large-scale uses of in- 
dustria] diamond was under way. 29 was on plate-glass grind- 
ing and polishing and concrete sa wing and finishing. 

orld Review: Africa.—A production goal of 12 million carats of 
diamond was established for 1961 in the Republic of the Congo. The 
figure seemed too high to some, considering unsettled conditions in 
the country, but, final figures for the year showed that production 
was 50 percent above the goal, a record high. 


TABLE 11.—U.8. imports for consumption of industrial diamond (excluding 
diamond dust and manufactured bort) 


(Thousand carats and thousand dollars) 


Year Quantity Value Year Quantity Value 
1952-56 (average) 14, 233 $56. 996 || 195999999 12, 605 $60, 975 
¡AAA 8 12, 220 50,003 || 19600 2. lll ll ll-. 112,025 1 48, 777 
|, Sa A ne te Ra! 9, 500 47,500 || 1901... loeo 13, 463 66, 349 
1 Revised figure, 


Sources: Bureau of the Census. 


106 Min £ World. International] News, Africa, Congo Republic. V. 12, No. 2, February 
» D. 91. 


222 


TABLE 12.—U.8. imports for consumption of industrial diamond (including 
diamond dust), by countries 
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Crushing bort Other industrial 
(including all diamond (including 
types of bort glaziers’ and engrav-| Carbonado Dust and 
suitable for ers’ diamond, unset, | and ballas powder 
Year and country crushing) and miners’) 
Carats Value ien Value | Carats Value 
a 
1960: 
North America: 
Canada 1117, 459 | ! $458, 363 | ! 482, 836 |! $2, 676, 4177 4, 366 $6, 344 
A AAA ³ ͤ EE 306 O58 A A PAE AA 
Total... 1117, 459 1458, 363 | ! 483, 142 | ! 2, 677, 3711... 4. 366 6, 344 
South America: 
Bras... 12:22 ⁰D AAA ³¹¹⁴ ³˙ 6m 36, 310 447, 674 649 20, 8. 
British Guiana 795 17.995. A O onthe AA 
Venezuelas 8. 630 e .. 
% ³ Ü ww EE 45. 735 685. 465 649 | 20, 286 
=== LS E AAA E == === —.r.t— AOS SS ad 
Europe: 
Belgium- 

Luxembourg 654 1, 864 | 1,122, 977| 8, 294, 15777 7, 576 20, 616 
Denmark. 2, 000 BOTS EE DEE, WE AAA ⁵⁰Z 8 
Fane EEN 49, 787 Addi Ree West A, AAA ease eos 
Germany, West..... 163 1190 15, 564 EF 1 3, 5388 111,548 
S 8 243, 678 657, 370 83, SH 582, 777 AA 26, 028 72, 870 

E AN 8 „% V 
Switzerland......... 1 1,165,442)! 3, 100, 078 8,015 35, 9755 410, 240 | 1, 079, 296 
United Kingdom....|! 4.014, 417 10,195,284 |12,865,691 115,277,754 100 153 72, 330 227, 959 

Total.............- 1 §,426, 254)! 13, 960, 50114, 142.655 |124,702,617 100 753 |! 519, 712 | 11,412,289 

Asia: 
E os ooo ³¹ AA Ee 4, 495 i! EH AS 
( Ge EEN 730 / AAA AA 
Total: A A AA 5, 225 E A A A A 
Africa: e 
Congo, Republic of 

the, and Ruanda- 

Urundi............ 1 52, 081 1165, 707 90, 771 321, 8444 1 20, 915 1 64, 553 
iN As. ee oe SAA ᷑ 48, 520 ALO AN? A ERA, PRE BEE 
Liberia. ET AAA 176 "95,9. E Ge ee ets 
Union of South 

Africa 1,010,056 | 2,604,779 | 594,542 | 2, 469, 744. 576, 248 |1, 576, 152 
Western Africa, 

E Am A 7, 488 156, J A A 

D 1.062, 137 12,560,486 741, 497 3, 361, 6033 1 597, 163 |! 1,640,705 

Grand total 1 6,005,550 17,279,350 15, 418,254 |131,476,967 | 749 [21,039 |! 1,121,241 ! 3,059,338 

1961: 

North America: 
Bh AN 200 A RA A AA A 
Cannda.... l.l ll... 12A, 423 354, 218 584, 257 | 3,376, 771 |.......|......- 8, 941 18, 750 
TO Se AAA EA ÓN 201 35/7 1,48 LA AA RA EE 
Total.............. 124, 423 354, 218 584, 658 | 3, 382, 573g 8, 041 18, 750 

Bouth America: 
Brad AA AAA EE 115,901 | 1, 933, 694 105.12 IIT. o lc 
British Guang 1,6% 20 459 AA A RA EES 
Venezuela LL 25, 231 474-6012 CTO ] EA 8 
Total MA AA PA 142, 812 | 2, 427, 758 105 III AA 


— —— | — 2— ũk— äʒZ— — — — — — — — | —————————9 
—ñ —— | ——— —¼ — ̃ l ññ:K OSS. —ꝑ — — — — 


See footnote at end of table. 
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TABLE 12.—U.8. imports for consumption of industrial diamond (including 
diamond dust), by countries—Continued 


Crushing bort Other industrial 
(including all diamond (including 
types of bort glaziers’ and engrav-| Carbonado Dust and 
suitable for ers’ diamond, unset, | and ballas powder 
Year and country crushing) and miners’) 
Carats Value Carats Value are Value | Carats Value 
ats 
25 
urope: 
Belgium- 
Luxembourg. ..... 6, 028 $32, 339 |2, 131, 579 813,707, 9 38,806 | $119, 151 
A A EE 46, 21 610, 507 AA A A EE 
Germany, West 4 394, 382 4, 723, 563444 
A ood AO EE 99, 903 432 439 /// ͤſ EE, 8 
Net berlands 8, 026 23, 482 | 437,196 | 3, 785, 0908 36, 100 101, 310 
DEIN cece Aͥꝛ ³«5m esos w ß mr dd d AS 
Bvwitszerland. 4 ͤ«„«„éł u 11, 147 e I EE, ³˙ . E, PA 
United Kingdom. . Io 051, 819 | 5, 062, 335 3, 828, 067 |20, 765, 228 | 1,842 |$28,08 31, 212 99, 797 
Total. 2, 065, 873 | 5, 123, 156 6, 948, 489 44. 121, 148 | 1,842 28, 084 106, 754 320, 578 
SSS Kees aE SSS Keess Ke EE 
Asia: 
ECC! ee A 8 4, 654 33, 590 |.......|....... 1, 880 5, 452 
TE A E v 3, 448 %)) / 8 
M/ A EE 8, 102 74, 689 — e 1, 880 5, 452 
Africa: 
Congo, Republic of 

the, and Ruanda- 

Urun el! 3, 100 9, 586 87, 150 42A, 742222 14, 150 43, 738 
E EAS roe K 66, 126 rr A VE 
Union of th 

Africa 2, 871, 620 | 7, 523,284 | 556, 178 | 2,196, 816 |.......|-.....- 614, 982 | 1,807, 281 
Western Africa, 

A A/ ( WEN 7, 066 hh; E, PARA 

Pots! 2, 874, 720 | 7,532,870 | 706, 520 | 3, 288, 669 ——- 629, 132 | 1, 851,019 

Oceania: Australia 5, 190 ohr eacus HE 

Grand total 5, 065, 021 |13, 010, 244 8, 395, 771 |53, 308, 869 | 1,947 30, 195 746, 707 | 2,195, 799 

1 Revised figure. 


Source: Bureau of the Census, 


The diamond-prospecting monopoly in Tanganyika ended on Jan- 
uary 1, 1961, and 24 blocks, containing approximately 15,000 square 
miles each, were made available to reputable mining companies willing 
to invest $84,000 annually per block. Williamson Diamonds Ltd., in 
which the Government oF Panpanyike has one-half interest, was given 
first choice of four of the blocks. Companies meeting the require- 
ments were to have exclusive prospecting rights for diamond and non- 
exclusive prospecting rights for other minerals.“ 

Alluvial diamond mining was expected to be implemented by diver- 
sion of the Bafi River near Daudiadu, Kovo District, by the Mines 
Department in Sierra Leone. Reserves for 10 years were to be ex- 
posed in a strip of river bed 8,000 feet long.“ 


* Bureau of Mines. Mineral Trade Notes. V. 52, No. 4, April 1961, . 15-19. 
10 Bureau of Mines. Mineral Trade Notes. V. 53, No. 6, December 1961. p. 11. Min- 
ing Journal (London). Mining Miscellany. V. 257, No. 6584, Oct. 27, 1961, p. 427. 
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TABLE 13.—World production of natural industrial diamond, by countries 


(Thousand carats) 


Africa: 


ADORO ß d ß ees 400 460 
Central African Republicſʒʒꝙ w f Uhu ͤéö 50 70 
Republic of the Congo-UU Pp n UUPtmñ t nooo 13, 040 17, 740 
Republic of dess... 2, 500 , 300 
Reppner nn 670 730 
Republic of Ivory Coast ......- 22. eee eee eee ee eee ene 120 330 
Siorra hh. y BEER 1, 450 1, 550 
South-West ACA. ß EE 50 90 
RE ut AP ¼ ttt... MEE ee 250 345 

Union of South Africa: 

“pj »” mines: 
IIb ³ðWͤA. ³ĩðVWſ ³ð 8 000 1. 200 
r e wise die a 580 760 
Othéri.. —— sal oS A AAA 100 80 
“Alluvial” A y yy 160 160 
MA EE 25, 815 
Other areas 

Brat WEE EEN 175 
British RRE TEE 45 
rl ð /// ͥ⁰ d ³ y 73 
Australia, Borneo, India, and U. S. S. R. 22 Lc cc c ene esl 420 
Wr ð—/ ⁰ e 26, 500 


1 Prepared jointly by the Bureau of Mines and Dr. George Switzer, Smithsonian Institution. 
2 Includes unofficial production of Liboria. 

3 Estimate. 

* Revised figure. 


The Diamond Workers Co-operative Union, representing the 
Ghanaian mines, agreed to give up its license as a diamond dealer in 
return for à 1-percent commission from the eight remaining dealers 
for handling the cooperative members’ diamonds." Because of an 
Impending shutdown, the Government of Ghana took over the prop- 
erty and concessions of the Holland Syndicate near Akwatia. 'The 
Ghana State Mining Corp. was appointed to manage the operations.” 
The second section of the Aninchecke treatment plant of Consolidated 
African Selection Trust, near Akwatia, was completed. Lateritic 
terrace gravels were to be treated on a 3-shift basis, with annual pro- 
duction of 150,000 carats.!* 

Geologists from the U.S.S.R. reportedly led field parties exploring 
for diamonds and gold in Guinea.“ 

A U.S.S.R. grant of 40 million rubles was made to the Government 
of Mali to explore for diamond and other minerals.“ 

At the end of 1961, two private operating companies were engaged 
in large-scale diamond prospecting 1n the ocean off the coast of South- 
West Africa. The concessions extend from the low-water mark to the 
3-mile limit, and cover several hundred square miles.!* 


3 Mining Journal (London). Metals and Minerals—Accra Diamond Market. V. 257, 
No. 6581, Oct. 6, A 349. 
3 A Journal (London). Mining Finance—Ghana Diamonds. V. 258, No. 6594, 

an. 5, , p. 21. 

13 Bureau of Mines. Mineral Trade Notes. V. 50, No. 4, April 1961 Pp. 14, 15. 

1 Queensland Government Mining Journal. Russians in Search for Diamonds and Gold 
in Guinea. V. 62, No. 717, July 1881, p. 334. 

% Mining Journal (London). Mining Miscellany. V. 256, No. 6559, May 1961, p. 518. 

16 Engineering and Mining Journal. This Month in Mining—Submerged Deposits May 
Yield Diamonds. V. 162, No. 9, September 1961 p. 128. 8688 Journal (London). 
Mining Miscellany— Offshore Diamond Recovery. V. 57, No. 6586, Nov. 10, 1961, p. 485. 
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Plans to reopen the De Beers mine in the Union of South Africa, 
which had been closed since 1908, were announced. The mine was 
to be in full operation by 1966, and production was to offset declining 
output from other mines which were becoming deeper. An additional 
recovery plant to process 500,000 loads of ore per month was planned 
for the Premier mine, to assure an adequate supply of industrial 
stones.“ 

Commercial production of manufactured diamond in the Union of 
South Africa began in October 1961, by Ultra High Pressure Units, 
Ltd., at a new plant at Springs, near Johannesburg. The company 
claimed the plant could supply the total world requirements of dia- 
mond for resinoid-bonded diamond wheels.“ 

Other Areas. According to Soviet reports, scientists from the 
U. S. S. R. discovered evidence of large deposits of diamonds and other 
valuable minerals in Queen Maud Land, Antarctica.!? 

A group of U.S. investors, known as Diamonds of Brazil, Inc., was 
reported to be reopening an old mine, the Boa Vista, in Minas Gerais 
State, Brazil. 

According to sales figures released by the Central Selling Organiza- 
tion, sales of industrial diamond in Europe increased from 1.8 million 
carats in 1958 to 4.4 million carats in 1960. Sales for the first three 
sis of 1961 indicated that the upward trend was continuing.” 

otal gem and industrial diamond sales for 1961 by the Central Sell- 
ing Organization reached a new record of $268 million. The previous 
high, set in 1959, was $255 million.? 

he Indian Government's National Mineral Development Corp. an- 
nounced that it would prospect for diamond in the Panna region of 
Madhya Pradesh State. The Corporation hoped to produce 40,000 to 
50,000 carats annually by 1963; as much as 65 percent may be gem- 
quality diamond and the balance industrial. 

The Soviet Yakut Diamond Trust reported à new diamond discov- 
ery, named Aihal, in the Yakut Republic. This was the 11th major 
deposit reported since 1956 in the central Siberian plateau. The Mir 
deposit, under development, reportedly was scheduled to reach full 
production capacity by 1965. Another major deposit, the Udachuaya 
pipe, was to beat full capacity by 1970.“ 

A 100-cubic-yard dry-washing and concentrating plant was in- 
stalled at the Arkansas Diamond mine near Murfreesboro, Ark. 
Data on production were not available. 

Technology. —A new brochure on industrial diamond was reviewed 
in an English technical journal. The brochure, “Diamonds in Indus- 
try—an Introduction,” briefly covers diamond formation, diamond 


17 Mining World and Engineering Record. De Beers Well Equipped To Meet Difficult 
Times Ahead in Africa. . 177, No. 4551, June 1961, p. 243. 

18 The South African Mining and Engineering Journal. Synthetic Diamonds by the 
Pound. Y. 72, pt. 2, No. 3586, Oct. 27, POL nb 973, 975, 977. 

aa ning Journal. Outside Canada, Antarctica. V. 82, No. 4, April 1961, 


s Jewelers’ Circular-Keystone. American Investors Seek Diamonds in Brazil Mine. 
V. 131, No. 9, June 1961, pp. 95-96. 

* Mining Journal (London). Diamond Sales. "V. 257, No. 6584, Oct. 27, 1961, p. 435. 

22 Mining Journal (London). Metals and Minerals—Record Diamond Sales in 1961. 
V. 258, No. 6595, Jan. 12, 1962, p. 45. 

2 Engineering and Mining Journal. In India. V. 162, No. 10, October 1961, p. 182. 

* Mining World. What's Going on in Mining, Europe, Russia. V. 23, No. 3, March 


1961, p. 71. 
e Mise World. Central. V. 23, No. 10, September 1961, p. 60. 
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uses, and the diamond-marketing system. The type of diamond best 
suited for each type of industrial application is described. 

An improved process, said to be 95- to 99-percent efficient, was de- 
veloped for salvaging industrial diamond from industrial wiping 
cloths. The process was reported to be faster, safer, and more eco- 
nomical than conventional methods.? 

Natural Diamond.—The last article in a series on African methods 
of mining and processing diamond reviewed the history of diamond- 
recovery processes, with emphasis on new developments since 1950. 
Heavy-medium, high-tension, optical, belt-flotation, attrition-grind- 
ing, and other methods were described.” 

diamond-recovery flowsheets, designed for different types of 
ore and operations of various sizes, were published and the latest 
equipment and methods were depicted.” 

Details of diamond grinding of mirror pencil edges and bevels were 
described. The various grinding and polishing operations employed 
automatic and hand-operated wheels of natural diamond grit rangin 
from 60- to 600-mesh. Wheel life of the finer mesh Bovebne whee 
was reported to be about 4.5 million linear inches. Advantages 
claimed over older methods included increased production, improved 
quality, and less waste.“ 

Expansion joints in two runways at the new Dulles International 
Airport near Washington D.C., were sawed by metal-bonded diamond 
wheels. A total of 88 miles of joints, one-fourth inch wide and 2 to 3 
inches deep, were cut at an average cutting speed of 6 feet per 
minute.*! 

Natural diamond drilling stones for Project “Mohole” were donated 
by & South African company. Approximately 2,500 stones, with & 
combined weight of 3,000 carats, were received for the project for use 
in drill crowns which would cut a 134-inch core.“ 

A new device utilizing radiation from thulium 170 was reported to 
detect diamonds, other pem stones, and metal ores. The equipment, 
developed in the U.S.S.R., was portable and economical to operate.“ 

Data were made available by a producer of a new blocky type of 
natural diamond grit. Among claims for the new material were 
longer life, smoother cutting, and closer grading, as compared with 
conventional natural diamond grit.** 

Manufactured Diamond. The U.S.S.R. reportedly devised a tech- 
mans for producing manufactured diamond and planned to produce 
sufficient diamond to supply all industrial needs in the country.“ 


s Mining Journal (London). Book Reviews. V. 257, No. 6582, Oct. 18, 1961, p. 383. 

2? South African Mining and Engineering Journal. Engineering Digest-Industrial Dia- 
mond Reclamation. V. 72, pt o. 3566, June 9, 1961, p. 1339. 

= Mining World. How New Methods and New Equipment Increase Diamond Recovery 
in Africa. V. 12, No. 2, February 1961. pp. 30-33, 66. 

epee Trefoll. Concentration of Diamonds. Bull. M7-F74, January-February 1961, 


D D €. D 

vi Glass Industry. Diamond Grinding Wheels—Boon to Mirror Industry. V. 42, No. 
11, November 1961, pp. 630-631. 

D Purchasing Week. V. 4, No. 82, August 1961, p. 86. Industrial Diamond Abstracts, 
October 1961, p. A260. 

3$ Mining Journal (London). Machinery and Equipment—Diamonds for Project Mo- 
hole.” V. 256, No. 6556, Apr. 14, 1961, p. 417. 

æ Mining Journal (London). Machinery and Equipment—Detecting Diamonde and 
Metals. . 256, No. 6553, Mar. 24, 1961, p. 337. 

5 Ceramic Age. New Products—Natural Diamond Grit. V. 77, No. 8, March 1961, 


p. 58. 
S Mining Journal (Enden: Mining Miscellany, Russian Output of Artificial Diamond. 
V. 257, No. 6588, Nov. 24, 1961, p. 548. 
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General Electric Co. produced semiconducting diamond of the p- 
type (receptor) by two methods—incorporation of boron and other 
impurities in the raw material used in producing manufactured 
diamond, and diffusion of impurities into natural and manufac- 
tured diamond at high temperature and pressure. Research to pro- 
duce n-type (donor) semiconducting diamond also was underway.“ 

A new laboratory was opened in the United States to test and 
evaluate manufactured diamond for new and improved uses. Initial 
work was to be concentrated on such uses as grinding special steels, 
cutting masonry, and grinding plate glass.” . 

Radioactive diamond was produced in experimental quantity by 
adding a radioactive metal to the carbon-catalyst mixture used to make 
the diamond. The radioactive diamond does not retain static electric 
charges and therefore will not collect dust and metal particles as 
does normal industrial diamond.“ 

Presses capable of exerting pressures as high as 3 million psi were 
described.” 

Research indicated that bearing surfaces impregnated with diamond 
dust E. potential &pplications where ultrahard bearings are 

uired.*? 
iamonds over 1 carat in size were produced at General Electric 
Co. Research Laboratory, Schenectady, N.Y. Because of structural 
imperfections these first large stones did not have sufficient mechanical 
strength for industrial use. Stones of excellent quality one-tenth 
carat in size were produced at the laboratory, but were not available 
in commercial quantity.“ 

Diamond was formed from graphite by explosive shock at approxi- 
mately 3 million psi in an experiment designed to demonstrate how 
diamonds were formed in meteors that have crashed into the earth.“ 


ARTIFICIAL ABRASIVES 


Crude artificial abrasives production in the United States and 
Canada declined 16 percent in total tonnage and 15 percent in value 
from 1960. Most of the crude artificial abrasives produced in Canada 
were processed in the United States. None were processed in Canada. 
Aluminum oxide output included 17,328 tons of white, high-purity 
product, valued at $3,060,315. Silicon carbide production was at 86 
percent of capacity; aluminum oxide, at 46 percent; and metallic 
abrasives, at 41 percent. Approximately 26 percent of the silicon 
carbide and 6 percent of the aluminum oxide were sold for non- 
abrasive uses. 


Electronic News. GE Diamond Semicons. V. 6, No. 280, Sept. 11, 1961, 9: 52. 

* Mining Engineering. News from Mine and Mili—New G.E. boratory Studies Dia- 
monds. . 13, No. 12, December 1961, p. 1303. 
Dee 999 15 EES News—Radioactive Industrial Diamonds. V. 86, No. 2216, 

e U D. e. 

9 Peckver, Donald. Ultra High Pressures Create New Materials, Mat. in Design Eng., 

Me 54, Nos. 3, September 1961, pp. 111-117. Wentorf, Robert H., Jr. High Pressure Chem- 
m. e ; 


S 86. 
“South African ate and mre peering Journal. The Editor’s Notebook—Industrial 
Diamond Developments. . 72, pt. 2, No. 3587, Nov. 3, 1961, p. 1033. 

“ Missiles and Rockets. Man-Made Diamonds Cross One Carat Mark at G.B. V. 8, No. 
2, gan 9, 1961 3 


» D. 30. 
ewsweek. Space and the Atom, Meteors: Dirt Cheap. May 29, 1961, p. 94. 
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Graded abrasive grain of all types sold to domestic users and manu- 
facturers increased 2 percent over 1960, while sales to foreign manu- 
facturers and users decreased 3 percent. The value of bonded 
grinding wheels sold by domestic producers was $152.5 million, down 
5 percent from 1960. Vitrified wheels accounted for 43 percent of 
total sales; resin- and shellac-bonded wheels, for 39 percent; rubber- 
bonded wheels, for 5 percent; and all others, including diamond wheels, 
for 13 percent. Coated-abrasive sales by domestic manufacturers 
totaled 2,207,836 reams valued at $114,622,239, an increase of 2 percent 
in quantity but a 1-percent decrease in value compared with 1960. 
Based on the number of reams sold, aluminum oxide accounted for 
41 percent of the total volume; silicon carbide, for 32 percent; garnet, 
for 13 percent; flint, for 11 percent; and emery, for 3 percent. Glue 
was used as the adhesive on 63 percent of the coated abrasives sold; 
waterproof bonds, on 19 percent; and resin bonds, on 18 percent—all 
unchanged from 1960. 


TABLE 14.—Crude artificial abrasives produced in the United States and Canada 


Silicon carbide ! Aluminum oxide! | Metallic abrasives ? Total 
(abrasive grade) 
Year 

Short Value Short Value Short Short Value 

tons (thou- tons (thou- tons tons (thou- 

sands) sands) sands) 
1952-56 (average)....| 78,277 | $10,997 -| $21,747 | 146,740 431, 991 $49, 745 
1955 EE 124, 688 19, 152 28, 202 131, 503 484, 702 65, 634 
1958 A OA 110, 456 17,597 122, 868 16, 870 181, 159 334, 483 48, 806 
1959. 132. 458 21, 087 158, 392 22, 072 126.719 ; 417, 569 62, 928 
W960 EE 133, 219 20, 636 195, 906 27,111 112, 383 441, 508 64, 594 
1981 es 125, 726 20, 078 136, 951 18, 735 109, 515 372, 192 54, 937 


1 Figures include material used for refractories and other nonabrasive purposes. 
3 Shipments from U.S. plants only. 


TABLE 115.—Production, shipments, and stocks of metallic abrasives in the 
United States, by products 


Manufactured Sold or used Stocks Dec. 31 
Year and product 
Short Value Short Value Short Value 
tons (thou- tons (thou- tons 
sands) sands) 


900: 
Chilled fron shot and grit.. 38, 801 $4,086 38, 074 $4,195 7,404 
Annealed iron shot and grit.| 32,190 4,151 32, 342 4,178 1,517 


Steel shot . 6, 302 
Other types (including cut |? 3 40, 708 37,672 | 341,067 3 8, 474 
wire shot 
EE eege 111, 789 15,909 | 112,383 16, 847 


—— | ee 2 | H L——————————— 
ka | —————— M Eed Eege nr 


Chilled iron shot and grit 36, 841 3, 849 35, 494 3,773 

Annealed iron shot and grit. 28, 827 3, 667 29, 056 3, 698 

Bteel shot 1464. 

Other types (including cut |? 345,211 | 87,840 | 3 44, 965 3 8, 653 
wire shot 


— — El Eege | a nrc tmn || y renes | mca ct AS 


Total ere 110, 879 15,356 | 109,515 16, 124 16, 930 


V Included in capacity of chilled iron shot and grit. 

3 Includes steel grit. 

3 Combined to avoid disclosing individual company confidontial data. 
4 Includes revisions in product detail. 
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Interest of U.S. producers in establishing manufacturing outlets in 
foreign countries remained high in 1961; new plants were completed 
or under construction in Mexico,“ Chile,“ Australia,“ and Luxem- 
bourg.** One major company announced that 40 percent of its sales 
in 1960 were outside the United States.“ 

Technology.— Pads made of unwoven nylon fabric impregnated with 
fine silicon carbide abrasive were used for deburring small precision 

arts made of aluminum and stainless steel. The pliable pads, con- 
orming to the shape of the area being ground, were less likely to 
damage the parts than methods previously used. Available in 30- 
foot strips, the fabric was die-punched to the desired shapes as needed.“ 

A new abrasive-impregnated “sponge” material was announced. 
Wheels made of this material were said to adapt to the shape of the 
product being ground, thereby grinding complex shapes in a single 
operation. The wheels operated either dry or wet and did not require 
high contact pressure for efficient grinding.“ 

Cost of blast cleaning with metal abrasives at one plant was cut 55 
percent through a simple method of measuring operating time and 
abrasive consumption for each abrasive tested, with no interference 
with plant operation.“ 

The abrasive-wheel marking system used by U.S. manufacturers 
was described in a series of five articles covering grain types, grain 
sizes, wheel grade, wheel structure, and bond types.** Specifications 
on sizes and shapes of grinding wheels for various industrial upplica- 
tions were published in American Standard Specifications for Shapes 
and Sizes of Grindin Wheels.“ 

A review of the abrasive-wheel safety regulations or codes of the 
United States was published. As of August 15, 1961, 14 States had 
adequate safety codes, 23 had some codes or regulations, and 15 had no 
legal regulations. (The District of Columbia and Puerto Rico were 
considered as States in the survey for convenience.) % 

A new film on grinding wheels was made available. The film de- 
icts the historic importance of grinding wheels, the safety features 
uilt into the wheels by the manufacturers, and applications in which 

grinding wheels can be used to advantage. 


Chemical Engineering. CPI News Briefs—International, Mexico. V. 68, No. 12, 
June 12, 1961, p 285. 
es World. International News—Latin America, Chile. V. 23, No. 4, April 1961, 


p. 47. 

“Steel. Plans Australian Plant. V. 148, No. 11, Mar. 13, 1961, p. 110. 

Steel. Metalworkers Urged To Increase Foreign Investments and Trade. V. 149, 
No. 11, pepe 11, 1961, p. 85. 

e Wall Street Journal. Carborundum Co. Says Its Sales Abroad Are Increasing. V. 
157, No. 101, ay 24, 1961, Be ; 

“Tron Age. ylon Pads burr Fine Parts. V. 188, No. 23, Dec. 7, 1961, p. 126. 
407. Metal ndustry (London). Industrial News. V. 98, No. 20, May 19, 1961, pp. 

% Grinding and Finishing. Metal Abrasive Selection in Blasting Saves 55 Percent. V. 
7, No. 10, October 1961, PP 56-57. 

© McKee, Richard L. tandard Marking System. Grinding and Finishing, v. 7, Nos. 
2-6, February-June 1961. 

62 Grinding and Finishing. Grinding Wheel Shapes and Sizes Specifications. V. 7, No. 
8, August 1961, p. 42. 

*" Grinding and Finishing. Industry News—Connecticut Adopts ASA Wheel Safety 
Code. V. 7, No. 10, October 1961, p: 86. McKee, Richard L. What Are the Facts On 
State Safety Codes? Grinding and E v. 7, No. 3, March 1961, pp. 36-37. 

1861. b. 48. and Finishing. Tools That Shaped America.” V. 7, No. 12, December 
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FIGURE 1.—Relationship between ingot steel and artificial abrasives production, 
1940-61. 


MISCELLANEOUS MINERAL-ABRASIVE MATERIALS 


In addition to the natural and artificial abrasive materials for 
which data are available, many other minerals were used for abrasive 
pu Oxides of tin, magnesium, iron, and cerium were used for 
polishing. Boron carbide and tungsten carbide were used as abra- 
sives where extreme hardness was required. Finely ground and cal- 
cined clays, lime, talc, ground feldspar, river silt, slate flour, whiting, 
and other materials also were used as abrasives. 

A new cerium oxide mirror polish for blocking and beveling re- 
portedly reduced production costs and increased output.“ A cutting 
tool for wood, cement, and plastics, with potential applications for 
cutting metals and other hard materials, utilized a fine stream of liquid 
under several thousand pounds of pressure as the cutting head. Glass 
beads were used as a blasting medium for cleaning and peening metals. 
Regular and high-density beads were available in sizes ranging from 
10 to 840 microns." 


55 Chemical & Engineering News. Briefs. V. 39, No. 39, Sept. 25, 1961, p. 58. 

as Purchasing Week. Abrasi-Jet Machine Tool Co. V. 1, No. 25, June T3 1961, p. 27. 
Industrial Diamond Abstracts, v. 18, September 1961, p. 40. 

* Prismo Potters. Size Data Sheets. Industrial Division of the Prismo Safety Corp. 
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FIGURE 2.—Coated-abrasives industry in the United States, 1938-61. 
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TABLE 16.—Stocks of crude artificial abrasives and capacity of manufacturing 
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Al uminum 
By Kenneth B. Higbie Clarke I. Wampler? and Mary E. Trought? 


A 


RODUCTION of primary aluminum in the United States in 1961 
p was 5 percent less than in the record year 1960 and was the third 
highest figure in the history of the industry. Shipments of pri- 
mary metal exceeded production and were only 32,000 short tons less 
than in the peak year 1959. "World production was 5.2 million tons, 
4 percent above 1960. Domestic production capacity remained vir- 
tually unchanged, and foreign capacity for producing the metal 
increased only 4 percent. Most companies were making plans for 
future expansion, but little or no expansion was taking place during 
the year. Consumption of aluminum increased as new markets were 
captured. 


TABLE 1.—Salient aluminum statistics 
(Thousand short tons and thousand dollars) 


1952-56 
(aver 1957 1958 1959 1960 1961 
age) 
United States: 
Primary production 1,379 1, 648 1, 566 , 954 2, 014 1, 904 
Ill e gaeuER lie EE $584, 658 | $836, 944 | $773,610 | $955,190 , 080, $049, 768 
Price: Ingot, average cents per 
o A A ü, e 22. 4 27.5 26.9 26.9 26.0 25. 5 
Secondary recovery .. 328 362 290 360 329 340 
Imports for consumption (crude 
and semierude) 252 258 293 802 196 255 
Exports (crude and semicrude)..... 36 63 82 164 384 238 
Consumption, apparent 2 : 2, 137 2, 092 2, 488 32,016 2,321 
World: Production 8, 070 33,710 3 3, 865 3 4, 480 3 4, 985 b, 195 


1 The 1952-53 data are recoverable aluminum-alloy content; data for subsequent years are recoverable 
aluminum content. 

2 Measured by quantity of primary sold or used plus secondary recovery and net imports. 

Revised figure. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Harvey Aluminum, Inc., shipped aluminum ingot to the Govern- 
ment Defense Production Administration inventory under a supply 
contract negotiated during 1950-52, Total metal delivered was 41 
percent greater than that supplied during 1960. Quantities of alumi- 
num nd in various government stockpiles are given in the section 
on stoc 


1Commodity specialist, Division of Minerals. 
3 Statistical assistant, Division of Minerals. 
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Congress approved legislation to continue for another year sus- 
pension of a duty on imports of aluminum scrap. This duty had been 
suspended on an annual basis for each of the past 5 years. 

ariff discussions among the United States and European nations 
were held at Geneva, Switzerland, under the Genera] Agreement on 
Tariffs and Trade. Nochanges were made in the tariffs on aluminum. 

The Department of Justice brought antimerger charges against 
Kaiser Aluminum & Chemical Corp., seeking to force it to give up 
ownership of the U.S. Rubber Co. wire and cable department in Bris- 
tol, R.I. In April 1960 the Justice Department had brought a similar 
antitrust action against Aluminum Company of America (Alcoa) for 
its 1959 acquisition of Rome Cable Corp. The latter case was sched- 
uled to be tried late in 1961, but was delayed until after the end of the 
year. 


TABLE 2.—Shipments of aluminum to the Government under aluminum 
supply contracts 


(Short tons) 
Year Kaiser ! 

AAA (8 104. 998 116, 804 

1UDM A AA SAA 95, 272 
I. II 

1% ]⁰Ü¹˙ ACACIA WEEN 

ö ⁰i . ͤ- eot . API 

Y A r w coc uc 


1 Contract expired In 1958. 

2 Contract expired in 1959. 

2 Contract extended to expire in 1964. 

* Shipment in December 1960 with respect to tenders made prior to 1960. 


DOMESTIC PRODUCTION 
PRIMARY 


Domestic production of primary ingot was less than the record year 
of 1960. e 1,904,000 short tons produced was the third highest 
quantity in the history of the industry. Shipments exceeded produc- 
tion by 52,000 tons and were 5 percent or 90,000 tons greater than the 
1960 shipments. During the year the industry operated at an average 
of 77 percent of installed capacity, with the highest quarterly rate, 80 
percent, attained during the list quarter. 

Cerro Corp. purchased United Pacific Aluminum Corp. and 
obtained in the merger the existing contract with Bonneville Power 
Administration (BPA) for sufficient electric power to operate an 
aluminum reduction plant with a 40,000-ton annual capacity. A 
possible site on the Columbia River near Wauna, Oreg., was optioned. 
Cerro later joined with Bridgeport Brass Co. Division of National 
Distillers & Chemical Corp. to study jointly the feasibility of building 
a reduction plant of 56,000-ton annual capacity, but no firm construc- 
tion plans were released during the year. 

Harvey Aluminum announced its intention to build an additional 
15,000-ton-per-year aluminum reduction plant in the Pacific North- 
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west, but by the end of the year firm plans had not been released. 
Harvey had a contract with BPA, which expired in November 1961, 
for electric power for the plant. 

Harvey announced it was planning to build in the Caribbean area 
an alumina plant which would have a production capacity of 150,000 
tons of alumina per year. Completion early in 1961 of the installa- 
tion of an additional 60 cells in Harvey’s reduction plant at The Dalles, 
Oreg., increased plant capacity from 60,000 tons to 75,000 tons. The 
additional 15,000 tons brought the total U.S. primary ingot produc- 
tion capacity to 2,483,750 short tons. 

Kaiser placed five refining sells for producing superpurity alumi- 
num in operation at its Mead plant during April. The addition of 
these cells increased by 55 percent Kaiser’s capacity for producing 
aluminum of greater than 99.99 percent purity and brought Kaiser’s 
total capacity for the special meta] to more than 5.3 million pounds 
annually. Each cell had a rated capacity in excess of 380,000 pounds 

r year. 
ve coa announced its entry into the superpure aluminum field with 
the development of new quality-control techniques which permitted 
the production of extra-pure metal. These and other minor changes 
in the superpure-metal industry increased the total U.S. capacity for 
the metal to approximately 6,780 tons a year representing about 22 
percent of the world total which was estimated at 30,200 tons 
annually. 

A. modernization and expansion program at Alcoa's Badin, N.C. 
reduction plant continued nnne 1961. Old potlines were removed 
and were to be replaced with new facilities. 

The Government sold its aluminum-extrusion pnt at Adrian, 
Mich., to Harvey Aluminum Co., Torrance, Calif., for $3,626,100. 
The former defense plant was estimated to have an annual capacity 
of more than 25,000 tons of aluminum forgings and extrusions. 

Reynolds Metals Co. expanded its foil printing pun at Bellwood 
Va., by 50 percent. Three additional presses brought the plant’s total 
to nine with capacity to prat more than 600 miles of foil per day. 
Reynolds purchased the Ford assembly plant in Chester, Pa., and 
announced that it planned to convert the property into a facility for 
fabricating insulated wire and cable products. 

A second rolling mill installed by Kaiser at Ravenswood, W. Va. 
was capable of roll forming and welding aluminum tubing in 0.031- 
to 0.049-inch gages at a rate of 300 feet per minute in 34- and 1-inch 
diameters. nstruction of a new five-stand tandem cold-rolling mill 
at the Ravenswood plant was begun. 

As an effort to improve small-business relationships, several of the 
primary producers announced that they would not accept orders for 
standard size sheet and plate in quantities of less than 4,000 pounds 
and would also decline orders at the mills for nonstandard lots of 
sheet and plate of less than 2,000 pounds except in a few special 
categories.‘ 

3 American Metal Market. Super Purity Metal. V. 68, No. 72, Apr. 17, 1961, p. 9; 
New Super Purity Source. V. 68, No. 223, Nov. 21, 1961 


. 68, No „ D. 11. 
Re Ce Metal Market. Alcoa To Aid Distributors" V. 68, No. 214, Nov. 8, 1961, 
pp. 1, 10. 
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A $2 million expansion of Kaiser’s aluminum-processing facilities 
at Chalmette, La., to produce extrusion billet was completed in 1961. 
The plant capacity for casting billet was increased approximately 
50 percent. 

ynolds set up a can-making plant in Orlando, Fla. This plant 

and assembly lines installed in plants of three Florida frozen-juice 

ackers were capable of producing 70 million cans a month. A new 

oil rolling mill, capable of producing foil 84 inches wide, was in- 
stalled by Reynolds in its Louisville, Ky., foil plant. : 

The new mill was to be employed for rolling light-gage aluminum 
sheet ranging from 0.020 to 0.003 inch in thickness and up to 48 inches 
in width. 

Several major aluminum reduction and alumina production facil- 
ities along the Gulf Coast were badly damaged in September when 
Hurricane Carla passed through the area. Portions of the produc- 
tion operations at Point Comfort and San Patricio, Tex., were closed 
for as long as a month as a result of the storm, which interrupted 
power, destroyed buildings, and damaged dock facilities.’ 


TABLE 3.—Production and shipments of primary aluminum in the United States 


(Short tons) 
1960 1961 
Quarter dE, FAA RE t NA 
Production | Shipments | Production | Shipments 

PF ATT II A A E 536 1 452, 010 433, 601 
o A A A 515, 815 460, 789 461, 271 491, 362 
OE EEN §13, 419 457, 555 491, 344 483, 406 
POUCH A A A iador 493, 728 459, 717 499, 086 547, 798 
JJ ³¹¹mꝛꝛ¼ꝛ A e ce aE o iddo nro 2, 014, 498 1, 866, 251 1, 903, 711 1, 956, 167 


1 Quarterly production and shipments adjusted to final annual totals. 


SECONDARY 


The secondary aluminum industry operated at a level about 5 
5 higher than in 1960. According to reports to the Bureau of 

ines, domestic recovery of aluminum alloys (including all constitu- 
ents) from 498,000 tons of nonferrous scrap totaled 416,000 tons. 
Recovery from new scrap was 282,500 tons, a decline of less than 1 
percent. Recovery from old scrap and sweated pig increased to 
133,400 tons, 91 percent above the preceding year. An additional 
1,470 tons of aluminum was recovered from copper-base, zinc-base, 
and magnesium-base scrap. The value of 340,000 tons of aluminum 
recovered from processed scrap was $174 million, computed from the 
average price of primary aluminum ingot of 25.5 cents per pound. 

Purchased aluminum-base scrap and sweated pig reported used 
by all consumers totaled 498,100 tons. Independent secondary smelt- 
ers used 331,700 tons or 67 percent. Primary producers used 44,600 
tons or 9 percent, and foundries, fabricators, and other consumers 
used 121,800 tons or 24 percent. 


ib american Metal Market. Hurricane Damage in the Millions. V. 68, No. 179, Sept. 18, 
» P. Y. 
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TABLE 4.—Actual and planned primary aluminum production capacity in the 
United States, by companies 


(Short tons per year) 


Company and plant 
Actual, end | Being built | Total, actual 
of 1961 in 1961 and planned 


Aluminum Company of America: 


Alcoa; TA. AMI EEN 157, 100 
Pl“. ⁵ ↄ / ⁵ðV ⅛ð2Vu f 47, 150 
Massena, T AA ⁰˙— 8 150, 000 
Point Comfort, 1 ꝶ l“ cenSccsecckecsccs 140,000 l.. 140, 000 
Rockdale, Tex.............-..--- Ll cc eee c eee c cessere O a 150, 000 
Vancouver, Wasn | 997,900 |...........-.. 97, 500 
Wenatchee, Wash 108,500 |.............- 108, 500 
Evansville, Tod... 35, 000 175, 000 
A a WEE 1, 025, 250 
Reynolds Metals Co.: 
Arkadelphia, Ark. -ꝛ H k 55,000 55. 000 
Jones Mills, Ar „„„„4õ „ S000 PA 109, 000 
Listerhill, Als. Rene 190. 000 
. )nöͥĩͥĩ5ͤið ͤ ↄꝗA AVV / 8 60. 050 
San Patricio, Teů kn: 95.000 |.............- 95, 000 
Troutdale, Ore@ E -—-———-—-—-———— — oo T 91, 500 
Massena, N. KK 1100, 000 |.............. 100, 000 
%! , 701, 000 
Kaiser Aluminum & Chemical Corp.: 
Chalmette, A 247,500 247, 500 
Mead, A 16,0000 176, 000 
Tacoma, Wa | 41.000 |.............. 41. 000 
Ravenswood, W. Va 1345. 000 ——— 145, 000 
M ³˙Ü¹w¹Aaa ee pd s A + 10 118 PAE 609, 500 
Anaconda Aluminum Co.: Columbia Falls, Mont............ „000 |.............- 65, 000 
Harvey Aluminum, Inc.: The Dalles, Oreg................... 00 00 8 75. 000 
Ormet Corp.: Clarington, Ohio...............................| 180,000 |.............. 180, 000 
Grande ] ð §2t 2, 655, 750 


1 At end of 1961 the plant was complete, but only two potlines of 33,300 tons each were operating. 


TABLE 5.—Aluminum recovered from scrap processed in the United States, by 
kind of scrap and form of recovery 


(Short tons) 
Kind of scrap 1960 1961 Form of recovery 1960 1961 
New scrap: 
Aluminum-base.......| 1 266,141 3 237, 765 || As metal................. 16, 684 21, 552 
Copper-base. .......... 32 55 || Aluminum alloys. ....... 308, 318 316, 396 
Zinc-base.............- 8 285 230 || In brass and bronze 3 258 142 
Magnesium-base....... 289 123 || In zinc-base alloys........ 31,970 720 
— ä. In magnesium alloys..... 228 330 
Pot... 3 266, 747 238,173 || In chemical compounds. 1, 992 1, 328 
Total 3 329, 450 340, 468 
Old scrap: 
Aluminum-base........ 1 61, 769 3 101, 233 
Copper- base 104 87 
Zinc-base. ...........-- 3 565 600 
Magnesium-base....... 265 375 
Nell 3 62, 703 102, 205 
Grand total. 3 329, 450 340, 468 


1 Aluminum alloys recovered from aluminum-base scrap in 1960, including all constituents, amounted to 
283,305 tons from new scrap and 69,784 tons from old scrap; total, $53,089 tons, 

2 Aluminum alloys recovered from aluminum-base scrap in 1961, including all constituents, amounted to 
REN tons from new scrap and 133,366 tons from old scrap and sweated pig; total, 415,930 tons. 
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TABLE 6.—Stocks and consumption of new and old aluminum scrap and sweated 
pig in the United States in 1961 * 


Class of consumer and type of scrap 


Secondary smelters: 3 
* — 2 28 sheet and cli 
ega eet an pS.....-.-- 
Segregated 38 sheet and clips 
ted 518, 528, 618, etc., sheet 
clips, less than 0.6 nt Cu.. 
Segregated 148, 178, 248, 28 etc., 
sheet and clips, more than 0.6 per- 
SE EES 
t and clips, more than 0.6 per- 
Mixed low Gu clips, 0.6 percent maxi- 
mum Cu 


— a ud turn 
Segregated ua 8 g * 7 HE 
Segrega 


Mixed, Zn 1.0 percent maximum 
Mixed, Zn over 1.0 percent 
Dross and skimmings -n oonnn 
Foil (includes both new and old) 
Miscellaneo 


Pots and p 


o E —)—U——— y ßk 2 
cn. enn: mm e mm mm oo... 


Primary producers: 

New A old * 
Segregated 28 sheet and clips 
— 38 sheet and POR 

ted 518, 528, 618, 

clips, less than 0.6 

yA 148, 178, 248, 258, etc., 

t and clips, more than 0.6 per- 
amt AE Judy 
rcr 758, 768, 778, 788, 80S type 
and clips, more than 0.6 per- 
1 
Mixed low Cu clips, 0.6 percent maxi- 
0 W5 P WEEN TP EHS EH 
Mixed clips, more than 0.6 percent Cu. 
„ A TEA 

Borings and turnings 

Segregated 148, 18, 248, 258........ 
Segregated ted 758, 768, 718, 788, 808... 


correa Pee edt > 


CO 1.0 percent e 
ed, Zn over 1.0 


(Short tons, gross weight) 
Consumption 
Stocks Stocks, 
Jan. 12 | Receipts Dec. 31 
New Old Total 
scrap scrap í 
500 6, 658 8 6, 638 520 
471 6, 229 Y ET 6, 134 566 
461 27, 462 SESS. lo is 26, 562 1, 361 
506 6, 294 6,364 |.......... 6, 354 446 
618 5, 416 SO AAA 5, 425 609 
990 24, 932 E AAA 24, 409 1, 513 
985 23, 946 Ee , 957 1,974 
459 5, 452 LT LL e 5,557 354 
526 R, 457 e 8, 743 240 
526 9, 801 H. a eee eee 9, 929 398 
35 14, 499 IS ` Ni BEE? 13, 821 713 
1,184 23, 831 35 012 ira 24, 012 1, 003 
1, 335 ,078 r . 820 1. 193 
3, 824 43.717 . 42, 991 4, 550 
163 2.976 T BIB Bee 2, 848 291 
687 10, 461 e 10, 640 508 
274 Xo pee 1, 661 1, 661 213 
1,121 ILMT PAE 17, 990 17, 990 978 
291 . 4, 957 4, 957 301 
253 1 3. 984 3. 984 308 
1, 034 o ig etree 19, 696 19, 696 1,311 
124 BAM AS Se 2,710 2,710 533 
438 x» NEE 9,075 9,075 062 
1, 430 ¿Ey y: Y ESE A 8, 006 8, 006 1,198 
1, 032 6 22. 786 22, 786 , 906 
19,267 | 337,487 | 240,840 90,865 | 331,705 25, 049 
139 3, 408 e 3, 404 143 
170 6, 163 1 6, 224 109 
682 16, 515 e 16, 949 248 
91 2, 615 - A 4 ERR REOR 2, 595 111 
111 2, 573 4 BE 2, 684 0 
111 3,101 LM aa 3, 241 61 
BGG CAMA . 773 0 
19 1, 126 LI LEE 1,123 22 
3 137 112 130 10 
3 24 „ 21 6 
0 500 9 91 456 44 
7 18 — 23 2 
9 34 E ER 31 12 
438 2, 883 Wo . 3, 158 163 
113 3, 365 ESI WESSEN 3,411 67 
15 8819.9 78 78 25 
0 814. 3 3 0 
0 NEP 1 1 0 
0 ML e 267 267 0 
2, 027 43, 568 44, 223 349 44, 572 1, 023 
DSS ß ><=—== a ao a a 


Bee footnotes at end of table. 
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pig in the United States in 1961—Continued 
(Short tons, gross weight) 


Class of consumer and type of scrap 


ig fabricators, and chemical 


— Ji sheet end cil ASES 
Segregated 38 sheet and clips — 
ted 518, 528, 618, etc., sheet 
an clips, less than 0.6 t Cu.. 
— 178, yi eh etc., 
ps, more 6 per- 

Qu. 


“thet and cli 768, 778, 788, 808 
et and clips, more than 0.6 per- 


Segregated = 248, 258........ 


ox op CAES Ee 
M E eve 1.0 percent......---- 


EEN deer ree 


Segregated 28 sheet and clips 
Begregated 38 sheet and dije: Ly diit 
Pë SIS, 518, m 618, etc., sheet 
— d 0.6 nt Cu. 
t and A E than 06 po 
an more 

cent Cu... dips, 2 ded 

— dis = yi y 0.6 
chest more - 
cent guis mie taa M pm 


Mixed slips, more then 0.0 percent Cu. 


Cast * 24 EA LI eS. 
Borings an . 
Segregated 758, 178, 248, — ee 


M 7n 1 O percent maximurn.... 
— over 1.0 percent 


INNER AAA 
Mixed : 1 
Aircraft. 


im scrap. 
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TABLE 6.—Stocks and consumption of new and old aluminum scrap and sweated 


Consumption 
Stocks, Stocks, 
Jan. 1? | Receipts Dec. 31 
New Old Total 
scrap scrap * 

329 1,754 A, PAIS 1, 969 114 
600 20, 843 20,088 | orna 20, 735 708 
319 12, 801 A RR =. 12, 682 438 
6 149 > ES 124 31 

8 40 112 48 0 
312 6, 434 GI ee 6, 195 551 
323 827 BL. b. 651 499 
142 1,102 0B LII 949 295 
0 52 aM iL 52 0 

1 26 AAA 27 0 

1 1 r 2 0 
10 37 a ALE 43 4 
563 2, 551 A Lo Sera 2, 641 473 
205 4, 318 ZWEE 3, 886 637 
0 | ere 81 81 17 

0 9 98 98 0 

0 Y PAI 4 4 0 

2 11 49 49 1 
46 99911 489 459 33 
0 A Been 218 218 1 

0 PAL = 0 0 1 
10 le IS 33 33 28 
14 TO. "A BNL) 70, 863 70, 863 4, 633 


| — — — — | CO  ——CsWYW CXC — —“ꝙòꝙu 


— 1 —— — ——— ſf— — — — . — — — 


11, 820 bs 12, 011 

1, 241 , 11 33, 093 
1, 462 56, 778 e 56, 193 
603 9, 058 KD E 9, 073 
737 8, 029 810 1 — 8. 157 
1,413 34, 557 83,845 |.......... 33, 845 
1, 424 25, 430 . 24, 381 
7, 13,099 lonnztinare 7, 629 

529 8, 646 1 8. 925 
529 9, 825 9, 950 . ee 9, 950 
15, 025 4 Wd 14. 304 

1, 191 23, 849 24,035 |.......... 24, 035 
1, 345 23,713 dee 23, 853 
3, 834 43, 754 DUE Liggen 43, 034 
1, 164 8, 410 9, 04 ee 8, 647 
1, 005 18, 144 17,987 |.......... 17, 037 
289 122. 1, 820 1, 820 
1,121 LC, Lemon cone 18, 088 18, 088 
291 — 4, 961 4, 961 
255 $080 A 4, 033 4, 033 
1, 080 AAA 20, 188 20, 188 
124 3.338 LLL. 2, 928 2, 928 
438 P ` A NEEN 9, 075 9, 075 
1,440 17881 5 , 040 8, 040 
1,046 | 100,809 |.......... 93, 916 93, 916 


smelters owned by primary aluminum companies. 
sweated pig. 


Digitized by Google 
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TABLE 7.—Production and shipments of secondary aluminum alloys by 
independent smelters 


(Short tons) ! 
1960 1961 
Product 
Produc- Ship- Produc- Ship- 
tion 2 ments 3 tion 2 ments 3 

Pure aluminum (Al minimum, 97.0 percent) 16, 684 16, 488 21, 552 21, 188 
Aluminum-silicon (maximum Cu, 0.6 percent 23, 947 r AAA 
95/5 Al,-Si, 356, ete. (0.6 percent Cu maximum) 11,130 10, 384 

13 percent Si, 360, etc. (0.6 percent Cu maximum) 23, 006 23,573 
Aluminum-silicon (Cu, 0.6 to 2 percent 5,706 6,011 6, 498 6. 513 
No. 12 and variations 4,011 3, 862 4, 033 4,136 
Aluminum-copper (maximum Si, 1.5 percent 1, 000 1,117 1, 404 1,379 
No. 319 and variations 36, 683 36, 519 32,174 32, 334 
TOS US AR EE, EE EE 2, 927 2, 991 
AXS-679 and variations sss 111,735 110, 568 113,814 114,375 
Aluminum-silicon-copper-nickel_...._---...--...-------- 15, 348 15, 312 16, 106 16, 146 
Deoxidizing and other destructive uses 29, 098 20: 524. | sns A 
Grades Land AI A A EEN, EE 9, 626 9, 229 
Grades Jarnd DEE, AAA 8 14, 747 15, 181 
Aluminum-base hardeners. __...........-....-...------ 9, 333 9,147 11, 146 11, 163 
Aluminum- magnesium .- c cssc cese e crecer 1, 993 2,032 1, 441 1, 556 
Alumipnum.-dne 2.2 eee eee ee eee eee 9, 545 9, 362 §, 093 4, 614 
Miscellaneous 16, 881 16, 494 20, 279 20, 901 
Fr HUS 281, 964 280, 342 204, 976 295, 643 


1 Gross weight, including copper, silicon, and other alloying clements, at independent secondary smelters; 
total secondary aluminum and aluminum alloy ingot contained 14,105 tons primary aluminum in 1960 an 
Ee made for consumption by producing plants. 

$ No allowance was made for receipts by producing plants. 

The Bureau of Mines estimated that full coverage of the industry 
during 1961 would show a total scrap consumption of 579,000 tons 
and a secondary ingot production of 345,000 tons. Calculated alu- 
minum recovery based on full coverage would total 451,000 tons, and 
the metallic aluminum-alloy recovery would total 485,000 tons. 

Aluminum-alloy ingot production, as reported to the Bureau of 
Mines, totaled 295,000 tons, 5 percent more than in 1960. Data on 
remelt ingots excluded alloys produced from purchased scrap by the 
primary producers. Shipments of many casting alloys increased 
1n 1961. 

The data obtained through a Bureau of Mines canvass are combined 
with data made available to the Bureau by the Aluminum Smelters 
Research Institute, which covers the operations of its members. "The 
combined coverage is estimated to represent about 83 percent of the 
secondary aluminum industry. 

In October, George Salls Metals Co. of Philadelphia, Pa., an- 
nounced plans to expand its nonferrous smelting and other facilities. 
About 20,000 square feet of space would be added to the existing plant. 
Additional equipment would include & 100,000-pound-capacity alu- 
minum reverberatory furnace with modern metallurgical controls. 
A quantometer was to be added to the research laboratory. 


CONSUMPTION AND USES 


Sales of primary aluminum by producers increased 5 percent in 
1961. Secondary alumimum recovered from old nonferrous scrap 
increased 63 percent; that from new nonferrous scrap decreased 11 
percent. 
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Net shipments of aluminum wrought products and castings in- 
creased 8 percent to 2,053,000 tons. Compared with 1960, shipments 
of extruded shapes increased 10 percent, rolled structural shapes in- 
creased 16 percent, and sand casting decreased 4 percent. Wrought 
products continued to represent about 80 percent of all shipments. 

It was estimated by the aluminum industry that 1961 shipments 
of aluminum by product were as follows: Ingot, 31 percent; sheet and 
plate, 31 percent; extrusions and tubes, 21 percent; electrical wire and 
cable, 6 percent; foil, 6 percent; and other, 5 percent. 


TABLE 8.—Apparent consumption of aluminum in the United States 


(Short tons) 
Primary Recov Recovery Total 
Year sold or used por from new | apparent 
by pro- consump- 
ucers ! tion 
1952-56 (average) 1, 360, 042 1, 903, 663 
e . eee eet 1, 579, 063 2, 136, 526 
lr LEE 1, 590, 978 2, 092, 152 
a 1, 988, 2, 488, 315 
TOO A A 1, 866, 251 4 2. 015, 644 
re 1, 956, 167 2, 320, 639 


1 Includes shipments to the Government: 1957, 324,311 tons; 1958, 323,128 tons; 1959, 73,235 tons; 1960, 
37.002 tons; 1961, 52,138 tons. 

1 de and semicrude. Includes ingot equivalent of scrap imports and exports (weight X 0.9). Includes 
some shipments to Government stockpiles: Figures not available. 

3 The 1952-53 data are recoverable aluminum.alloy content; data for subsequent years are recoverable 
aluminum content. 

4 Revised figure. 


The following distribution for wrought products was obtained 
from the figures published by the Bureau of the Census: 


Percent 
1960 1962 
Plate, sheet, and foil: 
Non-heat-treatable 222 89.5 37. 6 
Heat-treatable 2222222222222 6. 0 7.0 
Föll cea EE 8. 2 8.1 
Rolled rod, bar, and wide: 
Rod, / ete A ³¹w¹AA A 8.1 3.0 
Bare wire, conductor and non conductor 1.8 1.6 
Bare cable (including steel-reinforced) 6.0 7.0 
Wire and cable, insulated or covered - 2.0 2.0 
Extruded shapes: 
Alloys other than 2000 and 7000 series 26.6 26.4 
Allloys in 2000 and 7000 series 222222 1.3 1.5 
Tubing: 
e ß ß 2. 0 1. 9 
Welded non-heat-treatable 2 .8 1.1 
Powder, flake, and paste: 
Atomlzed- ou AS .4 .4 
Flaked EE Bi 22 
Pablo EE 5 .5 
Forgings (including impact extrusions) .----------------------- 1.6 1.7 
POCO) BEE 100.0 100.0 


1 Includes a small amount of rolled structural shapes. 
8 Includes a small amount of heat-treatable welded tube. 
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TABLE 9.—Net shipments’ of aluminum wrought and cast products by producers 


(Short tons) 
1960 1961 
Wrought products: 
Plate, sheet, and foll... 2222-2... eee ene eee ee eee 818, 628 881, 968 
Rolled structural shapes, rod, bar, and wire ll ll lll. 2 195, 900 227, 418 
Extruded shapes, rod, bar, tube blooms, and tubing........................- 3 468, 555 516. 927 
Powder, flake, and passe 3 16. 424 17, 042 
Fl ee AI ⁰⁰⁰ Dua LUCA LAT 25, 027 28, 22A 
Otel EE 3 1, 524, 534 1, 672, 479 
Castings 
BANG EE EE 3 64.902 62, 311 
Permanent mold. gereest 2 129, 021 130, 317 
O o lla ss 3 181, 505 187, 932 
ff a DU d ULL El: (3) (3) 
"TOU AAA EE 3 375, 970 320, 910 
Gg ðAſ ⁵ ͥ0 · A 2 1, 900, 504 2, 053, 380 


1 Net shipments are total shipments less shipments to other metal mills for further fabrication. 
2 Revised figure. 


3 Figure withheld because estimates did not meet publication standards of the Bureau of the Census 
because of the associated standard error. 


Bource: Bureau of the Census. 


The Aluminum Association survey compared percentage distribu- 
tion of all millwrought and foundry-casting shipments, exclusive of 
die castings, to consuming industries as reported by its members.* 
In the fourth quarter of 1961, 18 percent of the shipments went to 
the building products industry, 18 percent to transportation, 12 per- 
cent to electrical, 11 percent to containers and packaging, and 9 per- 
cent to consumer durable goods. Slightly over 16 percent went to 
distributors and jobbers, and the remainder to other industries. 

Use of aluminum in the building and construction industry ex- 
panded, with many new applications developed in addition to expan- 
sion of past applications. Curtain walls of aluminum products 
comprised 18 percent of the total wall area of nonresidential buildings 
an increase of 3 percent over 1960." An estimated 124,000 pounds of 
metal was consumed in framing and panels of the curtain walls. 
The weight of the steel framework required was reduced at least 
30 percent by the use of aluminum curtain walls. 

he use of aluminum in new houses increased an estimated 15 
pounds per dwelling unit, raising use of aluminum to an average of 
about 230 pounds per house. Kaiser's residential market development 
survey indicated the average new home used 369 pounds of aluminum 
in 1961 in comparison to 185 pounds in 1960.8 Some housing projects 
involving two-story homes utilized as much as 650 pounds an alumi- 
num per home. Prefabricated houses using over 1,200 pounds per 
house were produced in volume. 

Use of an expandable aluminum beam as a support member for 
ying concrete floors helped speed the construction of buildings. 
The lightweight aluminum beams were easily installed and removed, 


e American Metal Market. Building Still Largest Market. V. 69, No. 80, Apr. 26, 1962, 


. 10. 
dá 1 Light Metal Age. Aluminum in Curtain Walls. V. 19, No. 7, 8, August 1961, pp. 6-7. 
Iron Age. Aluminum for Home Pushed. V. 188, No. 21, Nov. 23, 1061, p. 61. 
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with one man required to carry the beams on and off the job and two 
carpenters and a laborer needed to set and strip them.? 
everal bridges were constructed employing triangular-shaped 
aluminum beams bolted together edge to edge to form the roadway 
base. The quantity of aluminum required weighed about one-third 
that of a comparable steel bridge. Spans of 97 feet were constructed.!? 
More than 27,000 feet of aluminum tubing was ee as railing 
on the new lower level of the George ences ridge spanning 
the Hudson River. This resulted in a weight saving of 370,000 
unds compared with the weight of steel railings used on the upper 
eck," 

Development of tapered aluminum plates 11 feet wide by 20 feet 
long, tapered lengthwise and varying from 0.250 inch to 1.000 inch 
in thickness, permitted the construction of storage tanks 70 feet in 
diameter and 48 feet high with a capacity of 25,000 to 33,000 gallons.” 

The use of aluminum in truck trailers increased, partly because of 
the increased number of trailers produced and part iy because the in- 
dustry expanded its capability of making extra-wide trailer roofing 
sheet and extruded flooring systems. These new products, together 
with aluminum wheels and engines, help reduce dead weight while 
increasing payload and gas mileage. 

Shipments of mobile homes and travel trailers amounted to approx- 
imately 125,000 units in 1961, a decrease of 13 percent from 1960.“ 
Some 90 percent of all mobile homes built had aluminum sheathing. 

Railroads turned to aluminum for an increasing number of boxcar 
open hopper cars, gondola cars, tank cars, Pullman cars, ecd 
hopper cars, and many special-use cars.!“ The use of the lighter 
metal permitted larger payloads. It was estimated that 10,000 tons 
of the metal was consumed in the manufacture of all type of cars. 
Aluminum was utilized for one-piece roofs, extruded floor planking, 
movable bulkheads, doors, walls, and framework. Railway cars for 
the Minuteman missile used aluminum for lightweight removable 
roofs. The design of the full-door boxcar would not have been pos- 
sible without aluminum. 

Despite an 18-percent decrease in the number of passenger cars 
built in 1961, the quantity of aluminum used by the automotive in- 
dustry increased about 15 percent to an estimated 270,000 tons. On 
the basis of an industry wide survey, it was reported that the 1961 
models contained an average of 62.7 pounds of aluminum per car 
and that the 1962 models would contain an average of 66.5 pounds.“ 
Use of aluminum has increased each year since 1954, when an average 
of 25.0 pounds per car was used. Figures for 1955-60 were as fol- 
lows: 1955, 29.6 pounds of aluminum per car; 1956, 35.2 pounds; 1957, 


De Engine nk Noe Lightweight Beams Cut Flooring Costs. V. 167, No. 24, 
. 14, , p. 45. 
10 Iron Age. New Aluminum Use. "V. 187, No. 23. June 8, 1961, p. 66. Steel, v. 148, 
No. 16, Apr. 17, 1961, p. 17. Modern Metals, v. 17, No. 6, July 1961, p. 44. 
1 Modern Metals, v. 17, No. 6, July 1961, p. 87. 
13 American Metal Market, v. 68, No. 120, June 23, 1961, p. 11. 
3 Mobile Home and Travel Trailer Industry. Business and Defense Services Adminis- 
tration. Rept. ER-61-74. Jan. 17, 1962, 2 pp. 
Iron Age, v. 189, No. 3, Jan. 18, 1962, p. 41. 
4 Modern Metals. On The Railroads. V. 17, No. 9, October 1961, pp. 28, 30, 82. 
3 Iron Age. Aluminum in Cars—A Growing Market. V. 189, No. 2, Jan. 11, 1962, 
p. 39. American Metal Market. Aluminum Shows Further Gain in Autos. V. 69, No. 6, 
an. 9, 1962, pp. 1, 8. 
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40.5 pounce 1958, 47.3 pounds; 1959, 50.7 pounds; and 1960, 54.4 
unds 


Of the domestic car production in the 1961 model year, 10.3 percent 
had aluminum engines. This percentage was expected to remain 
stable for the 1962 model year. The total production of aluminum 
engines since use of the metal started in 1959 exceeded 1 million dur- 
ing 1961. 

Raiser contracted with General Motors Corp. to supply molten 
aluminum metal to a GM foundry at Reliance, Ohio, from Kaiser’s 
Ravenswood, W. Va., reduction plant, a distance of about 285 miles. 
The metal was to be used primarily in casting motor blocks for the 
Buick Special and Oldsmobile F-85. Kaiser was the third company 
to enter the molten metal business. General Motors previously had 
contracted with Reynolds to supply the Chevrolet foundry at Massena, 
N.Y., for Corvair motor blocks; with Reynolds for metal from the 
Jones Mills, Ark. plant; and with Alcoa to supply a foundry at Bed- 
ford, Ind.“ 

Various aluminum companies engaged in research to develop new 
alloys and fabrication techniques for use in other automotive appli- 
cations." One company was investigating die casting of aluminum 
rear-axle housings. Others were trying aluminum in wheel mountings 
where the metal's ability to dissipate heat generated by friction of 
the brake lining against the drum insert is outstanding. Automobile 
bumpers made from new aluminum uds were being tested. 

Several of the aluminum companies began aluminum-can manu- 
facturing in an effort to capture a larger portion of the market. Ma- 
chines were produced that were capable of preparing thin-wall tubing 
in excess of 1,000 feet per minute and others that could produce alu- 
minum or tin-coated steel cans three times as fast as conventional 
machines. 

Total use of aluminum for cans in 1961 according to the Bureau 
of the Census was 21,749 short tons, up 43 percent over the 1960 
quantity of 15,226 tons. However, its share of the total metal-can 
industry was relatively small, only 0.4 percent, a rise of 0.1 percent 
from 1960. An aluminum can was defined as a single-walled con- 
tainer constructed of either aluminum sheet or impact extrusions 
(slugs). This excluded containers of all types produced from alumi- 
num foil (under 0.006 inch) or collapsible tubes. 

One of the aluminum-metal producers estimated the number of 
aluminum cans produced in 1961 (in millions) as follows: Frozen 
juice concentrate, 900; motor oil, 300; aerosols, 25; beer; 40; tuna 
and other drawn cans, 100.1° Corresponding estimates for 1960 were 
(in millions) 200, 300, 25, 30, and 0, respectively. These five uses were 
estimated to comprise a total for 14 billion cans annually. Aluminum’s 
penetration of the entire 44-billion-unit metal-can market was 1 per- 
cent in 1960 and 3 percent in 1961. It was estimated that aluminum 


1% American Metal Market. Hot Metal Use Expands. V. 68, No. 63, Apr. 4, 1961, p. 8. 

"Iron Age. Aluminum Axle Housing Next. V. 187, No. 22, June 1, 1961, p. 51. 
American Metal Market. Wheels Viewed as Next Major Aluminum Use in Automobiles. 
V. 68, No. 77, Apr. 24, 1961, p. 9. 

American Metal Market. Auto Bumper Light Ore. V. 68, No. 89, May 10, 1961, pp. 1, 2. 

18 Iron Age. Canmaking Speed Is Tripled. "V. 188, No. 13, Sept. 28, 1961, p. 60. 

19 American Metal Market. Aluminum Can Forecast. V. 69, No. 17, Jan. 24, 1962, p. 11. 
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was used for 51 percent of the cans produced for frozen juice con- 
centrate, 18 percent of the motor oil containers, 3 percent of aerosol 
cans, 0.5 percent of the beer cans, and 10 percent of the tuna and other 
drawn-type cans. 

The corrosion resistance of many aluminum alloys to hot ammonium 
nitrate solutions led to their utilization in pressure vessels, storage 
tanks, and piping systems.“ Alloys 1060, 1100, 3003, 3004, and 6061 
were considered satisfactory for containing solutions above 150° F 
and at nitrate concentrations greater than 40 percent. The magnesium 
content of the alloy was found to be critical as temperature and con- 
centration increased. 

Aluminum helped make possible the mounting of 105-mm guns on 
M-60 tanks because of the saving in weight obtained by using alumi- 
num in armored plate, fuel tanks, wheels, ammunition racks, turret 
platform, and other items. Over 6,000 pounds of the metal was 
used in the M—60 tank. 

A disk-shaped aluminum reflector weighing less than 0.2 pound was 
utilized as a radio-signal collector for the E spacecraft designed 
to travel to the moon’s surface. Signals collected by the reflector 
would activate the mechanism to detach a payload capsule as it 
approached the moon. The reflector was a honeycomb sandwich 
structure made from foil and thin plate.” 

Another planned space probe involved the use of a 10-foot-diameter 
aluminum mirror which consisted of 36 blades. The surface skin of 
each blade was foil 0.005 inch thick, preformed to an accurate para- 
bolic contour by explosive forming. 

The electrical industry moved from fourth to third place among 
aluminum markets because of the increased use of the meta] in sub- 
station structures, enclosures for switch gear, reactors, and related 
electrical equipment. In cases of extreme atmospheric corrosion, all- 
aluminum towers were used to reduce maintenance costs. In other 
towers, the uppermost (hot) sections were aluminum, or aluminum 
structural components were used with wooden uprights. 

Aluminum sheeting coated with vinyl was produced for broad appli- 
cations in luggage, appliances, furniture, mobile homes, and other 
products. Other metal sheet was coated with Teflon and stainless 
Steel for cooking utensil applications. Ge leakproof packages 
Haig made possible through development of a polyethylene-laminated 

oil. 

Several new alloys were placed on the market by the aluminum 
5 Extrusion alloy C914 possessed a better combination of 
mechanical properties and extrusion speed, having special advanta 
in matte finish applications. Extrusion alloy C58 was especially 
receptive to porcelain enameled type of finishes. Alloy 6563 was 
designed for anodizing to a brighter, more uniform, and more reflec- 
tive finish than the usual alloys. Alloy 4543 was designed for archi- 
tectural extrusion requiring a gray finish." 

R. H. 55 in Building Aluminum Pressure Vessels. Modern 


=æ Haines, 
Metals, v. 17, No. 11, Dec. 1961, pp. 44, 46. 

1 Materials in Design Engineering. Lightweight Ordnance Equipment. V. 54, No. 1, 
July 1961, pp. 100-106. 

American Metal Market, v. 69, No. 19, Jan. 16, 1962, p. 10. 

3 Iron Age. rel A Shape Solar Mirror. V. 188, No. 18, Nov. 2, 1961, p. 79. 

a. Merian Me Market. trusion Product Progress. "V. 68, No. 191, Oct. 4, 1901, 
p. 11. 
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New applications for aluminum pipe included its use in under- 
ground pipeline systems for connecting gas mains to home lines. The 
aluminum pipe was fabricated in continuous coils 300 feet or more in 
length, thus eliminating the need for intermediate joints. The exterior 
was protected against corrosion by vinyl-butyl rubber laminate, cov- 
ered with inexpensive insulation.“ 

Aluminum plate made from 5083 high-strength alloy was employed 
in building a 35-foot liquid hydrogen storage tank. The tank held 
90,000 vallons of high-energy propellant at a temperature of 423? F. 

Aluminum was utilized in the new Yankee Atomic Electric Co. 
485,000-kilowatt reactor for specially constructed water-storage tanks 
where water purity was of primary importance. Aluminum metal 
geg was utilized in cable and bus bar equipment throughout the 

ant.?* 

The U.S. Navy authorized the consumption of 40 million pounds 
of aluminum metal for various uses in new vessels planned for con- 
struction during 1961. Almost 75 percent of this amount was to be 
used in constructing guided missile cruisers, destroyers, and frigates; 
20 percent in attack aircraft carriers; and the remainder in escort 
vessels, amphibious docks, assault ships, and minesweepers.?” 

U.S.S. Enterprise, the first U.S. nuclear-powered aircraft carrier 
and the world’s largest ship, utilized some 3 million pounds of alumi- 
num, largely in the gaint elevators that raise the aircraft to the car- 
rier deck. Each elevator has room for 2,000 people. 

Use of aluminum metal in the Nations space program include its 
first spaceship, Ranger I, which was designed to land instruments 
on the moon.“ Metal sheet, tubing, and castings formed structural 
components. A 50-inch-diameter aluminum antenna was to receive 
and transmit messages to the earth. Solar panels mounted on an 
aluminum alloy honeycomb structure will convert solar energy into 
electricity. Aluminum is especially qualified for spacecraft particu- 
larly in missions over extended periods because of its low evaporation 
rate at the vacuum condition of outer space. 

The Titan missile carried 16,000 pounds of aluminum aloft in the 
form of aluminum fuel tanks. The Bomarc missile utilized aluminum 
alloys for ramjet fuel tanks.” 

An 8-pound aluminum sphere was a memory drum for airborne 
computers. The sphere operates under extremely adverse conditions 
and allows a computer to operate reliably aloft for years. It can 
hold 358,000 bits of information, about 6 times the capability of a 
comparable commercial drum.” 

The skin plate of the upper stage of the Saturn S-IV haue hydro- 
gen rocket was to be made of aluminum alloy 2014. Bulkheads were 
to be of aluminum sheet and plate. Forgings and extrusions of the 
same metal were incorporated into the rocket’s structural framework. 


jo DIOE Jaenak: Optimism in the U.S. Aluminum Industry. V. 257, No. 6579, Sept. 
961, p. " 
bs American Metal Market, v. 68. No. 222. Nov. 20, 1961, p. 22. 

* Chemical Engineering, v. 68, No. 3. Feb. 6, 1961, p. 4R. 

2 American Metal Market. Aluminum Dominant in Craft Designed for Look at Moon. 
V. 68, No. 157, Aug. 16, 1961, p. 16. 

2% Nelson, R. H. Materinia and Fabrication Methods for the Bomare. Metal Prog., v. 
79, No. 3, March 1961, pp. 107, 113, 142, 144, 146, 148. 

2 Technical Survey. Airborne Computers. V. 17, No. 7, Feb. 18, 1961, p. 111. 
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Aluminum also was found useful as construction material for a 
large aircore aluminum electromagnet to be built by the National 
Aeronautics and Space Administration for experiments in plasma 
5 and acceleration. The magnets were to be cryogenically 
cooled by neon at a temperature of — 410° F. * 


STOCKS 


The amount of aluminum metal in the national (strategic) stock- 
pile as of December 31, 1961, was announced as 1,127,000 short tons. 
An additional 802,000 short tons was in the DPA inventory. Thus, 
a total of 1,929,000 tons was available for governmental use—729,000 
tons or 61 percent in excess of the estimated maximum objective re- 
quired to meet the essential needs in a limited war or a general war 
of 3-year duration. 

Inventories of aluminum ingot at the primary reduction plants 
varied from 259,500 short tons at the beginning of 1961 to 207,100 
tons on December 31. The highest quantity of metal in stock during 
the year was a record 291,400 tons at the end of J ius Stocks 
slowly decreased during the year, with minor increases taking place 
during July, August, and October. Based on December's production 
rate, 1961 closing stocks were equivalent to 38 days! output. In addi- 
tion to the primary aluminum stocks reported, reduction plants also 
had inventories of ingot and aluminum in process. 

Secondary alloy inventories varied from a high of 24,500 tons to 
a low of 21,300 tons during the year. At the beginning of the year, 
inventory was 23,300 tons, and at yearend inventory amounted to 
22,400 tons. Extensive accumulation during June resulted in an 
increase of 2,800 tons over the previous month-end inventory and 
was the second highest for the year. Inventories reached their low 
in November. 

Aluminum-base 98 inventories closed out the year at 34, 500 tons, 
10,400 tons above stocks at the beginning of the year. Three times 
during the year, in April, July, and December, stocks tended to be 
held high. The buildup in inventories took place during the first 
4 months. Consumers’ yearend inventories of scrap represented a 
29-day supply, based on the December consumption rate. 


PRICES 


The base price of primary aluminum was 26 cents per pound 
throughout the first 8 months of 1961. On September 25 the base 
price dropped 2 cents to 24 cents per ee A decrease in the price 
of aluminum to U.S. customers was first announced by Aluminium, 
Ltd., in Canada. The U.S. producers then announced a reduction to 
meet the new price. 

There were three sa dea in the price of superpure aluminum 
during 1961. Effective March 6, 1961, the price was 45.50 to 47.50 
cents per pound. According to the American Metal Market, the 


33 Steel. Supercool Aluminum Magnet Lowers Power Consumption. V. 149, No. 24, 
Dec. 11, 1961, pp. 110-111. 
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closing market prices for September 28 and December 14 were 43.50 
to 45.50 and 43.50 cents per pound, respectively. 

There were few price changes during 1961 in the secondary alu- 
minum industry. According to American Metal Market, aluminum- 
base scrap was in plentiful supply despite exports which totaled about 
82,000 tons. Smelter’s buying prices for scrap aluminum changed in- 
frequently, and the changes did not exceed 1 cent per pound. Finished 
alloy prices, however, changed more frequently. It was stated that 
competition rather than a retarded market resulted in price drops 
which ranged from 14 cent to 214 cents per pound. These reductions 
affected the most popular casting and deoxidizin grades at various 
times during the year. Closing market prices i December 29, 1961, 
according to the American Metal Market were alloy 195, 23.75 to 24.25 
cents per pound; No. 12, 20.75 to 21.25 cents per pound; and No. 380 
(1 percent Zn), 21.00 to 22.00 cents per pound. Compared with prices 
quoted on December 30, 1960, these prices decreased 2 to 2½ cents per 
pound. Scrap prices at yearend were 28, 38, 518, and 52S clips, 15.00 
to 15.50 cents per pound; 75S clips, 11.00 to 11.50 cents per pound; 
and aluminum borings and turnings, 12.50 to 13.50 cents per pound. 
All these prices were 1% cent less than at the end of 1960. 


FOREIGN TRADE 


Imports.—Total imports of crude and semicrude aluminum amounted 
to 15.50 cents per pound; 75S clips, 11.00 to 11.50 cents per pound; 
quantity exceeded total exports by 16,000 tons and contrasted with 
1960, when a net export balance of 188,000 tons existed. Value of 
imports of crude, semicrude, and manufactured aluminum products 
amounted to $148 million, up 17 percent over the 1960 value and $24 
million greater than the value of comparable exported products. 

Canada supplied 53 percent of the aluminum imports, with France 
and Norway supplying 18 and 15 percent, respectively, 

Exports.—Exports of crude and semicrude aluminum dropped 
146,000 tons or 38 percent compared with 1960. Exports of See 
tured products increased 37 percent. However, total value of crude, 
semicrude, and manufactured aluminum exports was $125 million, 
a, decrease of approximately $60 million from 1960. | 

Principal export destinations for crude and semicrude metal were 
West Germany, United Kingdom, Japan, and Italy, which received 
22, 17, 16, and 7 percent of the exports, respectively. 

Tariff.—The duty on aluminum in crude form, not including scrap, 
was 1.25 cents-per-pound. Aluminum and aluminum alloys 1n bars, 
blanks, circles, coils, discs, plates, rectangle, rods, sheets, squares, and 
strips were subject to a duty of 2.50 cents-per-pound. Suspension 
of the 1.50 cents-per-pound duty on scrap was extended through 
June 30,1962. "There was no quota for aluminum scrap. 


33 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com- 
merce, Bureau of the Census. 
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TABLE 10.—U.8. imports for consumption of aluminum, by olasses 


1960 1961 
Class 7 
Short tons Value Short tons Value 
(thousands) (thousands) 
Crude and semicrude: 
Metal and alloys, erude essc... 154, 706 $75, 808 199, 223 $01,187 
Circles and disks 4. 509 3,139 4, 687 8, 267 
Plates, sheets, ete., n. e. 3 -2222-20222-2222 26. 131 19, 052 35, 804 24, 842 
Rods and bara 6, 037 3, 681 8, 819 4, 953 
BOrüD A R F 5, 042 1, 698 6, 002 1, 738 
o ⁰⁵ĩ1ð¹¾i¾X, 196, 425 103, 278 254, 535 125, 987 
o ub — 
Manufactures: 
Foil less than 0.006 inch thick.....................- 4, 830 6, 118 4, 952 6, 283 
Folding rules 8 (3) 3 1 
Leaf (554 by 514 inches) ))) (3 14 3 19 
Powder and powdered foil (aluminum bronze) 66 62 90 100 
Table, kitchen, hospital utensils, eto. 3,128 4,753 3,191 5, 837 
Other manuſactures LL e (4) 12, 014 (9) 10, 048 
MM ³o¹ tecsccece 5 (4) 22, 961 (4) 22, 288 
Gad (4) 126, 239 (4) 148, 275 


1 Number: 1960, 1,584; 1961, 3,566; equivalent weight not recorded. 
3 Less than $1 1,000. 

! Leaves: 1960, 3,702,448; 1961, 5,243,066. 

4 Quantity not recorded. 


Source: Bureau of the Census. 


TABLE 11.—U.8. imports for consumption of aluminum, by classes and countries 
(Short tons) 


Country 


North America: 
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Grand total: 
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1 Includes plates, sheets, etc.; bars and rods; and circules and disks. 


Source: Bureau of the Census. 
659873—62 17 
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TABLE 12.—U.8. exports of aluminum, by classes 


1960 1961 
Class !?!?! 
Short tons Value Short tons Value 
(thousands) (thousands) 
Crude and semicrude: 
Ingots, slabs, and erud 284, 979 $128, 199 128, 861 $57, 638 
BOTA EE 79, 513 26, 905 82,005 26, 452 
Plates, sheets, bars, ete. e 18, 098 16, 266 25, 241 23, 975 
Castings and for gings 1,190 2, 849 1, 203 3, 560 
Semifabricated forms, n.e€.c.....-..-.-.----.-------- 149 195 821 966 
JE WEEN 383, 929 174, 414 238, 131 112, 591 
Manufactures: 

Foil and lest... 1, 318 1, 787 1, 697 2,130 

Powders and pastes (aluminum and aluminum 
bronze) (aluminum content)..................... 338 424 298 422 
Cooking, kitchen, and hospital utenaila 1, 030 2, 573 800 2,133 
Bash sections, frames (door and window)........... 1,376 2,175 1, 592 2,524 
Venetian blinds and parts l.l... 1, 504 1, 852 ], 230 1,437 
Wire and cable —n—ꝛ̃- Z 2. 641 1. 895 5, 602 3, 317 
Total oo oe !!!!!! i A 8, 207 10, 706 11,219 11, 963 
Grand total!!l!]!!]]ſ! !]ſ]i]!]!]]!]!]]!]!]!!]!!]!]!!]!!]!!]!· 392, 136 185, 120 249, 350 124, 554 


Source: Bureau of the Census. 


WORLD REVIEW 


The year 1961 marked the 75th anniversary of the development of 
the modern aluminum industry. The basic cell had been almost simul- 
taneously discovered by Hall in America and Héroult in France in 
1886. A résumé of developments in North and South America was 
presented at the International Light Metals Congress, Leoben, Aus- 
tria, June 22, 1961.“ 

World production of aluminum was estimated at 5.2 million short 
tons—210,000 tons or 4 percent above 1960—and was 86 percent 
of rated capacity. Additional capacity, added either by new installa- 
tions or by more efficient operation of older plants, was noted in the 
United States, France, Norway, India, Japan, and Taiwan. 

The potential for increased use of aluminum throughout the world 
was illustrated by the fact that 23 pounds of aluminum metal per 

erson was used in the United States compared with 15 in Great 
ritain, less than 10 in most European countries, 8 in Australia, and 
less than 4 m Japan. 


Light Metals (London). The Aluminium Industry in North and South America. V. 24, 
No. 279, August 1961, pp. 207-209. 
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TABLE 13.—U.8. exports of aluminum, by classes and countries 


(Short tons) 
1960 
Destination Ingots, | Plates, Ingots, 
slabs, sheets, Scrap slabs, 
and bars, and 
crude etc.! crude 
North America: 
Candace susc ß ee cq 681 5,230 893 703 
.. A eeu. 100 25L AE AI 8 
MECO Luco ro 5, 231 159 16 4, 855 
Ohe. ee 176 655 61 109 
Ü ˙· ¹»Üꝛ¹¹¹ʃ 6. 188 6. 295 970 5. 757 
South America: 
a EE 6, 228 68 314 11, 470 
,, 943 115 [2525522 2, 285 
Sens 8 2,919 840 |.......... 8, 274 
Venezuela aaa 668 729 (3) 879 
Of IA ⅛ AAA 8 343 21 579 
T OtAl cose ] A dees. 11, 101 1, 379 314 18, 487 
Helgiam-Luxembourg F 6. 147 153 523 3, 210 
Ds A A IN 10. 522 400 8 1. 602 
Germany, West 75. 650 368 28.7 16. 310 
/ . ⁵³Ä? oS 6. 512 156 22, 758 3, 875 
Netherlands 8. 239 141 334 ; 
Switzerland LLL Ll... 8. 620 63 91 2.917 
United Kingdom..................... 118, 109 233 9, 073 25, 207 
E O sees lao. 11, 172 1,071 399 11, 258 
Toti —wBB— 244. 971 8, 590 61. 914 72, 468 
Asia: 
Ee AAA 915 954 1 937 
ie ß 719 84 2. 954 
Ja pån EE 8, 774 216 16, 152 13, 243 
A AA 3, 185 S , 458 
Mr 8 2. 029 289 14 , 838 
l.... A 15, 622 1, 728 16, 222 25, 430 
A/ A ĩ 707 498 84 1, 032 
JJ) 8 6. 390 947 9 5, 687 
Grand total: 
Short tons 284. 19, 437 79,513 | 128,861 : 
Value, thousands. .............. $128,199 | $19,310 | $26,905 | $57,638 | $28,501 


t Includes plates, sheets, bars, extrusions, castings, forgings, and unclassified **semifabricated forms,” 
3 Less than 1 ton. 


Bource: Bureau of the Census. 


World demand for superpure aluminum (99.99 percent) had stead- 
ily increased until capacity of the 10 producing countries reached an 
estimated 30,200 short tons.“ 

Tables 15 and 16 show world capacity for production of aluminum 
and superpure metal. These were prepared by the Federal Bureau 
of Mines from various official and semiofficial sources. 


5 Revue de l'Aluminium. La Production d'Aluminium Raffiné dans le Monde. V. 88, 


No. 287, May 1961, pp. 599—602. 
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TABLE 14.—World production of aluminum by countries’ 


(Short tons) 
Country? 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 
GSansdsss . 556, 715 634, 102 593, 630 762. 012 663, 173 
United States 1, 647, 709 | 1, 565, 557 | 1,954, 112 | 2,014, 498 | 1,903, 711 
OtAl BEE 2, 204, 424 | 2, 199,659 | 2, 547. 742 | 2,776. 510 | 2, 566. 884 
South America: Brazil. 9, 794 13, 102 19, 950 20, 034 3 20. 000 
Europe: 
All! A 62, 125 62. 716 72, 271 74, 924 74, 578 
Czechoslovakia........-.-..--..- 18, 400 29, 100 28, 700 3 44, 000 8 55, 000 
Funes 176, 200 186, 107 190, 712 259, 263 307, 765 
Germany 
Enst 2.2: nr ce pda seed 3 38, 100 3 37, 500 3 38, 600 3 44, 000 3 60. 600 
CC ore seen chk cele 169, 576 150, 759 166, 631 186, 221 190, 212 
ee 27. 650 43. 560 50. 400 54. 564 56. 328 
/o’... cee ees 72, 981 70, 603 82, 658 92. 206 91, 881 
INOFWAY EE 105, 430 133, 777 160, 881 181, 662 189, 487 
Poland EE 22, 443 24, 738 25, 143 28, 640 52, 488 
AA lu 88 16, 721 17, 769 24. 959 20. 429 31, 085 
Sweden (includes alloys)......... 14. 958 15, 113 17,086 18, 409 18. 436 
S8witzerland...................... j 34, 723 37, 886 43. 795 46, 297 
URBS BRE. 2er esouoE 550. 000 605. 000 690, 000 745. 000 990, 000 
United Kingdom................ 32, 933 29, 517 21, 462 32, 390 36, 169 
Yugoslavia. ..................... 19, 989 23, 899 21, 214 27, 635 30. 211 
Total dono . 1, 360, 000 | 1, 465.000 | 1,635,000 | 1,860,000 | 2, 230, 000 
la: 
Eser EE 2. 000 30, 000 77. 600 88. 100 110. 000 
Wide dfs‚‚ cese ERE 8, 718 9, 167 19, 131 20, 123 20, 263 
Japan EE 74, 934 93, 231 110, 385 146, 564 169, 424 
TAIWAN AA eo rk WEEEDC 9, 104 9, 455 8, 251 9, 106 i 
Pohl, aia 114, 800 141, 900 215, 400 264, 200 309. 600 
Africa: Cameroun 8, 300 35, 121 46, 644 48, 436 52, 446 
Oceania: Australia.................. 11, 899 12, 173 12, 734 13, 054 14, 789 
World total (estimate) 1 3, 070, 000 | 3, 710, 000 | 3, 865, 000 | 4, 480, 000 | 4, 985, 000 | 5, 195, 000 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are Included in the detail. 
: B An to countries listed, North Korea produced a negligible quantity of aluminum. 
stimate. 
4 Average annual production 1953-56. 
Average annual production 1954-56. 
t s superpurity: 1952-56 (average), 217 tons; 1957, 650; 1958, 514; 1959, 1,122; 1960, 2,187; and 1961 


1,293. 
" A verage annual production 1955-56. 
Compiled by Pearl J. Thompson, Division of Foreign Activities. 
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TABLE 15.—Producers of aluminum 
(Short tons) 


FREE WORLD 


Country, company, and plant location 


North America: 
Canada: 
Aluminum company of Canada, Ltd 
Ar vida (Quebec). )) 
Shawinigan Falls (Quebec) se 
Isle Maligne (Quebec) 
Kitimat (British Columbia)............. 
Chryslum, Ltd.: Beauharnois (Quebec) 


Canadian British Aluminium Co. Ltd.: 
Baie Comeau (Quebec) 


South America: 
Brazil: 


Aluminio Minas Gerais, S. A...... 
Ouro Preto (Minas Gerais) 
Companhia Brasileira do Aluminio: Sao 


Europe: 
Austria: 
Salzburger Aluminium G.m.b.H.: Lend..... 
Vereini Aluminium Werke A. G.: 
Ranshofen. 


France: 
Péchiney, Compagnie de Produits Chimi- 
que et Electrometallurgiques. 
Chedde (Haute-Savoie) 
La Praz (Savole)........................ 
La Saussaz (Savoie)...................-. 
Bt. Jean de Maurienne (8avole)......... 
L'Argentiere (Hautes-Alpes)...........- 
Riouperoux (Isére).....................- 
Auzat (Ariè ge) llle lecce e le. 
Sabart (Ariège) 
Noguéres (Hautes-Pyrennés)............ 
Soc. d'Electro-Chimie, d’Electro-Métal- 
lurgie et des Acieries Electriques d' Ugine. 
Venthon (Savoie)........................ 
Lannemezan (Hautes-Pyrennés) 


Germany, West: 
Aluminium G.m.b.H.: Rhelnfelden (Baden) 
Vereinigte Aluminium Werke A. Q.......... 
Erſtwerk, Grevenbroich 
Innwerk, Toging.......................- 
Lippewerke, Lunen..................... 


Italy: 
Montecatini, Soc. Generale per l'Industria 
Mineraria e Chimica. 


Soc. Alluminio Veneto per Azjoni (SAVA): 
Porto Marghera. 
Soc. dell’Alluminio Italiano (SAI): Borgo- 


franco, d’Ivrea. 


See footnotes at end of table. 


Annual 
capacity, 
1961 


Participants 


Subsidiary of Aluminium, Ltd. (Cana- 
dian). 


Aluminum Company of Canada, Ltd. 
and Chrysler Corp. of Canada 


subs diary of British Aluminium Co. 


Subsidiary of Aluminium, Ltd. (Cana- 
dian), a 


cent, and other B 


Industrias Votorantim, 8. A., 80 per- 
razilian interests, 
20 percent. 


Subsidiary of Aluminium-Industrie, 
A. G. (AIAG), Swiss. 


Government-owned. 


Privately owned (French). 


Subsidiary of Swiss AIAG. 
Government owned. 


Privately owned (Italian). 


Subsidiary of Swiss AIAG. 
Subsidiary of Aluminium, Ltd (Cana- 


Euro 
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TABLE 15.—Producers of aluminum—Continued 


(Short tons) 
FREE WORLD 


Country, company, and plant location 


Continued 


orwa ICH 
"TG og Sunndal Verk 


Total 
Spain: 


Empresa Nacional del Aluminio, 8. A 


Alumin 


ine AG Hanna Tente 


io Español, S. A.: Sabinanigo 


(Huesca). 
Aluminio de Galicia, La Coruna............. 


Total 


Sweden: 
A/B Sv 
Ma 


enska Aluminiumkompantet 
PV A 


Switzerland: 
Aluminium Industrie A.G. (ATA G): Chippis 


Usine 


d'Aluminium de Martigny, 8.A.: 


United Kingdom: 


British 


Aluminium Co., Ltd................|...... 


Yugoslavia: 


Btate concerns 


Ill een D eer a DM ERA 


8: 
India: 


Alumin 
Indian 


lum Corp. of India, Ltd.: Asansol... 


Aluminium Co., Ltd.................]..-.-. 3 


Bee footnotes at end of table. 


a e eeeér eege ege e er le eeee e 


Participants 


Government-owned. 


Aluminium, Ltd. (Canadian), 50 
cent, and British Aluminium Co., 
50 percent. 


Aluminium, Ltd. (Canadian), 50 per- 
cent, and privately owned (Nor- 
SE 50 percent, 

Swiss AIAG, 3314 percent, and A/S 
Elektrochemisk (Norwegian), 662% 
percent, 


Spanish companies with majority 
government participation. 


Péchiney (French), 83 percent, and 
Kaiser Aluminum & Chemical Corp. 
(American), 15 percent. 

Péchiney (French) and Kaiser (A merl- 
can), 30 perrent, and Spanish in- 
terests, 70 percent. 


Privately owned (Swedish), 5 percent, 
and Aluminium, Ltd. (Canadian), 
50 percent. 


Privately owned (Swiss). 
Do. 


Tube Investments, Ltd. (British), 47 
percent; Reynolds Metals Co, 
(American), 45 percent; Reynolds 
Tube Investments, Ltd., 4 percent; 
and miscellaneous shareholders 4 
percent, 


Government-owned. 


Privately owned (Indian). 
Aluminium, Ltd. (Canadian), 6% per- 
cent, and Indian owned, 35 percent. 


Birla interests (Indian), 73 percent 
and Kaiser Aluminum & Chemical 
Corp. (American), 27 percent. 
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TABLE 15.—Producers of aluminum— Continued 


(8hort tons) 
FREE WORLD 


Annual 
Country, company, and plant location one: Participants 
Asia—Continued 
Japan: 
Showa Denko K.K. (Showa Electro-Chemi- 
cal Industry Co., Ltd.) 74 Privately owned (Japanese). 
A EE 37, 500 
e . 13, 300 
Nippon Keikinzoku K. K. (Japan Light 
Metals QU.) e ⅛˙”'⁰p; .. A eo e e ESAE Aluminium, Ltd. (Canadian), 50 per- 
A AA 8 62, 600 cent, and privately owned (Japa- 
O A A Was aeu eee ei 34, 200 nese), 50 percent. 
Sumitomo Kagaku K.K. (Sumitomo Chemi- 
CAV Co. Ltd y | een oer ERA Privately owned (Japanese). 
A 8 34. 200 
EI A EU AduPE EC P ONPNAMESS 15, 800 
Total A See, 197. 600 
Taiwan: Taiwan Aluminium Corp.: Takao..... 15, 400 | Government-owned. 
TOA Ee 271, 600 
Africa: Cameroun: Cle. Camerounaise de 1’ Alumi- 49,500 | Péchiney-Ugine (French), Caisse Cen- 
nium Péchiney-Ugine (ALUCAM): Edea. trale de la France d'Outremer 
(French), and Cameroun Govern- 
ment. 
Oceania: Australia: Comalco Industries, Pty., Ltd.: 14,500 | Tasmanian government, M: Consoli- 
Bell Bay, Tasmanla. dated Zinc Corp. Ltd. (Australian), 
Total free world...... ria aaa 4, 811, 050 
SOVIET BLOC 3 
U.8.8.R.: Soviet Aluminium Trust..................|. e Government-owned. 
Kamensk-Uralsk iy 132. 000 
Kandalnk aha 27. 500 
Krasnotourinsk Bogoslovsk. ................ 137, 500 
SANTE ARA E 132, 000 
nn K 49. 500 
Yerevan (Erlov and 27. 500 
Zaporozhye (Dneprovskly).................- 110, 000 
Zn EE 77. 000 
ER E EE 22. 000 
Seal 220. 500 
h! o». sen 935. 500 
„„ Ziar Aluminlum Works: Svaty 55, 000 Do. 
riz. 
Germany: East: Elektrochemisches Kombinat: 38, 500 Do. 
Bitterfeld. 
Hungary: Magyarsoviet Bauxit Ipar Do. 
Felsogzalla-TOt iss 16. 500 
IIK Se 16. 500 
A ) 33. 000 
ü]. ³³A K 8 66. 000 
Poland: Skawina Aluminium Works. ............... 50, 000 Do. 
China: Nationalized plants 22 77, 600 Do. 
North o. ð . v (3) 
Total, Soviet bloc. 1, 222, 600 
Total, world: 6, 033, 650 


1 For breakdown of companies and plants, see table 4 of this chapter. 
2 In a number of instances it was impossible to confirm the data on plants of the Soviet bloc. 
! Data nut available. 
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TABLE 16.—World capacity of superpure aluminum 


(Short tons) 
Country and company Location 


North America: 
Canada: Aluminum Company of Canada, Ltd.............. Arvida, Quebec 
United 8tates: 

Consolidated Aluminum Corp Jackson, Tenn 
Kaiser Aluminum & Chemical Corp..................... Mead. Wash 

Reynolds Metals Co... ũ e lll ll l.l ler. 
Aluminum Company of America........................ 


Europe: 
Wano: Péchiney, Cle. de Produits Chimiques et Electro- 
métallurgiques. 


Germany: 
Aluminium G. m. b. H. ʃ ʃ ]ä⁵ ẽã⸗]]]t]7]!!!!!..!.«é4«ꝛ“ Rheinfelden 
Vereinigte Aluminium Werke, A. G.. Erftwerk 


Italy: Soc. Alluminio Veneto per Azlonl..................... 
Norway: A/S Vigeland Brugg 
Switzerland: Aluminium Industrie, A.Q...................- 
United Kingdom: British Aluminium Co., Ltd F 
U.8...R.: Soviet Aluminum Trust 
Asia: Japan: 
Nippon Kelkinzoku RE eese... 
Sumitomo Kagaku KK ert 


pen em pe go e EE gr —A—EUñäj— ep P e en em e ep ef er op —B—— 2 2—E— 2 e e ep ep w —2 ep op Le e ep e gp em e ep gr e em ep e ep —— 2 — 2 — 


NORTH AMERICA 


Canada.—Aluminum Company of Canada, Ltd. (Alcan), operated 
at 73 percent of capacity compared with 85 percent in 1960. A rock- 
slide within the Kemano water tunnel caused the closing of the 
Kitimat smelter from June to September. Normal production at 
the plant was not reached again until November. 

Canadian British Aluminium Co., Ltd., announced that construc- 
tion of an additional 45,000-ton potline at the Baie Comeau smelter 
was to start 1n 1963, in order to bring the additional capacity into 
operation by July 1965. The Aluminium, Ltd., contract for the ex- 
change of alumina with Canadian British Aluminium Co., Ltd., 
expired by cancellation on December 31. 

exico.—Construction of an aluminum plant by Reynolds Alumino, 
S.A., was begun in June 1961 and was scheduled for completion in 
1962. The plant was to have a capacity of 22,000 short tons. 


SOUTH AMERICA 


Argentina.—The Argentine Government authorized Kaiser to build 
a 22,000-ton aluminum plant at Puerto Madryn in Patagonia.** 
Fabrica Argentina de Alumina, S.A., was formed by Kaiser to operate 
the plant. Alumina was to be imported for the plant which was 
scheduled for completion within 2½ years. Natural gas was to be 
used as fuel. Alcoa and Reynolds also were interested in establishing 
aluminum plants in Argentina. 


17 8 Bulletin (London). Kaiser Aluminum in Patagonia. No. 4651, Dec. 1, 1961, 
p. 17. 
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Industrias Siderugicas Grassi, S.A., announced plans to build alu- 
mina and aluminum plants in southern Mendoza Province. The 
aluminum plant was to have a capacity of 11,000 short tons a year. 


EUROPE 


Consumption of aluminum in the countries of the Organisation for 
European Economic Cooperation increased 16 percent in 1960 over 
1959. Of the four principal consumers, West Germany showed an 
increase of 28 percent; Italy, 25 percent; the United Kingdom, 14 

ercent; and France, 11 percent. Virtually the same use pattern was 

ollowed in 1960, with transportation accounting for 28 percent of the 
aluminum consumed; electrical engineering, 13 percent; packaging, 
machinery and equipment, building and construction, each 10 percent; 
and home and office appliances, 8 percent. 


TABLE 17.—Aluminum consumption, by end use, 1960? 
(Short tons) 


West France Italy United |Allother?| Total 
Kingdom 


Germany 

Transportation 108. 026 74, 201 62,832 | 122,769 16, 336 384, 164 
Machinery and equipment §2, 029 22, 073 10, 472 29, 379 18, 722 132, 675 
Electrical engineering 64, 926 34, 169 11,574 38, 883 25, 376 174, 928 
Building and construction 26, 896 16, 861 15, 432 34, 751 40, 582 134, 522 
SEH eege 43, 541 24, 026 14, 881 A ; 134, 760 
Home and office appliances 17,417 22, 967 12, 126 40, 792 19, 713 113, 015 
Moine -.--2->.->..- 97, 46, 441 23, 259 i 22, 611 278, 010 

rr. AAA 409,949 | 240,738 | 150,576 | 387,385 | 163,426 | 1,352,074 


1 Organisation for European Economic Cooperation and Development. Non-Ferrous Metal Statistics. 
November 1961, pp. 138-139. 

2 Includes Netherlands, Austria, Norway, Belgium, and Switzerland. 

8 Includes chemical, food, and agricultural appliances; powder; iron, steel, and other metal-producing 
jndustries; metal industries not elsewhere specifled; and miscellaneous. 


Hungary.—Three articles ne development of the aluminum 
industry in Hungary were published." Information was presented 
pertaining to the alumina-production facilities, electrolytic aluminum 
reduction plants, and aluminum-fabrication facilities. 

Italy.— Aluminum production was less than 1 percent below that of 
1960, but imports of primary aluminum declined 27 percent from 
32,777 short tons to 23,948 tons and exports declined 98 percent from 
1,002 to 19 tons. Imports included 8,250 tons from Canada, 5,408 
tons from Norway, 4,266 tons from the United States, 2,491 tons from 
France, and 2,809 tons from Austria. 

Montecatini, Soc. Generale per l'Industria Mineraria e Chimica, 
considered building a 110,000-short-ton aluminum plant in Sardinia 
at a cost of US $60 million. Kaiser also was interested in building a 


m Metal Bulletin (London). Aluminium in Hungary: 1. The Alumina Industry. No. 
4603, June 13, 1961, pp. 1, lv; 2. Hungarian Smelters. No. 4609, July 4, 1961, pp. 1, iv; 
and 3. The Semir meant o. 4613, July 18, 1961, pp. 1, iv. 

ie rrr Metas Mor et. Italy Maps Major Aluminum Expansion. V. 68, No. 231, 
Dec. H 9 D H D 

Metal Bulletin (London). Italian Aluminium Smelters. No. 4650, Nov. 28, 1961, p. 21. 
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plant in Sardinia, Reynolds and the State-controlled Finmeccanica 
prop were negotiating for the construction of an aluminum plant in 
rieste. 

Norway.—A/S Aardal og Sunndal Verk produced a record 125,700 
short tons of aluminum in 1961 in spite of a power shortage at one 
of its plants. Expansion of the Aardal plant from 69,600 tons to 
110,000 tons was nearly complete at paren Thirty-six of the 168 
new furnaces were operating, and the remaining furnaces were to 
begin as power became available. Capacity of the Sunndal plant was 
being increased by technical improvements rather than by expansion.” 

'The proposed aluminum plant to be built by Norsk Hydro Elektrisk 
on the island of Karmoy was to be completed in several stages, the 
first of which would have a capacity of 33,000 short tons a year and 
cost US$28 million. 

Expansion of the Mosjøen plant from 35,000 tons to 56,000 tons a 
year was scheduled for completion by mid-1963. 

Poland.—Péchiney signed a contract with Centrozap, the Polish 
State body, to assist in building an aluminum plant at Konin. The 
plant, with a capacity of 105,000 short tons a year, was to be built 
in two stages, with production beginning in 1965 and completion of 
the plant by 1968.“ Although capacity of the Skawina plant was 
od at 50,000 short tons, it was stated that it could produce as high 
as 05,000 tons a year. 

Sweden.—Svenska Aluminium Co. planned to double capacity of its 
Kubikenborg plant to 29,000 short tons a year by 1963. Aluminium 
Industrie, A.G., of Switzerland, agreed to make available to the com- 
pany plans of its latest electrolytic cells and to give technical advice.*! 


ASIA 


India.—The Planning Commission revised the original Third Plan 
aluminum-production target from 98,000 short tons to 159,000 tons.“ 
The original plan included doubling the annual capacity of the Indian 
Aluminium Co. Ltd., Alwaye plant to 11,200 short tons and the 
Hirakud plant to 22,400 tons; the trebling of the Aluminium Corp. 
of India, Ltd., capacity to 8,400 tons; completion of the Hindustan 
Aluminium Corp. Ltd., project at Pipri, near Rihand in Uttar 
Pradesh, 22,400 tons; installation of the Koyna plant in Maharashtra, 
22,400 tons; and installation of the Madras Aluminium Company plant 
near Mettur in Madras State, 11,200 tons. The revised plan provided 
for the installation of two new plants, one at Dandeli in Mysore State, 
33,600 tons annually, and the other at Madhya Pradesh, 28,000 tons. 

Preliminary work on the Madras plant was started in March 1961, 
with production scheduled to begin in 1963. Madras Aluminium Co., 
Ltd., which will operate the plant, was formed through the joint par- 
ticipation of the Indian Government, paver groups, and Montecatini. 

The Hirakud plant of Indian Aluminium Co., Ltd., completed 
increasing annual capacity from 11,200 tons to 22,400 tons in Novem- 


* American Metal Market. Norwegian State-Owned Works Had Record Output in 1961. 
Y. 69. No. 5, Jan. 8, 1962, p. 11. 
* Metal Bulletin (London). Péchiney in Poland. No. 4640, Oct. 24, 1961, p. 28. 
SE Bulletin (London). Swiss/Swedish Cooperation. No. 4649, Nov. 24, 1961, 


p. 23. 
Bureau of Mines. Mineral Trade Notes. V. 54, No. 4, April 1962, pp. 3-4. 
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ber 1961, but only 40 of the 80 cells installed were operating because 
of insufficient power. 

Japan.— Production of primary aluminum totaled 169,400 short tons, 
of which 1,293 tons was superpure aluminum, compared with 146,900 
and 2,188 tons respectively, in 1960. The Sumitomo Kagaku K.K. 

Sumitomo Chemical Co. Ltd.) plant at Nagoya began producing in 
tober 1961 at the rate of 600 tons monthly. 

Mitsubishi Chemical Industries, Ltd., began constructing an alumi- 
num plant with an annual capacity of 55,100 short tons at Naoyetsu, 
Niigata Prefecture, in northern Japan. The plant was to be built in 
two stages—the first to be completed by September 1962 and the other 
by September 1964. The company concluded contracts with Péchiney 
of France and Eletrokemisk A/S of Norway for technical assistance. 
Bauxite was to be imported from Western Mining Corp., Ltd. in 
Australia. The Japanese Government approved a joint venture of 
Mitsubishi Chemical Industries, Ltd., and Reynolds to establish an 
aluminum company, Mitsubishi Reynolds Aluminum Co. An alumi- 
hum plant with a monthly production of 2,750 to 3,300 tons of 
ae products was to be built in Saitama Prefecture by the end 
of 1963. 

Nissho Steel Manufacturing Co., Ltd., Yawata Iron and Steel Co., 
Ltd., Kinoshita Sansho Co., and Kaiser were seeking approval for 
the establishment of an aluminum plant at Tsurusaka, Kyushu. 
a was to supply technical assistance and 25 to 30 percent of the 
capital. 

An article listed the following problems facing the Japanese alumi- 
num industry: (1) Geographical disadvantage and price competition, 
(2) expansion programs, and (3) effect of new capacity upon the 
in 


ust ry.“ 
AFRICA 


Ghana.—Shortly before the end of 1961, the United States, after 
receiving guarantees that the investment would be 5 against 
future expropriation, agreed to guarantee loans to Ghana for building 
the Volta River Dam and an aluminum plant. The United Kingdom 
would provide $14 million, the United States, $34 million, and the 
International Bank for Reconstruction and Development, $28 million. 
Ghana would provide the remaining $84 million. 

The Government also signed an agreement with the Soviet Union 
to build a smaller dam at Bui.“ 


OCEANIA 


Australia.— Alcoa of Australia, Pty., Ltd., was created po (51 
E Western Mining Corp. (20 percent), Broken Hill South, 
td. (17 percent), and North Broken Hill, Ltd. (12 percent), to 
establish and operate a $100 million aluminum project. the program 
called for mining bauxite in the Darling Ranges, an alumina plant at 
Kwinana, Western Australia, and an aluminum plant of Geelong, 


Industrial Bank of Japan, Ltd. Problems of the Japanese Aluminum Industry. Sur- 
ver of Japanese Finance and Industry, v. 8, No. 6. November/December 1961, pp. 9-14. 

West African Review (London). Volta—Ghana's Power House. V. 32, No. 407, No- 
vember 1901, pp. 12-17. 
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Victoria. The company was scheduled to begin operations in mid- 
1963.*5 

Comalco Industries, Pty., Ltd., reported improved operating effi- 
ciencies which raised production of aluminum to over 14,000 short 
tons & year. Expansion underway would bring annual capacity by 
1963 to 35,800 short tons. Conversion of the Soderberg furnace to 
the prebaked anode type being installed may add a further 11,200 tons 
a year to the capacity. 

Developments planned by three major groups, Alcoa, British Alu- 
minum/Alcan, and Comalco, for the aluminum industry in Australia 
and New Zealand were summarized.** 


TECHNOLOGY 


Information relating to a new aluminum extraction and reduction 
process was released by Péchiney in Paris. The new process involves 
the carbothermic reduction of aluminum oxide ering a metal of 
normal purity, but with a much lower titanium content than that 
obtained by normal practice." The process consists of two stages: 
(1) Production of pure corundum in an electric furnace by carbo- 
thermic reduction of bauxite; and (2) further reduction of the co- 
rundum to aluminum metal in an electric furnace in the presence of 
carbon. The aluminum is separated from the metal carbide mixture, 
and the aluminum carbide remaining can be recycled for subsequent 
reduction. A pilot plant had been expected to be in full operation 
ue 1961 at an annual capacity of 3,000 to 5,000 tons, but by the 
end of the year no announcement had been made confirming operation 
of the plant. 

A review of patent literature related to various electrothermal 
processes for production of aluminum was published.“ The review 
covered aspects of the subhalide, carbide, and nitride processes and 
provided background information on chemical reaction, principles, 
raw materials, n i and methods of preparing the alu- 
minum compounds involved. Each of these processes was known to 
have been scheduled for investigation by various aluminum companies 
on pilot plant scale during 1961; however, only general details of the 
processes were issued during the year. 

Another investigation, utilizing the subhalide reaction for recover- 
ing aluminum from crude aluminum-silicon alloys, was reported by 
the Federal Bureau of Mines.“ Aluminum contained in the crude 
material was reacted at low pressure (6 mm) and high temperature 
(1,100° C) with vaporized aluminum trichloride, forming aluminum 
monochloride vapor, which reverts to aluminum and aluminum tri- 
chloride when cooled to 900° C or less. 


“Mining Journal (London). Another Aluminium Complex for Australia. V. 256, No. 
6566. June 23, 1961, pp. 113. 715. 

E Robert. Survey of Aluminium Industry. Min. & Chem. Eng. Rev., Mel- 
bourne, Australia, v. 54, No. 1, Oct. 16, 1961, pp. 52-61. 

* Journal of Metals, v. 13, No. 1, January 1961, p. 16. 

“ Herrmann, B. Die Elektrothermische Gewinnung von Aluminium im Lichte des Patent- 
schrifttuns [The Electrothermal Production of Aluminum in the Light of Patent Litera- 
rg CE v. 87, No. 3, March 1961, pp. 143-149; v. 37, No. 4, April 1961, pp. 

„ Yerkes, Leland A., and Oliver C. Fursman. Refining Crude Aluminum by the Sub- 
halide Reaction. BuMines Rept. of Inv. 5773, 1961, 19 pp. 
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Molten zinc condensed from zinc vapor was used to leach aluminum 
from an aluminum-silicon alloy made by carbothermic reduction of 
silicious aluminum ores. Extraction efficiency increased as the sys- 
tem pressure was reduced. Zinc vapor was proved to be a better 
extracting agent than molten zinc. 

Refining of aluminum using an organoaluminum electrolyte was 
described.! Mass spectroscopic investigations indicated that the alu- 
minum prepared by this method was the purest ever obtained. How- 
ever, the low conductivity of the electrolyte limited the rate at which 
the metal could be produced. 

A review of the properties of superpure aluminum prepared by 
zone-melting technique was published.*? 

Kaiser Aluminum & Chemical Corp. and British Aluminium Co. 
Ltd., announced the successful joint development of a modified type of 
aluminum reduction cell which utilized refractory hard metal com- 
pounds as electrodes.“ The development could lead to an improve- 
ment of up to 15 percent in cell operation, either by & decrease in the 
energy consumption per pound of metal or by an increase in metal out- 
put per pot. pical refractory hard metals considered for this appli- 
cation were the carbides and diborides of titanium and zirconium. 
Another technique that was reported which could result in increased 

roduction from the Hall cell was the use of an electrolyte containin 

ithium fluoride.** If both the refractory hard metals and improv 
electrolyte prove satisfactory the total increase in production capabil- 
ity per cell could be as high as 55 percent when operating at a high 
rate of production. 

A newly designed plant for production of an improved form of 
carbon pitch for use in prebaked anodes (used in producing aluminum) 
was constructed by Koppers Co., Inc., and began operating in Fon- 
tana, Calif., in 1961.5 In the plant, carbon pitch derived from coal 
tar is extruded into pencil shapes which are added to calcined petro- 
leum coke, made into a paste, and baked into an anode for electrolytic 
cell operation. 

A method permitting recovery of fluorine and aluminum compounds 
from aluminum plant residues through application of mineral benefi- 
ciation techniques was reported.** 

Research and technica dy ie in the various aspects of aluminum 
metallurgy in the United States and the United Kingdom during 
1961 were reviewed." Particular attention was given to production, 


9 Caldwell, H. S., Jr., and M. J. Spendlove. Using Molten Zinc to Extract Aluminum 
From Aluminum-Silicon Alloys. A Progress Report. BuMines Rept. of Inv. 6781, 1961, 


pp. 
n Boehm, A., H. Ginsberg, and W. Reuter. ae do Refining of Aluminum Using an 
Organoaluminum Electrolyte. Aluminium, v. 37, No. 5, May 1961, pp. 267-273. 

2 Chandron, Gedraes. ropriétés nouvelles de l'aluminium de trés haute Pureté, Revue 
de L'Alumintum, No. 288, June 1961, pp. 755-762. 

5 Metallurgia, v. 64, No. 380, December 1961, pp. 289-290. 

Iron Age. v. 188, No. 24, Dec. 14, 1961, 5 ; 

American Metal Market, v. 68, No. 233. Dec. 6, 1961, pp. 7, 10. 

5 American Metal Market. Aluminum Producers Studying Process To Lift Production 
65%. V. 68, No. 236, Dec. 11, IO pp, 1, 20. 

Modern Metals. Carbon Pitch in New Form Aids Aluminum Producers. V. 17, No. 9, 

October 1961, p. 76. 

59 McClain, R. S., G. V. Sullivan, and W. A. Stickney. Recovering Aluminum and 
Fluorine Compounds from Aluminum Plant Residues. BuMines Rept. of Inv. 5777, 1961, 


pp. 
* Elliott, E. Aluminum and Its Alloys in 1961. Part 1. Metallurgia v. 65, No. 888, 
February 1962, pp. 59-64, 73; Part 2, v. 65, No. 389, March 1962, pp. 112-123. 
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melting and casting, working, joining, alloy systems, properties, cor- 
rosion and protection, applications and standards. Nearly 300 refer- 
ences were included in the bibliography. 

As the technology of casting aluminum advanced, numerous articles 
were published describing diecasting, permanent mold, sand and plas- 
ter mold, and low-pressure casting techniques.“ 

Descriptions of types of gating and risering systems for permanent 
mold and die casting of aluminum were reviewed. 

Casting of superpure aluminum metal under vacuum produced a 
die-cast product that was successfully color anodized.© 

A systematic investigation to determine the optimum refining pro- 
cedures for producing hyper-eutectic aluminum-silicon casting alloys 
was carried out and the results published. Factors which would 
affect the production of castings with satisfactory microstructures and 
mechanical strength were given. 

Furnaces, alloys, and techniques employed in continuous castin 
of aluminum alloys were discussed.“? Basic aspects of the vertica 
fixed-mold, direct-chill casting process for the production of good 
quality, high-strength aluminum-alloy ingots up to 36 inches in diam- 
eter and rectangular slabs up to 40 by 10 inches were given. 

The fourth revision of a manual on aluminum fabrication was pub- 
lished. It presented data on mechanical, physical, and other 
properties of the metal; standard tolerances and other useful informa- 
tion on standard aluminum alloys and the mill products normally 
produced from these allowances also were included. 

Guides for selection of proper alloy, temper, and processing pro- 
cedures for producing aluminum bumpers, wheel covers, trim, and 
automotive body components were released.** Suggested processes 
and finish specifications for preparing aluminum alloys were given. 

The use of ultrasonics in casting and aging of aluminum alloys was 
reported by Russian researchers.“ Hot shrinkage cracking was re- 
duced by vibrating the mold in the 50- to 800-cycle-per-second range. 
An increase in hardness also was noted. Ultrasonic aging at room 
temperature resulted in reducing the aging period from 60 minutes to 
5 minutes, 


es Butler, W. R. and S. L. Fabnestock. Which Aluminum Casting Process. Modern 
Metals, v. 17, No. 5, June 1961, pp. 42. 44, 46. E-helman, R. H. Aluminum Casting 
Processes Vie for Automotive Jobs. Iron Age, v. 88, No. 23, Dec. 7. 1961. Foss, F. Wil- 
Ham. Aluminum Diecastings. Foundry, v. 89, No. 8, August 1961, pp. 56-59. oundry. 
Aluminum Castings. V. 89. No. 6, Mny 1961, pp. 124-129. Le Jeune, F. H. Low Pres- 
sure Casting Process Produces Integral Wheel-Brake Drum Assembly. Modern Metals, v. 
17. No. 5, June 1961. pp. 64-66. Miske, Jack C. Automatic Pouring of Aluminum Sand 
Casting. Foundry, v. $9, No. 1, January 1961, . 18-81. Modern Metals. How General 
Motors Casts Aluminum V-8 Engine Blocks. . 17, No. 10, November 1961, pp, 68, 70. 
Foundry. Gating. V. 89, No. 8, August 1961, pp. 38-41. Foundry. Rlxering. 
V. S9, No. 9, September 1961, pp. 71-73. Metal Industry. Gating Aluminum Die- 
E O ak Dec. SE e pp. e buste DEG 
Modern Metals, acuum Process Produces Super Purit e-Castings That Can Be 
Anodized. V. 17, No. 5, June 1961, pp. 58, 60, 62-63. d di 
? Ashton, S. J., J. Muir, and W. M. Doyle. Hyper-Eutectic Aluminum Silicon Casting 
Alloys. Metal Industry (London), v. 98, No. 7, Feb. 17, 1961, pp. 123-125; No. 8, Feb. 
24, 1961, pp. 143-146: No. 9, Mar. 3, 1961, Pp. 171-172. 
M 1 e E pene oF mana Alloys. 11 T. Metal Ines v. 7 
0. 9. Aug. 4, . pp. 82-85; Part II. . 99, No. 6, Aug. 11, 1961, ; 2- ; 
IT ad 11 5 . Aug. 18, 1961. pp 132-133. S Va iu 
uminum Association. Standards for Wrought Aluminum Mill Prdoucts. 
N Y. 4th rev., August 1961, 107 pp. s ouster -NEW XOTR: 
igor ro LR a TE A and Eini Bing Aluminum Auto Trim. Y, 80, No. 1 July 
. pp. 72. pps, Harry E. uminum in Automotive Parts. 
"t No R, ee loan, pp. 56. 58, 62, 64. : SOROR SEG 
e-men, Arthur B. ow the Russians Are Using Ultrasonics in Metallurgy. 
Prog., v. 19, No. 1, January 1901, pp. 79-83. M ilie 
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Factors affecting the formability of aluminum were discussed and 
advances in 5 bending and magnetic metal- forming proc- 
esses were explained.“ Developments in the forming of aluminum 
sheet into complex shapes by metal spinning, deep drawing, pressing, 
high-energy forming, and stretch forming were reviewed.“ 

Several varieties of aluminum sheet were developed. Sheets coated 
with vinyl, cardboard, stainless steel, and rubber, and pre-enameled 
sheets were prepared for a variety of applications.“ 

A technique was developed that permitted commercial production 
of foamed aluminum.* The new material floats on water and is 12 
times lighter than solid aluminum. The basic procedure for making 
the foamed aluminum consisted of adding a suitable foaming agent 
to a pool of molten metal, mixing thoroughly, and pouring into a mold 
to obtain the required shape. The industrial producers were licensed 
by the originators of the process, Bjorksten Research Laboratories, 
Inc., Madison, Wis. 

Sintered aluminum materials containing boron or rare earth oxides 
for use in atomic reactors were produced in various fabricated forms.'? 
Physical properties of the powder-metallurgy product equaled or ex- 
ceeded those of cast and wrought alloy of the same composition. 

The potential roles of aluminum and its alloys in rockets and satel- 
lites for space exploration were discussed." The strength-to-weight 
ratio at ordinary temperatures, no diminution of desirable properties 
at very low temperatures, and & combination of useful physical and 
chemical characteristics, together with reworkable versatility when 
fabricated, emphasized the advantages the metal has for these appli- 
cations. Pressure vessels for liquid propellants and rocket casings 
largely were made of aluminum alloys. 

ery fine aluminum powder provided propellant energy for various 
rocket systems, including the Polaris, ershing, Scout, and Mace.“ 
Addition of aluminum powder to the solid fuel mixes greatly in- 
creased the propellant’s thrust. Powder ranging from 5 to 8 microns 
in particle size was employed. 

nformation on safety precautions necessary during the production 
and storage of powders of aluminum and magnesium and their alloys 
was released.“ Advice was given on the layout and construction of 
buildings, the use of explosion reliefs, and preparation or handling 
of the dusts in an inert atmosphere. 


es Ridout, Robert A. Factors 30.5 the Formability of Aluminum. Modern Metals, 
v. 17, No. 11, December 1981, pp. 50. 52, 54-55, 57. 

* Eldridge. G. W. Developments in the Forming of Aluminum Sheet. Metallurgia, 
v. 63, No. 376, February 1961, pp. 71-77. 

American Metal Market, v. 68, No. 58, Mar. 27, 1961, pp. 1, 20; No. 76, Apr. 21, 
1961, pp. 1, 16; No. 92, May 15. 1961, p. 8: No. 174, Sept. 11, 1981, p. 10. Modern 
Metals, Stainless Clads Aluminum Via Molecular Bonding. V. 17, July 1961, p. 86. 

e YN Engineering Chemistry. Structural Foams. V. 53, No. 1, January 

. pp. : 

Metal Industry. Sintered Reactor Materials. V. 98, No. 3. January 1961, pp. 49-50. 
620 More Industry. Metals in Space Technology. V. 99, No. 26, Dec. 29, 1961, pp. 518- 

7 Modern Metals. Aluminum Powder Used in Solid Rocket Fuel. V. 17, No. 8, Bep- 
tember Mo 84. 

" metal Industry. Aluminum and Magnesium Powders. V. 99, No. 13, Sept. 29, 1961, 
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Apex Smelting Co. announced development of new refining and 
alloying procedures which produce an aluminum die casting ingot 
with superior physical 5 , 

A new type scrap-melting furnace was described“ into which an 
entire aluminum fuselage could be inserted and heated to a tempera- 
ture at which the aluminum would melt and the ferrous and other 
nonferrous parts would fall to the floor of the furnace separated from 
the aluminum. The average length of the fuselage sections was 23 
feet, and they weighed between 3,000 and 3,500 lbs. 

A text was published summarizing elevated-temperature tensile 
and creep-rupture properties of commercially available aluminum 
and magnesium alloys that would normally be used at elevated tem- 
peratures.““ It included designations, chemical compositions, and 
pertinent specifications under which various forms of the material 
were supplied in both wrought and cast alloys. 

Tensile properties of several aluminum alloys were found to in- 
crease as the temperature of application was reduced from room 
temperature to as low as —423?F. (liquid hydrogen)." All the 
alloys tested had good ductility and notch toughness at cryogenic 
temperatures. They did not reveal a transition from ductile to brittle 
behavior as the temperature was lowered. On the basis of yield 
strength-to-density ratios, the aluminum alloys showed some advan- 
tage over annealed stainless steel at very low temperatures. 

A compilation of 22 properties of metals, alloys, and nonmetallic 
materials at cryogenic temperatures was released.“? The paper in- 
cluded aluminum metal and aluminum alloys containing copper, mag- 
nesium, and manganese. 


" Schiffer, D. A. Aluminum Smelter Must Learn To Live With Conditions. Scrap Age, 
v. 18, No. 12, December 1961, pp. 64, 66. 

75 Iron Age. Lift Truck Speeds Reclamation of Scrap-Aluminum Aircraft. V. 187, No. 
12, Mar. 23, 1981: al 86—87. 

7 Materials in sign Engineering. Cryogenic Strength of Aluminum. V. 54, No. 6, 
November 1031; p- 49. 

7 Rice, L. F., J. E. Campbell, and W. F. Simmons. Tensile Behavior of the 5000 Series 
Aluminum Alloys at Room and Cryogenic Temperatures. Light Metal Age, v. 19, No. 9 
10, October 1961, pp. 9-10. 

7 Eldridge, B. A., and H. W. Deem. Report on Physical Properties of Metals and Alloys 
ESCH Ee, to Elevated Temperatures. ASTM Speclal Technical Publication 296, 
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Antimony 


By Richard N. Spencer? and Edith E. den Hartog ? 


A 


RIMARY smelter production of antimony increased in 1961, 
p secondary smelter production decreased, imports and exports 
declined, mine production remained ere? constant, and con- 
sumption decreased Set The net effect of these actions was a de- 
crease in stocks. Prices increased during the year. 

Antimony remained on the list of commodities eligible for barter 
acquisition for the supplemental stockpile through the Commodity 
Credit Corporation (OCC) , and 4,695 short tons of antimony was re- 
ceived in exchange for surplus agricultural commodities. 


DOMESTIC PRODUCTION 
MINE PRODUCTION 


Domestic mines produced 689 tons of antimony, most of which was 
recovered in the form of impure cathode metal as a Kee of proc- 
ening silver-lead ores by the Sunshine Mining Co., Shoshone County, 

aho. 


SMELTER PRODUCTION 


Primary.—Smelter production of antimony was 11,300 short tons, 
and represented an increase of 14 percent over the corresponding 1960 
production. The increase was the result of higher output of byprod- 
uct antimony from primary lead smelting. Smelter output was re- 
covered from source materials as follows: 6 percent from domestic 
mines, 78 percent from foreign ores and concentrates, and 16 percent 
aa byproduct antimony recovered from domestic lead ores. Byproduct 
antimony production from domestic and foreign ores was 32 percent 
of total production. 

Of the domestic smelter output, 2,490 short tons or 22 percent of 
total production was recovered from domestic ores. Companies re- 
porong prima y antimony production were American Smelting & Re- 
f g, ., Foote Mineral Co., Harshaw Chemical Co., Hummel Chem- 
ical Co., McGean Chemical Co., National Lead Co., and Sunshine 
Mining Co. 

2 Commodity specialist, Division of Minerals. 

2 Statistical assistant, Division of Minerals. 
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TABLE 1.—Salient antimony statistics 


(Short tons) 
1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 
Production: 
Primary: 
Mine- AAA 8 904 709 705 678 635 689 
Smelter 1. 11, 239 11. 400 8. 557 8. 748 9, 954 11, 329 
Secondary. g ck 23, 123 22. 565 19. 515 20. 043 20, 104 19. 466 
Imports, general (antimony content) 11, 739 15, 265 9,878 13, 273 | 914,519 13, 942 
¡E A m 8 101 68 86 174 906 44 
Consumption 2 LL LLL Ll... 16, 896 12, 389 11, 880 13.317 | $13,271 12, 697 
Price: New York, average cents per 
ound AA A ii i 35. 50 35. 09 31. 76 31. 30 31.30 33. 89 
World: Production 52, 400 56, 000 51, 000 59. 000 61, 000 60, 000 


1 Includes primary content of antimonia! lead produced at primary lead smelters. 
2 Includes primary content of antimonial lead produced at primary lead smelters and antimony content 
of alloys impcrted. 


Revised figure. 


TABLE 2.—Production and shipment of antimony (concentrates and metal) in the 
United States 


(Short tons) 
Gross weight of | Contained 
Year antimony-bearing| antimon Antimony | Antimony 
concentrate (percent) produce shipped 
produced 
1952-56 (average 3, 885 22.2 904 Q) 
1957 AA . EN RA 3.022 23.5 709 
LLL WEE EE 4, 309 16. 4 705 
I950... ot d - SE 4. 671 14.5 678 146 
1900- EE 4, 256 14 9 635 1, 086 
11 8 4. 245 16.2 689 L 
Data not available. 
TABLE 3.—Primary antimony produced in the United States 
(Short tons, antimony content) 
Class of material produced 
Year Total 
Byproduct 
Metal antimonial 
lead 

1952-56 (average) 2, 324 11, 239 
7 ³ꝛ˙A» y m v 1. 915 11. 400 


eegen ees e oe er e e — e em e e e e om e e e em op op e 


Secondary.—The recovery of secondary antimony was 19,500 short 
tons, compared with 20,100 tons in 1960. All secondary ani nony LE 
recovered from antimony-containing lead and tin scrap largely by 
secondary smelters. So far as is known, secondary metallic antimony 
was not Vers in the United States; all secondary antimony was 
recovered in alloys. Primary and secondary lead smelters recovered 
18,700 short tons of antimony from scrap, and manufacturers and 


ANTIMONY 267 


foundries reclaimed the remaining 800 tons. Battery plate scrap 
supplied 10,970 tons; type metal scrap, 3,300 tons; drosses, 2,600 tons; 
bearing metals, 1,200 tons; and antimonial lead scrap, 900 tons. Anti- 
monial lead was produced from most of the battery-plate scrap. Sec- 
ondary lead 0 used 1,525 tons of primary metallic antimony, in 
addition to antimony recovered from scrap, to make lead and tin 
alloys. 


TABLE 4.—Secondary antimony produced in the United States, by kind of scrap 
and form of recovery 


(Short tons, antimony content) 


Form of recovery 1961 
In antimonlal lead 1. 12, 418 
In other lead alloys 7, 017 
In tin-base alloys 27 31 
19. 466 
$13. 2 


! Includes 919 tons of antimony recovered in antimonial lead from secondary sources at primary plants 
in 1960 and 171 tons in 1961. 


TABLE 5.—Byproduct antimonial lead produced at primary lead refineries in the 
United States 


(Short tons) 


Antimonial lead produced at primary lead refineries 


Antimony content 


Year 
Gross 
weight From From 
domestic | foreign 
ores ! ores ? 
1952-56 (average 62, 264 1, 564 700 
AAA A ² d ĩͤ 67. 786 1. 300 615 
JJ ĩ» m x E 50. 246 811 
O %⅛˙ i2We 37. 487 676 494 
JJ EE ⁰ä¹1 aii tee iae 30. 230 456 200 
lr EE 35, 080 1,010 713 


1 Includes primary residues and small Mania of antimony ore. 
3 Includes foreign base bullion and smali quantities of foreign antimony ore. 


CONSUMPTION AND USES 


Industria] consumption of primary antimony was 12,700 tons, 4 

rcent below 1960 consumption. Consumption was fairly high dur- 
ing the first quarter, declined sharply during the second quarter, re- 
mained low during the third quarter, and increased abruptly in the 
fourth quarter. Consumption for all major uses followed the above 
trend. Antimonial lead was the largest consumption outlet. Bear- 
ings, type metal, sheet and pipe, and cable covering used appreciable 
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quantities of metallic antimony. The use of antimony oxide by the 
plastics industry again showed a substantial increase and was 21 per- 
cent over 1960 consumption for that use. The use of antimony oxides 
and compounds in ceramics and glass decreased 25 percent to 1,200 
tons, and use in flameproofing chemicals and compounds decreased 
slightly. 


TABLE 6.—Industrial consumption of primary antimony in the United States 
(Shorts tons, antimony content) 


Class of material consumed 
Total 


Sulfide | Residues SES 


12, 697 


1 Includes antimony in imported alloys. 
3 Revised figure, 


TABLE 7.—Industrial consumption of primary antimony in the United States, by 
class of material produced 


(Short tons, antimony content) 


Product 1952-56 1957 1958 1959 1961 
(average) 
Metal products: 
Ammunjtion mee e eee eene 6 12 1) (!) (1) 
Antimonial lead 2....................- 6, 584 4, 233 , 698 4,141 4, 708 
Bearing metal and bearings........... 969 914 644 737 
Cable covering............-..........- 119 183 208 157 141 
Gif A 8 71 106 82 84 53 
Collapsible tubes and foil............. 35 20 37 33 24 
Sheet and pipe........................ 187 258 273 202 147 
Sleek. 8 153 90 100 113 97 
Type metal 2e 1,215 607 877 883 448 
e A D 121 153 147 130 152 
e 8 9. 460 6. 606 6. 066 6. 629 6. 507 
E EE E l LU- OOO l 
Nonmetal products: 
Ammunition primors 22 14 10 11 15 
For is 36 37 33 28 20 
Flameproofing chemicals and com- 

PCC AAA 1, 567 760 758 1, 033 1,138 
Ceramics and glass 1, 788 1,611 1, 570 1, 727 1, 223 
Matcheg. .. 18 26 18 19 O) 
Pigment 8 1. 406 1, 085 1, 047 1, 167 845 
Pie i aera m rara o 711 748 841 1, 034 1, 228 
Rubber produets 2 74 284 265 217 287 
Other O A E A deis 1,814 1,218 1.272 1. 452 1, 434 

/// ⁰˙A—²ʃ!.ʃ..... ina Eat 7. 436 8,783 5, 814 6, 688 6,190 

Grand total......................... 16, 806 12, 389 11, 880 13,317 | 313,271 12, 697 


1 Included with Other“ to avold disclosing individual company confidential data. 
3 Includes antimony content of imported antímonial lead consumed. 
3 Revised figures, 
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STOCKS 


Yearend industrial stocks of antimony totaled 6,400 tons, 700 tons 
lower than those of the end of 1960. Government stocks of antimony 
metal on December 31, 1961, included 1,577 tons in the CCC inventory, 
12,754 tons in the 9 8 stockpile, and 30, 301 tons in the na- 
tional strategic stockpile, totaling 44,632 tons in all Government 
stockpiles. The basic stockpile objective was 44,000 tons and the 
maximum objective 70,000 tons. Total Government inventory of anti- 
mony was 101.4 percent of basic objectives and 63.3 percent of maxi- 
mum objectives. 


TABLE 8.—Industry stocks of primary antimony in the United States, Dec. 31 
(Short tons, antimony content) 


Ore and concentrate - c c ce LL eee ee 
Tl e aa na 


1 Inventories from primary sources at primary lead smelters only. 


PRICES 


The quoted price of RMM brand antimony metal, in cases, was 
29.50 cents per pound f.o.b., Laredo, Tex., until April 3 at which time 
the price Se to 33.00 cents. The New York equivalent prices 
were 31.30 cents and 34.75 cents, respectively. Foreign antimony 
prices increased steadily throughout the year on all classes of mate- 
rial and in close harmony with metal prices. 


TABLE 9.—Antimony price ranges in 1961 


Type of antimony: Price 
Domestic metal“ cents per pound... 29. 00-34. 75 
Foreign metal EE do 25. 75-31. 50 
Antimony trioxide *_ ,. do. 26. 50-31. 50 
Antimony ore,“ 50-55 percent dollars per short-ton unit... 2.70- 3. 25 
Antimony ore, minimum 60 percent do 3.45- 4.25 
Antimony ore, minimum 65 percent do 3. 60- 4. 50 


1 RMM brand, f.o.b., Laredo, Tex. 
2 Duty-paid delivery, New York. 
2 Quoted in E£MJ Metal and Mineral Markets. 


FOREIGN TRADE ' 


Imports.—General imports of contained antimony were 13,900 short 
tons, compared with 14,500 tons during 1960, a decrease of 4 percent. 
* Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson. Divi- 


sion of Foreign Activities, Bureau of nes, from records of the U.S. Departmen 
Commerce, Bureau of the Census. = = 
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Imports of ore and concentrate and antimonial lead increased; all other 
classes of imports decreased slightly. Mexico supplied 51 percent of 
ore and concentrate imports; the Union of South Africa, 40 percent; 
and Bolivia, 5 percent. The major suppliers of metal were: Yugo- 
slavia, 44 percent; the United Kingdom, 26 percent; Belgium-Luxem- 
bourg, 20 percent; and Peru, 6 percent. The antimony content of 
antimony oxide imports was 1,643 short tons; the United Kingdom 
and Belgium-Luxembourg were the principal suppliers. Government 
barter acquisitions accounted for 37 percent of general antimony 


imports. 
TABLE 10.—U.8. imports! of antimony, by countries 
Needle or 
Antimony ore liquated Antimony Antimony 
antimony metal oxide 
Antimony 
Year and country Short content Short 
tons | tons Value | Short 
(gross (gross | (thou- | tons | (thou. | (gross | (thou- 
wcight)| Short | Value |weigbt)| sands) sands) |weight)| sands) 
tons | (thou- 
sands) 
1952-56 (average) 16,418 | 6.906 | $2,033 35 $17 | 3,441 | $1,882 | 1.647 $769 
A ĩð A E 21.374 | 8.198 | 1,973 38 17} 5,0582 | 2,41 1. 893 2790 
1111 ( 8.203 | 3,427 643 136 58 | 4,355 | 1,900 | 1.634 643 
111ͥͤö ͤ ³ 8 15. 307 6. 466 1. 230 163 74 4. 395 2, 023 2. 056 825 
North America: 
e AA, RA A EA OO VEH (3) Sit GER EE 
Guatemala 174 119 29 A ↄðͤ ↄ⁵ↄ d ͤ (0 Ä DEE 
Ri e xicoo 10,221 | 2,699 346 |........]........ 603 So INDE 
Nicaragua 12 6 I........... r E 
oel 10. 407 2. 824 309 loess A 603 410 occ foan 
South America: 
Bolivia 4............ 1, 528 974 Ü ] G O T 
Chile 269 177 y!!! ⁵ͤ(—6 m 
Peru I.. 99 57 14 A DE 90 ¡A PA 
py AA 1, 896 1, 208 Pa ah A A 90 Ol PARA EE 
Europe: 
Belgium-Luxem- 
Fill 8 2 1 492 222 329 139 
AO E E ß GE 205 93 208 112 
Germany, ] ]ͤ] . c e RE CAE 6 2 92 36 
p A A ES p RA A 112 46 
United Ki!ngdom...]|........|.-......].-..-.... 22 10 | 1,868 795 | 1,567 639 
Füsse, EA PA PA 8 2, 140 O28 A A 
q AMA A A iaeiae 24 11 | 4,711 | 2,040 | 2,368 972 
AS ⁰ PR A 8 (3) O AA A 
Se le Le e | a . — 12 — Leg 
Africa 
Brut EEN, . 8 33 11141 A SS 
Mozambique. ...... 224 132 eN A AO AR AS 
Union of South 
Aſrica 3,879 | 2,291 A A A A A ⁵ EIS 
Total 4. 103 2. 423 S PA 33 jf O EEN 
Grand total.....| 16, 406 6.455 1,214 24 11 5, 437 2, 495 2. 368 972 
—— -— n LA aa 


Bee footnotes at end of table. 
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TABLE 10.—U.8. imports of antimony, by countries—Continued 


Needle or 
Antimony Antimony 
Antimony ore liquated 
antimony metal oxide 


Antimony 
content 


Year and country 


(gr 
weight)| Short weight)| sands) 


1961: 
Noe America: 


— — 2 — 4 — 4 2 2 2 —EU„U ee eleeggeeeeeleeeeeeeeleeegeegee 


— — 2414 — — eege 


— o | — | — 1 2 —— | —ANI— | ————— —à—EFT | L————— | x 
—— | — 4 | ————— — | ————— —ññꝛññ | 2 


2222 22292422222 rr 
2 — 14 — — 2 414 9 oe — 1 — —— 1 2 2 — dodo. 


-^————————j|eeeo-o 


———— [| ————————— | — | Kä— | ———— ——— G | | ———————— 
———— |. — e | L—————— S —— | ——————————— | IILMÁÁ————c | — 


Europe: 


—— 2 — 41 —ü—[k 2 


— má | —— •—ä[2—᷑— —6— ao E ES 


— gew — enee 2 43 — 2 — 4 — 2 — 2 — 


map dar — a dr "Dm mp ap ee ep e ge 4 — oer leeeeeeee lee ae eee ele eeee:e ee lee e eaeeeee 
en rr | ———————— rc rl — . cr e |.I—————— 
———À | —————— | —————— — — —— — | IL—É———I — 


! Data are general imports, that is, Include antimony Imported for immediate consumption plus material 
entering the country under bond. Table does not include antimony contained in lead-silver ores, 
2 Data known to be not comparable with other years. 
3 Less than l ton. 
Imports shown from Chile probably were mined in Bolivia or Peru and shipped from a port in Chile, 
§ Less than $1,000, 


Source: Bureau of the Census. 


TABLE 11.—U.8. imports for consumption of antimony * 


Needle or Antimony Antimony 
Antimony ore liquated metal oxide 
antimony Type 
metal 
and 
Antimony anti- 
Year Short content Short monial| Short 
tons tons | Value | Short | Value | lead? tons | Value 
(gross (gross | (thou- | tous | (thou- | (short | (gross | (thou- 
weight)| Short | Value |weight)| sands) sands) | tons) |weight)| sands) 
tons | (thou- 
sands) 
1952-56 (average)...| 16.418 | 6,906 | $2,033 35 $18 | 3,351 | $1,839 | 1,205 | 1,645 $769 
TTT 21. 374 8. 198 1. 973 38 17 5,412 | 2,587 417 1, 893 3 790 
1958 ir eaten 8,203 | 3,427 643 136 58 | 4,282] 1,871 645 | 1,634 643 
CCT 15,307 | 6,466 | 1,236 177 79 | 4,422 | 2,039 592 | 2,056 825 
1800 8 16. 406 6. 455 1. 214 24 11 5, 437 2, 495 4 645 2, 368 972 
c eweg 16,204 | 6,713 | 1, 13 6| 4,912] 2,347 665 | 1,980 935 


1 Does not Include antimony contained tn lead-silver ore. 

3 Estimated antimony content; for gross weight and value, see Lead chapter” of this volume. 
38 Known to be not comparable with other years. 

4 Revised figure. 


Source: Bureau of the Census, 
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Exports.—Exports of antimony in 1961 were 44 short tons, only 5 
alas of 1960 exports and the smallest quantity exported since 1954. 

ost of these exports were in the form of antimony metal, alloys 
needles, and antimony-bearing scrap metal. Panama, Venezuela, an 
Guatemala were the largest purchasers. 


WORLD REVIEW 


Bolivia.—Antimony exports were reported in terms of production 
because they were considered more reliable, and all production was ex- 

orted. Production was 7,400 tons, an increase of 27 percent over 
1960. La Unificada, S.A., a privately owned mine, was the largest 
producer. A small quantity of antimonial lead was produced, type 
metal was prona or domestic consumption, and a small quantity 
of impure lead-silver-antimony bullion was produced for export. 

Canada.—Canadian production of antimony, 654 tons, was 21 per- 
cent less than that of 1960. All the antimony output was recovered 
as a byproduct of processing lead and silver ores by the Consolidated 
Mining & Smelting Co. of Canada. Ltd., of Trial, British Columbia. 
Canadian production was supplemented with imports to satisfy do- 
mestic requirements. 

China.—China was still the world’s largest producer of antimony. 
Considerable Chinese antimony was traded on the London Metal Ex- 
change, and long-term contracts were being negotiated to supply 
Japan with its entire requirements. 

Mexico.—Antimony production was 4,000 tons, 85 percent of 1960 
output. Most of the production was exported to the United States 
as ore and intermediate smelter products. Domestic consumption re- 
mained low but did show a fair percentage gain. 

Union of South Africa.—Consolidated Murchison (Transvaal) Gold- 
fields & Development Co., Ltd., was the only antimony producer. 
Antimony continued to be recovered from an antimony-containing 
gold ore. All the output was exported and the principal market was 
the United Kingdom. Production was 11,800 tons, which was a de- 
crease of 13 percent from that of 1960. 


TECHNOLOGY 


Organic compounds containing antimony were used to reduce the 
flammability of polyester resins.‘ 

A new indium-antimonide infrared transducer provided better and 
more rapid detection and more precise measurements and was expected 
to be useful in new guidance and communications applications.* 

Small additions of antimony substantially increased the hardness 
and wear resistance of gray cast iron.“ 

The U.S.S.R. installed an automated plant to produce antimony 
metal. Ore is roasted in a fluidized bed at over 1,000° C. to sublimate 
the antimony minerals and convert them to the lower oxides. A later 


T Banke: Roberts € Co. Antimony-Containing Organic Compounds. British Patent 
La Fond. Charles D. Ir. Transducer Brings New Advantages. Missiles and Rockets, 
v. 8, No. 12, Mar. 20, 1961, pp. 25-28. 
* Current Review Soviet Technical Press, Feb. 23, p. 21 (OTS, Department of Com- 
merce). Abs. in Tech. Survey, v. 17, No. 4, Jan. 28, 1961, p. 67 (8V). 
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process step converts these oxides to metal. Increased extraction was 
claimed for the process, and both sulfide and oxide ores can be treated.” 

Recrystallization was observed in the semiconductor, indium 
antimonide.* 


TABLE 19.—World production of antimony (content of ore except as indicated) 
by countries! 


(Short tons) 
1952-56 
Country (aver- 1957 1958 1959 1960 1961 
age) 
North America: 
Canada coin dl 928 680 430 829 826 654 
Guatemala (U.S. imports)............|.......... 13 47 97 119 71 
si A DRE S 4, 801 5, 734 3, 029 3, 622 4, 664 3, 977 
United States 904 709 7 678 637 689 
Total- at e Ts 6, 633 7, 136 4, 211 5, 226 6, 246 5, 301 
South America: y 
Fi ß 26 7 AAA AA scs 
Bolivia (exports) 6, 896 7, 026 5,818 6, 065 5, 872 7, 429 
Peri. oil. oo cxlo se EE 925 920 964 793 901 790 
a EE 7, 847 7, 953 6, 703 6, 858 6, 773 8, 219 
Euro 
Fee 476 430 514 631 676 668 
Czechoslovakia 9 1, 800 1, 800 1, 800 1, 800 1, 800 1, 800 
E A O eee eesti. Al PAPA A2 MAA AO EE 
Gee. ð 88 / EE, A O E 
AE 439 224 188 231 340 500 
Pell eo 88 33 11 7 AA E 
pain / y 225 220 220 180 243 1200 
S A AN 5, 500 5, 500 6, 600 6, 600 6, 600 6, 600 
Yugoslavia (metal)................... 1, 653 1, 950 1, 835 2, 514 2, 657 2, 716 
Totali EE 10, 600 10, 100 11, 200 12, 000 12, 300 12, 500 
Asia 
Burma A 88 70 90 240 180 175 
Cina cose ee eet ee UE 11, 900 15, 400 16, 500 16, 500 19, 000 18, 500 
ITI ease 106 5110 160 $ 160 $55 § 55 
Pai ees or EE E T 370 474 298 340 298 215 
Ryukyu Islands ? 18 N 26 159 112 
'CTh3sHaHnd EE N y CI E 
Kr 1, 242 1, 232 8 1,687 $ 1, 380 8 1,507 8 1, 508 
Total ARA dan 13, 800 17, 300 18, 700 18. 7 21. 200 20, 600 
Africa i 
WT EE 2, O81 1, 547 1, 106 1, 135 785 720 
E EE 721 360 203 252 310 ê 400 
Rhodesia and Nyasaland, Federation 
of Southern Rhodesia............... 100 83 151 104 100 68 
Union of South Africa. 10, 363 11. 021 7, 904 13, 619 13, 538 11, 804 
M ·oð⅛t AAA doce 13, 265 13, 011 9, 364 15, 110 14, 733 12, 992 
Oceania: Australla .. 263 543 175 703 175 131 
World total (estimate) .............. 52, 400 56, 000 51, 000 69, 000 61, 000 60, 000 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Antimony content of smelter products exclusively from mixed ores. 

3 Includes antimony content of smelter products derived from mixed ores. 

: Eee according to the annual issues of Minerais et Metaux (France), except 1961. 

„Stimate. 

* Year ended Mar. 20 of year following that stated. 

' Average annual production, 1955-56. 

! Exports. 


Compiled by Augusta W. Jann, Division of Foreign Activities. 


1 Engineering and Mining Journal, v. 162, No. 6, June 1961, p. 367. 
8 Abrahams, M. S., and G. W. Neighbor. Determination of the Glide Elements and 
„ aza ton in InSb. Trans. Metal Soc. of AIME, v. 221, No. 5, October 1961, pp. 
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Arsenic 
By Don H. Baker, Jr.! and Gertrude N. Greenspoon * 


A 


RODUCTION of white arsenic in the United States fell 17 per- 
Peon: in 1961. The volume of shipments decreased 31 percent 

but was substantially below production, and thus stocks at year- 
end were more than double those on January 1. Imports totaled 
19,500 short tons, an increase of 52 percent over 1960. World 
production was estimated at 59,000 tons compared with 57,000 tons 
(revised) in 1960. 


TABLE 1.—Salient white arsenio statistics 
(Short tons) 


1952-56 
(average) 


United States: 
Product ion cae eee ee e eee AN 
Shipments ee (1) 
Imports for consumption 19, 483 


Stocks Dec. 31: Producer 
Consumption, apparent 22 
Price: Refined, carlots ! 


! Figure withheld to avoid discinsing individual company confidential data. 
? Producers’ shipments, plus imports, minus exports; no exports were reported by producers, 1952-61. 
3 E& MJ Metal and Mineral Markets. 


4 Revised figure. 


DOMESTIC PRODUCTION 


Domestic production of white arsenic decreased 17 percent in 1961 
and was & byproduct of smelting arsenic-containing copper ores. 
Two plants accounted for the entire production: The Anaconda, 


TABLE 2.—Production and shipments of white arsenic in the United States 


Crude Refined Total 


Shipments 
Short Value 
tons 
1952-56 (average) ; 12,526 | $599,987 
A ĩ ü 8 " 12, 785 530, 350 


10,931 | 459, 661 
7,230 | 321,255 
ee (2) (2) (?) 


1 Excludes crude consumed in making refined. 
2 Figure withheld to avoid disclosing individual company confidential data. 


1 Commodity specialist, Division of Minerals, 
3 Statistical tant, Division of Minerals, 
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Mont., smelter of The Anaconda Company and the Tacoma, Wash. 
smelter of American Smelting and Refining Company. Arsenic metal 
was not produced in 1961. 


CONSUMPTION AND USES 


Most of the white arsenic produced in 1961 was consumed in manu- 
facturing lead and calcium arsenate insecticides. Arsenic compounds 
also were used in weedkillers, glass manufacture, cattle and sheepdips, 
dyestuffs, and wood preservatives. Apparent consumption of white 
arsenic rose 13 percent in 1961. 

Shipments of calcium arsenate, which had dropped steadily from 
1955, may begin an upward trend. Some companies stated that 
calcium arsenate already is being included in chemical crab grass 
killers without danger of toxicity. 


TABLE 3.—Production of arsenical insecticides and consumption of arsenic wood 
preservatives in the United States 


(Short tons) 
Production of Consumption of wood 
insecticides ! preservatives 2 
Year Lead Calcium 


arsenate arsenate 


(acid and | (70 percent Total 
basic) |Cas(AsQ,)2) 
1952-56 (average) .........................- 7, 063 4, 853 1, 393 
I.. ee A 5, 960 9, 739 2, 235 
JUN il ec / ³ ⁰ 7, 469 5, 216 2, 249 
)))! used cud oes eee 6, 452 3, 212 2, 631 
1000 EN AAA 5, 031 3, 295 1, 150 2, 425 
Ill. PáÓ— (3) (3) 41, 187 4 2, 231 


1 Burcau of the Census, U.S. Department of Commerce. 
2 Forest Service, U.S. Department of Agriculture, 

§ Data not available. 

4 Preliminary figure. 


STOCKS 


The total new supply of white arsenic was 4,000 tons greater in 
1961 despite substantial decreases in production and shipments. As 
a result, producer yearend stocks more than doubled and were the 


largest in 5 years. 
PRICES 


White arsenic was quoted at 4 to 5 cents per pound (powdered, in 
barrels, carlots) until late January when the price was lowered to 
4 cents; it was unchanged at the end of 1961. According to the Oil 
Paint and Drug Reporter, lead arsenate (carlots, packed in 3-pound 
bags) was quoted at 30% cents throughout the year. 

he London price in 1961 for white arsenic, per long ton, 98-percent 
minimum purity, was £40 to £45 (equivalent to 5.00 to 5.63 cents 
per pound). Arsenic metal on the London market sold for £400 
per long ton (50 cents per pound). 


3 Oil, Paint and Drug Reporter. Calcium Arsenate Set for Comeback. Producers Search for New Markets. 
V. 180, No. 7, Aug. 14, 1061, p. 41. 
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FOREIGN TRADE * 


Imports.—White arsenic imported for consumption in 1961 totaled 
19,500 tons, 52 percent more than in 1960 and the largest since these 
data have been recorded separately (1909). Mexico continued to be 
the principal supplier with 72 percent of the total imports, followed 
by France with 21 percent and Sweden with 5 percent. 

Sixty-six tons of arsenic metal was received in 1961, of which 65 
tons came from Sweden and 1 ton from Poland. Additional very 
small quantities were received from Canada, United Kingdom, and 
West Germany. Belgium-Luxembourg supplied 28 tons of arsenic 
sulfide. Of the 105 tons of sodium arsenate imported in 1961, 61 tons 
came from the United Kingdom and 44 tons from France. 


TABLE 4.—U.8. imports for consumption of white arsenic (As,0; content), 
by countries 


Country 


North America: 
d 446 $119, 427 
Mees. 604, 932 


oll! —À 724, 359 


EES EE E EN 
e ——— — ee 


Europe: 
Prane@. EEN 34,770 
Sweden 34, 317 
Other countries 1. 989 
Total. EE 70, 076 
Grand total............ discos 704, 435 
North America: 
Canada — e encoun $49, 116 $40, 249 $12, 022 
r ß 962, 894 856, 327 1. 068, 164 
o ..::2: nn uaeth inii 1,012,010 896, 576 1, 080, 186 
— a iE — atoer e EE 
Europe: 
o sco Seen A 153, 336 129, 724 262, 470 
Sweden 176, 043 10, 357 74, 406 
Other countries 2 1 122 382 4, 654 
¿e AAA 329, 501 149, 463 341, 530 
Grand total 1, 341, 511 1, 046, 039 1, 421, 710 


1 Includes Poland- Danzig and the United Kingdom. 
? Includes Netherlands and the United Kingdom. 
5 Negligible. 


Source: Bureau of the Census. 


4 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.S. Department of Commerce, Bureau of the Census. 
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TABLE 5.—U.8. imports and exports of arsenicals, by classees 


(Pounds) 
Class 1952-56 1957 1958 1959 1960 1961 
(average) 
Imports for consumption: ! 
White arsenic (Ass O; con- 

TTC 11, 076, 897 | 20, 270, 069 | 19, 048, 920 | 38, 771. 199 | 25, 649,095 | 38, 966, 394 
Metallic arsenic........... 127, 281 136, 745 01, 660 84, 760 145, 085 132, 389 
Sulfide............. Lll... 39, 726 42, 094 54 41, 872 30, 352 55, 116 
Sept 64, 388 n S 
Calcium arsenatee e . EE 4,001 EE 

x Sodium arsenate.......... 144, 019 828, 049 173, 337 152, 769 209, 956 211, 034 
xports: 

Calcium arsenate. ........ 2, 797,271 | 2,779,954 | 1,274, 000 122, 920 289, 700 669, 932 

Lead oarsengto 982,345 | 1,216,158 | 2,099,960 | 1,398,900 | 1,888, 149 928, 797 


1 Lead arsenate and paris green last received in 1952. 
Source: Bureau of the Census. 


Exports.—No exports of white arsenic were reported. Exports of 
calcium arsenate totaled 335 tons valued at $57,869, of which 160 tons 
went to Nicaragua, 110 to Peru, 39 to Canada, 17 to Jamaica, 4 to 
Hong Kong, 3 to Israel, and 2 to Colombia. 

Exports of lead arsenate totaled 464 tons valued at $182,872. Peru 
received 333 tons, Canada 28, Costa Rica 23, Guatemala 20, Jamaica 
14, France 13, and nine other countries the remainder (in lots of less 
than 10 tons each). 

Tariff.—White arsenic, arsenic sulfide, paris green, and sheepdip 
containing arsenic were free of duty. Arsenic acid was subject to a 
duty of 3 cents per pout and lead arsenate was subject to a duty of 
1.5 cents per pound. The duty of 2.5 cents per pound on metallic 
arsenic, effective June 30, 1958, continued through 1961. Com- 
pounds of arsenic not specified in the Tariff Act were subject to a duty 
of 12% percent of their foreign market value. 


WORLD REVIEW 


World production of white arsenic was estimated at 59,000 tons in 
1961, 4 percent more than in 1960 (57,000 tons, revised). The in- 
crease resulted from higher world output of other metals, chiefly 
copper, with which arsenic is mineralogically and metallurgically 
associated. 

France.—Except for 1960, France has been the third largest pro- 
ducer since 1955. Exports trended upward from 1956 but fell from 
9,500 tons in 1959 to 8,700 in 1960. 55-percent increase over 1960 
was recorded in 1961 shipments. 

Mexico.—Production of arsenic in Mexico rose from 11,100 tons in 
ao to 14,600 tons in 1961. Most of the output came to the United 

tates. 
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TABLE 6.—Free world production of white arsenic, by countries 11 
(Short tons) 


North America: 
Cañada: cin .--.-- 765 1, 249 1, 162 789 862 1 
e RRA 2, 842 5,075 3, 411 11, 536 11, 078 8 14, 600 
United States sl. 12, 539 10, 493 11, 508 5, 189 4) (4) 
South America: 
jo: 3 | A cci ilem E 950 188 292 367 233 3 220 
P ²˙¹¹A .... HX EN 30 22 369 524 433 3 450 
Europa. 
Igium (exports). ................... 2, 065 2, 280 543 3,161 (3) 5 
> E A ES 5, 957 7, 627 8, 354 8, 800 9, 400 3 13, 500 
Germany, West (exports)............- 401 216 205 180 110 1140 
c ³˙· ¹ w- - EE 51 13 11 311 311 
III A ĩ uude 688 1. 254 654 3 660 
Po se eee CR 61,517 61,314 $1,172 596 810 3770 
AA E: A AAA 320 3 300 
A A ee 11, 152 12, 282 11, 194 12 100 | 415, 114 3 12, 000 
Asta: Japan NN 1, 690 1, 521 1, 429 1,1 247 31,200 
Africa: Rhodesia and Nyasaland, Federa- 
tion of: Southern Rhodesia............. 606 883 683 528 204 3 200 
World total (estimate) ! 2........... 42, 000 45, 000 41, 000 47, 000 57, 000 59, 000 


1 Arsenic may be produced in Argent Austria, China, Czechoslovakia, Finland, East Germany, 
Hüngery U. B. S. R., and United Kingdom, but there ts too little information to estimate production. 
3 This table pated de 8 number of revisions of data published in previous Arsenic chapters. Data 
do nor ES totals shown because of rounding where estimated figures are included in the detail. 
a 


4 Figure withheld to avold disclosing individual company confidential data; included in world total. 
: Dus mor available; estimate included in the world total. 
Ipo 


Compiled by Augusta W. Jann, Division of Foreign Activities, 


Sweden.—All of Sweden’s output was produced by Boliden Minin 
Co., the leading world producer. Production in 1961 was estimate 
at 12,000 tons, 21 percent below 1960. 


TECHNOLOGY 


The Russians reported that sulfuric dioxide could be used com- 
mercially to reduce arsenic acid to arsenic trioxide in the purification 
of hydrometallurgical solutions from the acid leaching of polymetallic 
ores. 

A doctorate study of the phase relations in the nickel-arsenic sys- 
tems will be useful for interpreting mineral associations, textures, and 
fine structures found in natural assemblages. The changes in the 
composition of coexisting phases are of fundamental importance in 
determining the pli vsical chemical conditions at the time of mineral 
formation.® 


§ Buzur-Ool, D. B. Crude Purifications of Solutions of Arsenic Using Sulfur Dioxide. Soviet J. of 
Nonferrous Me v. 2, No. 2, February 1961, pp. 49-51 (in English). 
* Yund, R. A. Phase Relations in the System Ni-As'. Econ. Geol., v. 56, No. 7, November 1961, pp. 


Asbestos 


By J. M. West? and Victoria R. Schreck? 


A 


LTHOUGH the United States consumed 24 percent of the world 

A production of asbestos, it supplied only 8 percent of its own re- 

quirements. The Nation ranked seventh among world pro- 
ducers, contributing 2 percent of the total output. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Nearly one-half of the Arizona No. 2 fiber scheduled under con- 
tract with General Services Administration for the national stockpile 
was delivered by one producer. Contracts signed in 1960 for the 
purchase of 500 short tons were extended into 1962 to permit the 
completion of deliveries. Testing followed a simplified procedure 
and was carried out by Arizona Testing Laboratories, Phoenix, Ariz. 
Shipments were accepted at the Globe, Ariz., inspection depot as 
meeting requirements of National Stockpile Purchase Specification 
P-3-R2, dated June 10, 1953, which called for a minimum of 85 
weight-percent of fiber 3$ inch in length. This specification was 
superseded by a revised issue of June 2, 1961, which provided for 
more uniform grading requirements and more rigid testing; the 
source of fiber was not designated. 


TABLE 1.—Salient asbestos statistics 


1952-56 
(aver- 1957 1958 1959 1960 1961 
age) 
United States: 
Production (sales) short tons..| 48, 364 43, 653 43, 979 45, 459 45, 223 52, 814 
A ; thousands..| $4, 699 $4, 918 $5, 127 $4, 391 $4, 231 $4, 347 
Imports for consumption (unmanu- 
ſactured) short tons. .] 702,087 | 682, 732 644, 331 713, 047 | 1 669, 496 | 616, 552 
Value thousands. . $60,023 | $60, 104 $58, 314 | 365, 006] $63,345 | $58, 942 
Exports (unmanufactured) 1 
short tons.. 4, 286 2, 803 3, 026 4. 461 5, 525 3, 709 


value thousands $839 $350 $424 $793 $857 $759 
Exports of asbestos products (value)? 
thousands..| $12,436 | $15,223 | $13,233 | $12,921 | $13,703 | $13,825 


Consumption, apparent? 
short tons..| 746,165 723, 492 685, 284 754.045 | 1 709, 194 665, 567 
World: Production................. do. I. 750, 000 |2, 080, 000 |12, 055, 000 12, 270,000 12, 440, 000 |2, 770, 000 
1 Revised figure. 


2 Includes reexports. 
3 Measured by quantity produced, plus imports, minus exports. 


1 Commodity specialist, Division of Minerals. 
2 Statistical clerk, Division of Minerals. 
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DOMESTIC PRODUCTION 


Asbestos production in the United States increased 17 percent in 
uantity compared with 1960, but it gained only 3 percent in value. 
Iost of the increased production was from California deposits, where 

short-fiber and waste grades were recovered. An estimated 1.1 mil- 
lion tons of rock was mined to produce the 53,000 tons of fiber sold. 

Vermont Asbestos Mines Division of Ruberoid Co., at Belvedere 
Mountain near Hyde Park, Vt., continued as the major domestic 
producer of asbestos. The small quantity of spinning-length fiber 
recovered was used in electrolytic cells. 

Four companies reported shipments of asbestos from mines in the 
Globe district of Arizona: Jaquays Mining Corp., Metate Asbestos 
Corp., Pan American Fiber Corp., and Phillips Asbestos Mines. 
Jaquays was the principal Arizona producer. Best fiber from one 
plant was sold in Switzerland to be made into filter pads. 

California production and shipments of fiber were reported by 
Asbestos Bonding Co., from the Phoenix Mine, Napa County, and by 
Todd Industries, Inc., from a mine in San Benito Co., near Coalin 
Two companies reported smal] amounts of asbestos produced for 
experimental purposes: Union Carbide Nuclear Co., from a deposit 
near Coalinga in Fresno County; and Rawhide Asbestos Corp., from 
the Chaparral Hill mine in Tuolumne County. Jefferson Lake As- 
bestos Corp., a subsidiary of Jefferson Lake Sulphur Co., completed 
exploration and clearing of its chrysotile deposit near Copperopolis 
in Calaveras Co. in preparation for mining. Construction was begun 
on a $5 million mill with a planned initial annual capacity of 15,000 
tons of fiber. Coalinga EE Co., Inc., neared completion of a 
mill on Pine Creek near Coalinga; it was expected to produce 12,000 
or more tons of asbestos annually. Hidden Splendor Mining Co. an- 
nounced plans to construct a 15,000-ton-per-year asbestos plant at its 
deposit in San Benito County, also near 1 

owhatan Mining Co. produced amphibole asbestos from its Burns- 
ville mine, Yancey County, N.C. 

Coast Asbestos Co. reported a small production of chrysotile from 

its property in Grant County, Oreg. 


CONSUMPTION AND USES 


Consumption of chrysotile asbestos decreased from 670,000 tons in 
1960 to 633,000 tons. Part of the decrease was attributable to a slow- 
down of business activities early in the year. More than 97 percent 
of the chrysotile consumed was short fiber used mainly in asbestos- 
cement and asbestos-asphalt building materials. Nearly 9 percent of 
the short-fiber chrysotile consumed was from domestic mines. 

Consumption of crocidolite, as represented by imports, decreased 
from 20,000 tons in 1960 to 18,000 tons. 

Manufacture of asbestos-cement pipe was augmented by the open- 
ing of a new plant at Denison, Tex.,* and plans were announced for 
another plant to be built at Ravenna, Ohio.* 


ee pu Pipe Plant. Min. Mag. (London), v. 104, No. 8, March 

51. pp. h2- (i). 

Me 1 5 e Flintkote to Build Cement Pipe Plant. V. 13, No. 9, September 
, p. 1023. 
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Main intended uses for newly established asbestos production from 
expanding California facilities included vinyl and asphalt tiles, as- 
-cement products, and stuccos. Foreign and domestic markets 

west of the Mississippi River were being contemplated. 


STOCKS 


Government stockpiles contained 25,000 tons of amosite and 8,800 
tons of chrysotile at yearend—20,000 and 2,200 tons, respectively, less 
than maximum strategic objectives. Of the stockpiled material, 12,000 
tons of amosite and 6,000 of chrysotile were in the national strategic 
stockpile; the remainder was in Commodity Credit Corporation 
(CCC) and supplemental stockpiles. Nonstrategic crocidolite held 
on inventory was 10,900 tons. 

Deliveries in 1961 to the supplemental stockpile on contracts back 
to 1959 were as follows: Amosite, 6,562 tons; crocidolite, 3,999 tons; 
and chrysotile, 1,010 tons. CCC let contracts under the barter pro- 
gram in 1961 for 5,000 tons of amosite and 10,000 tons of crocidolite 
to be delivered by 1963 in exchange for surplus agricultural 
commodities. 

PRICES 


Canadian (Quebec) chrysotile asbestos prices, f.o.b. mine, were 
unchanged as follows: 


Grade: Per short ton 
Crüdé NO. Eeer Can$1, 410-Can$1, 475 
Crude No. 2—Crude run of mine and sundry 610- 875 
No. 3—Spinning flber 222 350- 650 
No. 4—Shingle Ober... 222 180- 245 
No. 5—Paper flber 2222 120- 150 
No. 6—Waste, stucco, or plaster 86 
No. 7—Refuse or shorts 40- 80 


British Columbia chrysotile asbestos prices, f.o.b. Vancouver, quoted 
Bell Asbestos Mines, Ltd., sales representative of Cassiar Asbestos 
orp., Ltd., were as follows: 


Grade: Per short ton 
r ß ß Can$1, 522 
„e,, ß See ee es 787 
r d oe ees 625 

SR) EE 470 
AO (CEG II 4 8 325 
(44) ER 220 

AS: TATI RE ELe i mE M EL E ELE 181 
AX COD ae es 142 


Vermont asbestos prices, f.o.b. Hyde Park or Morrisville, changed 


in May as follows: 
Per short ton 


Grade: Jan. 1 May 10 
Group No. 3—Spinning and flitering......... $353-440 3$345—402 
Group No. 4—Shingle fiber 222 181-218 181-320 
Group No. b—Paper flber 120-142 120-142 
Group No. 6—Waste, stucco, or plaster 86 86 


Group No. 7—Refuse or shorts 22 41- 75 40- 75 
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Quotations in Asbestos magazine for Arizona asbestos, f.o.b. Globe, 
were changed from 1960 as follows: 


Per short ton 
Grade: 1960 Jan. 10,1961 
No, AAA A Sa e eere: $1, 475-$1, 800 $1, 650-$1, 800 
NO 2 eh d EECH 830- 1, 050 800- 1, 000 
Group 3—Filtering and spinning 350- 450 375- 450 
Group 4—Plastic and filtration 190- 250 225- 250 
Group 5—Plastic and molding 125- 177 190- 225 
Group 7—Refuse and shorts 60- 100 58- YO 


Market quotations were not available for African, Australian, and 
South American asbestos, as sales were negotiated individually. U.S. 
Department of Commerce reports showed the following average values 
per short ton for imports: 


Per short ton 

Imports: 1960 1961 

lll... ——— sue oa $152 $163 
Crocidolite: 

Bl he a ae EE — 182 

AA ³w--- E 211 209 

Union of South Africa... en 219 202 


FOREIGN TRADE * 


Imports of amosite, crocidolite, and chrysotile decreased 24, 9, and 
7 percent, respectively, from 1960, resulting in a net decrease of 8 per- 
cent in total imports in 1961. 
Low-iron chrysotile imports of spinning length from British Co- 
lumbia decreased from 6,254 tons in 1960 to 5,374 tons. Ninety-seven 
ahi of all chrysotile imported was short fiber of less than spinning 
ength. 
he Union of South Africa supplied crocidolite and chrysotile and 
was the only source of amosite. Imports from Australia consisted 
solely of crocidolite. The total crocidolite imported from the two 
countries and a small tonnage from Bolivia was 17,863 tons. Only 
chrysotile was imported from other countries. 
Exports of unmanufactured asbestos decreased from 5,525 tons in 
1960 to 3,799 tons. 


WORLD REVIEW 
NORTH AMERICA 


Canada.— Technical and research facilities were established at the 
University of Sherbrooke in cooperation with the Quebec Asbestos 
Mining Association to meet expanding needs of the asbestos mining 
industry in the eastern townships of Quebec. Maintenance of product 
uniformity under increasingly complex grading requirements was & 
primary function of the new establishment.* 


ë Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com- 
merce, Burenu of the Census. 

* Canadian Mining and Metallurgical Bulletin (Montreal). Asbestos Fibre Standards 
Laboratory Established at the University of Sherbrooke. V. 54, No. 589, May 1961, p. 380. 
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TABLE 9.—U.8. imports for consumption of asbestos (unmanufactured), by 
classes and countries 


Crude (including Short fibers Total 
blue fiber) 
Year and country 
Short | Value Short | Value Short Value Short Value 
tons 
960: 
North America: 
Canada $64, 989] 148, 584 829,055,547] 467, 8600824, 998,784] 616, 20 $54,119,320 
Guatemala WW; GEN A E "400 
South America: Vene- 
£0el8..................| 15 2, 100 — 2 61 8, 310 
Europe: 
Fear. A A AA 165 8, 250 
A PA 8 8, 123 
Portugal 22 ., ⁰·ꝛ¹A RE, DEE 22 2, 800 
Yugoslavia..........| 4,578) 157, 122 BN, BEN 4. 5788 157,122 
ca: 
Rhodesia and Nyasa- 
land, Federation 
G 2, 439 617, 740 
Union of South 
Africa . 40, 794| 7, 444, 827 
Oceania: Australia......| 4,626) 977, 959 4,626| 977,959 
rr ( 669, 406/63, 344, 851 
961: 
North America: Canada. A : E 570, 05350, 937, 018 
South America: Bolivia... ; A A 8 50 9, 090 
sland tele teu A ñ AAA : 164 14, 500 
Italy A 113 22, 650 
Portugal 7 8 )))!!! % Ä 8 8 645 
Jg S eae A ðꝛ A A “iO, 104) 173, 260 
Rhodesia and Nyasa- 
land, Federation 
GCC 3, 0521 7156, 278 
Union of South 
Africa 8. 384, 144| 35, 604| 6, 586, 868 
Oceania: Australla......| 2,314] 482, 764 4 444% 2, 3144 482,7 
Tol.. RTT 43, 408| 7, 440, 673] 143, 541/28, 016, 667 429, 603 23, 484, 733| 616, 552/58, 942, 073 
1 Revised 


figure 
3 All believed to be from Southern Rhodesia. 
3 Data reported by the Bureau of the Census has been adjusted by the Bureau of Mines. 


Source: Bureau of the Census 
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TABLE 3.—U.8. imports for consumption of asbestos, from specified countries, 
by grades 


(Short tons) 


Southern Union of 
Rhodesia ! 


Chrysotile: 
Crude: 


Other 
Spinning or textile à 220 e 
i JJC ns MR 1 7 


17 ͤ⁰yſ ²⁵ vu ( AS TT bones IRA 14. 978 


570, 053 


1 Reported by the Bureau of the Census as Federation of Rhodesia and Nyasaland. Believed to be from 
Southern Rhodesia. Excludes data adjusted by the Bureau of Mines. 

2 Includes data adjusted by the Bureau of Mines. 

3 Less than 1 short ton. 


Source: Bureau of the Census. 


TABLE 4.—U.8. exports! and reexports* of asbestos and asbestos products 


1961 
Product 
Quantity Quantity Value 
Exports: 
Unmanufactured: 
Crude and spinning flbers short tons.. 1,064 $281, 444 
Nonspinning fibers do.... 1, 084 256, 261 
Waste and refuse do.... 1, 424 170, 755 
Total unmanufactured................- do.... 841, 607 3.572 708. 400 
Products: 
Brake lining and blocks—molded, semimolded 
Arid derten cat 4, 488, 132 (5) 4, 192, 908 
Clutch facing and lining number.. 1,149,765 | 1,452, 435 1, 149, 299 
Construction materials, n. e. c. short tons.. 2. a 444 11, 300 2, 980, 726 
Pipe covering and cement 22 do.... 1, 906, 238 2. 627 1, 485, 640 
Textiles, yarn, and Dockug. do.... 3, 128, 870 1, 288 3, 106, 542 
Manufactures, RE EE ( 776, 905 (4) 889, 625 
Total Eeler WE, 8 13, 687, 354 |...........- 13, 804, 740 
ee | | ¶—de —— 
Ho 
nmanufactured: 
Crude and spinning fibers.......... short tons.. 108 24, 175 
Nonspinning fibers... LL Lec e res. do.... 106 20, 
Waste and refuse A VE, DEE 13 594 
Total unmanufactured..............--.2...-- 227 50, 772 
Products: 
Brake lining and blocks—molded, semimolded 
and Woven short tons.. (3) 1, 580 
Construction materials, n. e. Dacus 18, 353 
Textiles, yarn, and packing do.... 1 228 
Total products 3 ER, MEME 1 ke DH 20, 161 


1 Materials of domestic origin, or foreign material that has been milled, blended, or otherwise processed 
in the United States. 

3 Material that has been imported and later exported without change. 

3 Values have been summarized; quantities not shown, 

4 Quantity not recorded, 

5 Less than 1 ton. 


Source: Bureau of the Census, 
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TABLE 5.—World production of asbestos, by countries 


(Short tons) 
Country ! 1958 1959 1960 1961 
North America: 
Caneda (sales) . 22.222 2-2. 925,331 | 1,050, 429 | 1,118,456 | 1,173,695 
United States (sold or used by 
producers) 43. 979 45, 459 45. 223 52, 814 
'Totál. nc ( 1,016,910 | 1,089, 739 969,310 | 1,095,888 | 1,163,679 | 1, 226, 500 
South America: 
Argentina 412 319 285 320 4 330 4 330 
Boli cia — (ex ports) 283 III 168 66 57 
F! ei .- 2, 495 2, 654 3,816 12, 325 14, 590 4 16, 500 
Venezuela. ...................... 1, 633 8, 390 9,152 5,095 4, 333 650 
Tole o 4, 823 11, 484 13, 253 17, 908 19, 319 417, 500 
Ulearia......-...--.---..------- 1,146 1.100 1,100 | 41. 100 41,100] 41,100 
Finland 11, 664 10, 979 7,932 9, 579 10. 534 10, 339 
8 e SEN 12, 107 16, 008 20, 742 23, 360 28, 111 30, 855 
aat A | WEE ` D EE, ⅛ͤBvB ⅛ð2 8 
MAIS aro ee 30, 470 40, 361 42, 500 49,778 56, 672 62, 816 
A IA 64 98 144 4110 
pen EE LV Mi E, 8 19 — 
SSR e ð K iaidd 875, 000 500, 000 550, 000 600, 00) 660, 000 880, 000 
Yugoslavia. ..................... 8, 792 6, 12S 5, 960 4, 748 5,970 6, 709 
Total 4... ee l.l... 435, 000 875, 060 630, 000 690, 000 765, 900 990. 000 
Eins 16, 500 83, 900 66, 000 88, 000 8%, 000 88, 000 
CYDIUS A = 16, 024 5.028 16. 494 14, 424 23. 369 4 22, 000 
A ͥ S 1,031 1, 925 1, 392 1, 464 1, RRE 1. 618 
PONE EE 6, 325 13, 192 11, 187 13, 633 17, 042 18, 799 
Korea, Republic of. 71 96 RR 341 
A UM UE 142 288 47 150 43A 44 
Meg... 188 99 839 411 238 406 
nl! A E PUES. 40. 000 64. 000 96, 000 118, 000 132, 900 131. 000 
Africa 
Becbuanaland................... 973 1, 582 2, 265 L 410 1, 849 1, 924 
DW AA 220 109 120 117 151 
Morocco: Southern rone......... 569 / E A DECHE 
Morambi que 140 152 198 37 22 102 
Rhodesia and Nyasaland, Fed- 
eration of: 

Southern Rhodesia.......... Ab. 353 132, 124 127,115 119, 600 133. 963 161. 610 
Swaziland ue E ue 31. 501 30, 727 25, 261 24, 807 32, 026 30,7 
Union of South Africa 118, 805 157, 474 175, 644 182, 405 175, 867 194, 831 
United Arab Republic (Egypt 

Region) . 87 22 485 502 496 4 500 


— — | . — A | M äẽd0 


Total 247. 618 322, 322 331, ORS 328, 903 944. 340 389, 974 


er ¶ͤ Ü—ͤ—ͤ.ů—ñ —ͤ ũ—¹e2 Ü — l — ea a 
— —— — — — — ä—6 — ͤ . — — — 


Australl aaa 3,117 14.60 13.570 17.875 15.613] 16,746 
New Zealand........ „ 251 230 454 640 319 « 330 
Total... 5,378 | 14,900 | 14. 024 18,515 | 15.932 17,076 
World total (estimate) 12 1, 750, 000 | 2,050,000 | 2,055,000 | 2,270,000 | 2,440,000 | 2, 770. 000 


1 Asbestos also is produced la Czechoslovakia, Eritrea, Iran, North Korea, Rumania, and Uganda. No 
estimates for these countries are included in the total, os production is believed to be negligible. 

2 This table incorporates some revisions. Data do not add to totals shown because of rounding where 

ted figures are included in tho detail. 

§ Exclusive of sand and gravel and stone (waste rock only), production of which is reported as follows: 
WEEN E 31,375 tons; 1957, 13,652 tons; 1958, 18,449 tons; 1959, 20,532 tons; 1960, 51,624 tons; 1961, 

i ns. 

4 Estimate. 

$ Includes asbestos flour. 


Compiled by Helen L. Hunt Division of Foreign Activities. 
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TABLE 6.—Canada: Sales of asbestos by grades 


1960 1961 
Grades Value Value 
Short tons Short tons 
Total Average Total Average 
(thousands)| per ton (thousands)| per ton 
Crude No. 1, 2, and other 330 $341 $1, 034 163 $132 $810 
Milled group: 
Ooo Se A ER 32, 190 14, 272 443 206 10, 619 382 
t NEE E EE K E A RA 294, 092 54,757 186 339, 082 56,874 168 
WEE 156, 901 19, 709 126 179, 852 20, 359 113 
EE 179, 361 14, 763 82 193, 467 14, 461 75 
y MOD dees 445, 509 18, 794 42 423, 116 15, 916 38 
JJ uL. 10. 073 21 8, 719 104 19 
Total, all grades 1, 118. 456 122, 844 110 | 1,173.695 118, 525 101 
Waste rock. ...................... 51,625 46 1 41, 696 35 1 


Source: Dominion Bureau of Statistics. 


A series of articles containing descriptions of asbestos mining oper- 
ations at most of the Canadian deposits was published.’ 

An inclined skipway with a capacity of 30,000 tons per day and de- 
signed for an eventual depth of 1,200 feet was being installed at the 
Jeffrey mine, Asbestos, Se as transition from underground to 
open-pit mining continued. A smaller skipway was installed at the 
Flintkote Mines, Ltd., pit near Thetford mines. 

Fiber recovery from the Black Lake mine of United Asbestos Corp. 
increased to 5.46 percent in the first 9 months of 1961, compared wit 
5.04 percent in the same period of 1960, while production increased 
from 62,000 to 71,000 tons. 

Downward continuation of the main ore zone at the Munro mine of 
Canadian Johns-Manville Co., Ltd., was explored at the 900-foot 
level. Deeper drilling was planned from this level. A third stope 
was opened during 1961, and another was in preparation above the 
main 637-foot haulage level. Grouting around the edges of the aban- 
doned open pit was necessary to reduce inflow of surface water to 
underground workings. Mill output was 2,500 tons of asbestos per 
month, all classified as M-100, a new grade designation replacing 
the former 4Y. The harsh fiber was used exclusively in asbestos- 
cement products. A new milling stage increased capacity 20 to 25 
percent by preconcentration.* 

The proposed milling rate at Advocate Mines, Ltd., Baie Verte 
property, under development in northern Newfoundland, was 
increased from 3,000 to 5,000 tons of ore per day as production plans 
were expanded. Ore reserve estimates rose to 40 million tons. Con- 


7Precambrian-Mining in Canada (Winnipeg). Bell Asbestos Mines, Ltd., British Ca- 
nadian Mine, Carey-Canadian Mines, Cassiar Asbestos Corporation Limited, Jeffrey Mine, 
Johnson's Asbestos Company, Johnson's Company Ltd., King-Beaver Mine, Munro Mines 
Ltd., Lake Asbestos of Quebec, Ltd., National Asbestos Mines Ltd., Nicolet Asbestos Mines, 
Ltd., Normandie Mine, Advocate Mines Ltd., Murray Mining Corporation Limited. V. 34, 
No. 5, May 1961, pp. 10-31. | 

Precambrian-Mining in Canada (Winnipeg). Cassiar Asbestos Mine, Flintkote Mines 
Limited. V. 34, No. 6, June 1961, PR. 23-26, 42. 

Northern Miner (Toronto). tart Deep Block Development as J.-M's Munro at 
Capacity. V.47, No. 24, Sept. 7, 1961, pp. 1, 5. 
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struction of docks and other facilities was underway as part of the 
$20 million asbestos project scheduled for production in 1963.° 

Continued drilling at the Ungava deposit of Murray Mining Corp., 
Ltd., in northern Quebec, brought increased ore estimates to 20.1 mil- 
lion tons, grading 8 to 9 percent fiber, mainly in group 4. Lying 
within a partially explored asbestos-bearing zone at least 114 miles 
long, the ore body outlined was 2,200 feet long, 200 feet wide, and 465 
feet or more deep. The 12-inch cores from drilling were substituted 
for the usual bulk sampling by adit. Progress was sufficient to per- 
mit the planning of a mill to produce 100,000 tons of fiber annually. 

At the Cassiar Asbestos Corp., Ltd., mine in British Columbia 
675,000 tons of ore was mined and 582,000 tons milled; 19 percent of 
the rock mined was rejected ahead of the tramline. Sales of short 
cement-grade fibers continued to rise, as in 1960, with stronger trade 
in European markets. Development on the 5,700-foot level showed 
persistent size and grade of ore body. Exploration holes on the north- 
ern extension of the deposit went as deep as 105 feet. Additional 
oo was installed in the mill to improve recoveries of AK and 
AX grades. 

Construction of a 40-ton-per-day pilot mill began at the Hedman 
Mines asbestos property east of Matheson, near Lake Albititi, eastern 
Ontario, while exploration and stripping of overburden continued. 
The main zone reportedly contained more than 8 million tons of ore, 
and bulk samples indicated an average fiber content of 15.6 percent, 
all group 5 and shorter grades." eg WE by McAdam Mining 
Corp., at Roberge Lake, northeast of Chibougamau, northwestern 
Ontario, outlined an ore body 1,000 feet long, 600 feet wide, and 450 
feet deep, averaging 8.4 percent asbestos. Magnetic anomalies found 
in earlier work were investigated.?? 

Geophysical surveys were conducted in the Matheson area, McCool 
Township, Ontario, by Desjardins Mines and Young-Davidson Mines. 
A brief report by the British Columbia Department of Mines and 
Petroleum Resources on the Letain Asbestos property near Cassiar, 
British Columbia, was made available for inspection. 

Mexico.—Manufacture of pipe insulation utilizing amosite was 
scheduled to start in the new plant of Aislantes Industriales, S.A. de 
C.V., north of Mexico City. Construction began on a US$1 million 
E pipe plant in Chihuahua by Mexalit del Norte, S.A. 

e C.V. 
SOUTH AMERICA 


Brazil.— Deliveries of chrysotile to Brazilian ports from the Mine- 
vacio de Amianto, S.A., mine at Djalma Dutra (Pocoes), Bahia, 
decreased from 1,580 tons in 1960 to 1,292 tons in 1961. 

Colombia.—Imports of asbestos in the first 11 months of 1961 totaled 
11,299 tons, compared with 7,635 tons for all of 1960. The ad 


* Canadian Mining Journal (Quebec). Asbestos Deposits Development Started. V. 82, 
No. 12, December 1961, p. 97. 

10 Northern Miner (Toronto). Bulk Samples from Murray Mining Confirm High Asbestos 
Content. V. 47, No. 12, June 15, 1961, pp. 1, 9. 

Northern Miner (Toronto). Install Pilot Plant to Determine Grade of Hedman 
Deposit. V. 47. No. 25. Sept. 14, 1961, pp. 17, 22. 

2 Northern Miner (Toronto). Cut Good Asbestos in Initial Boring at McAdam Mining. 
V. 47, No. 13, June 22, 1961. pp. 1, 12. 

PLE Miner (Toronto). Letain Asbestos Deposit. V. 47, No. 18, July 27, 1961, 
p. . 
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valorem tax of 10 percent on such imports was continued, but a 
specific duty of 0.1 peso per gross kilogram (about US$11 per ton) 
was dropped. 

EUROPE 


Belgium.—Construction was scheduled by Johns-Manville Corp. on 
the first of three asbestos manufacturing plants to be built near Ghent. 
Germany, West.—Of the 146,125 tons of asbestos imported in 1960, 
Canada supplied 55 percent and the U.S.S.R. 21 percent. Sixty to 70 
ercent of the imports were utilized in asbestos-cement products. 
verall consumption of asbestos products was reportedly increasing 
10 percent yearly.!* 
reece.—Asbestos was imported from Canada for use in a new 
asbestos cement pipe and sheet plant on the island of Euboea. As- 
bestos deposits said to be the largest in Europe were being developed 
in northern Greece. 

Poland.— Imports totaled 16,800 tons of asbestos in 1960; 39 percent 
came from the USSR. 

U.S.S.R.—Asbestos exports showed yearly increases of 9 to 16 per- 
cent from 1956 to 1960. Free world markets, mainly those of West 
Germany, France, and Belgium, received 68 percent of the 161,000 
tons exported in 1960.15 Tuvaasbestos Trust was established for lar 
scale development of newly discovered chrysotile and amphibole de- 
posits in Tuva, where some unusually long spinning-grade fiber was 
reported. Nearly all the 1960 production came from Ural Mountain 
deposits. A new deposit was discovered at Bazhenov. A two-fold 
increase in asbestos production from the 1960 level was expected by 
1965. 

Yugoslavia.—Plans were reported to increase asbestos output at the 
Stragari mine, 60 miles south of Belgrade, from 6,000 to 15,000 tons per 
year by 1965. Grades 3, 4, and 5 were expected to comprise 40 per- 
cent of the fiber. Four-fifths of the production was being exported 
to the United States. Ore reserves were 5 million tons. 


ASIA 


Cyprus. —Exports in 1960 were 17,167 tons valued at US$2,469,600, 
compared with 16,131 tons in 1959 valued at US$1,839,600. Produc- 
tion was from Cyprus Asbestos Mines, Ltd., at Pano Amiandos, where 
reserves were reported sufficient for 200 years’ operation at the 1960 
rate of production. 

India.—The Geological Survey of India estimated chrysotile re- 
serves in the Brahmanapalle and Chinnakudala areas of Andhra 
Pradesh at 300,000 tons of fiber. Investigations in the Chamoli dis- 
trict, Uttar Pradesh, disclosed small amounts of asbestos. 

Indonesia, Republic of.—Plans to open small asbestos mines were part 
of an 8-year economic development program to start in 1961. 

Philippines.—Results of laboratory tests on samples from several 
Philippine asbestos deposits were published.!“ Reserves blocked out 


M Turcotte, R. F. West Germany Buys Asbestos. Foreign Trade (Ottawa). "V. 116, 
No. 3, July 29, 1961, pp. 7-9. 

15 Bureau of Mines. Mineral Trade Notes. V. 54, No. 4, April 1982, 108 pp. 

18 Quicho, R. B.. L. O. Pedron, and A. 8. Malicsi. Recovery of Asbestos from Zambales 
and Pangasinan Ores, Philippine Bureau of Mines Rept. of Inv. 26, November 1960, 18 pp. ; 
Min. Newsletter (Philippines), v. 12, No. 5, May-June 1961, pp. 8-14, 38-39. 
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in Bocaclio, Pangasinan, totaled over 114 million tons containing an 
estimated 3 percent of recoverable short-fiber chrysotile, 

Taiwan. -All production, amounting to 485 tons valued at US$15,000 
in 1960, was from the Feng-Tieu mine near Hualien. Imports in 1961 
totaled 919 tons. 

AFRICA 


Bechuanaland.—The mine at Moshaneng produced 1,500 tons of 
curved annually. Several asbestos occurrences were explored by 
core , 

Nigeria.—Asbestos Cement Products Nigeria, Ltd., opened the coun- 
try's first asbestos-cement plant at Ikeja, near Lagos. Another plant 
was planned for Emene, 7 miles from Enugu, eastern Nigeria; it was 
to be operated by Turners Asbestos Cement (Nigeria). 


TABLE 7.—Southern Rhodesia: Asbestos production 


Short tons Value 
(thousands) 
133, 963 $20, 888 
161, 610 24, 453 


Rhodesia and Nyasaland, Federation of.— Asbestos exports increased 24 
percent in 1960 over those in 1959 to 128,000 tons valued at US$23,- 
430,400. Plants to recover grade 7 fiber were under construction in 
1961 at the Serpentine mine, Belingwe, and the Boss mine, Mashaba. 
Rand Mines, Ltd., of Johannesburg acquired the Thornwood mine in 
the Gwanda area, explored ore extensions, and rebuilt the mill to 
produce fiber grades 3 to 7. The expanded plant at the Ethel mine 
in the northern Umvukwes area produced 2,500 tons of grades 3 and 4 
fibers in 1960, all exported to Sweden." Descriptions of operations 
and flowsheets were published.!“ A reportedly rich asbestos ore body 
was being explored at the Pangani mine, near Filabusi, east of 
Bulawayo. 

Swaziland.—The Havelock mine at Emlembe continued to be the 
only producer in 1960; its total output of 32,026 tons valued at US$7,- 
802,141 was exported, mainly to the United Kingdom. Measured ore 
reserves were set at 10 million tons. A reopened adit in the mine’s 
west extension disclosed a vein 30 feet wide; it contained 3.5 percent 
fiber. Chrysotile production was over 2,500 tons monthly from ores 
averaging 4.7 percent fiber; grades ranged from 2 to 5, with most fiber 
in grades 3 and 4. 

Union of South Africa.—Crocidolite in the Cape Province and Trans- 
vaal and amosite in the eastern Transvaal were subjects of a thorough 
report.“ A report was issued describing production of amosite by 


" Bureau of Mines. Mineral Trade Notes. V. 53, No. 5, November 1981. Pr 6-8. 
51 E N. M. Operations at the Ethel Asbestos Mine, Southern Rhodesia—Further 
Notes. Inst. of Min. and Met. Bull. (London), v. 70, No. 653, April 1961, pp. 407-41 
Bureau of Mines. TS RAE Trade Notes. V. 53, No. 5, November 1961. pp. 8, 9 
8 


e Keep, 
Min. and Met. Cong., Johannesburg, South Africa, April 1961, 27 pp. 
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Amosa (Pty.), Ltd., and chrysotile by African Chrysotile Asbest 
Ltd.; detailed data on South African exports in 1959 and the first hal 
of 1960 and a list of producers were included. Sinking of a new 
vertical shaft at Penge progressed. The mine produced 5,000 tons of 
amosite monthly, with recoveries of 11 percent fiber from the ore. 
One-half the South African chrysotile output was from the Msauli 
mine, where production of grades 3, 4, and 5 totaled 1,300 tons monthly. 
Average fiber recoveries were 5 percent of the ore. Plans to produce 
grades 6 and 7 were reported. Federale Mynbou Beperk acquired 
a one-half share in a venture to explore an extensive asbestos prospect 
in the Kuruman area of Northwestern Cape Province. Turner's 
Asbestos Products (Pty.), a subsidiary of Turner and Newall, Ltd., 
pu to build a $2 million asbestos-cement pipe and sheet plant at 
urban. 


TABLE 8.—Union of South Africa: Asbestos production by varieties and sources 


(Short tons) 
Varicty and source 1957 1958 1959 1960 1961 
Amosite (Tronsvaal)...................-.- 56, 798 69,773 71,720 68, 830 69. 234 
Chrysotile (Transvaal) 25, 646 27. 403 29, 326 29. 471 31, 726 
Blue (Transvaal) 22 15,38 16, 670 13. 113 11, 195 11, 176 
Blue (Cape)........ EE LN d 59, 549 01. 520 68, 024 60, 567 82, 624 
Tromolite (Transvaal)....................- 178 278 222 14 74 
rr! ³·˙ eins ir 157, 474 175, 644 182, 405 175, 867 194, 834 


Total Short tons Valu 
(thousands) 


I/! 157, 474 142, 799 $25, 278 
IJ)! 8 175. 644 145, 796 25. 420 
J;ö VT EE 182. 405 151. 515 25. 971 
AAA O AA 175, 867 174. 810 28, 965 

29, 830 


) 8 : 194, 834 180, 684 


OCEANIA 


Australia.—Plans were announced by Australian Blue Asbestos Pty., 
Ltd., to nearly double production of crocidolite to 500 tons per week 
at Wittenoom Gorge in Western Australia. 


TECHNOLOGY 


Several papers on asbestos, subsequently published, were given 
at the annual general meeting of the Canadian Institute of Minin 
and Metallurgy in Quebec in March 1961. One report emphasize 
the importance of asbestos export earnings to Canada's economy and 


m Bureau of Mines. Mineral Trade Notes. V. 52, No. 4, April 1961, pp. 4-10. 

22 South African Mining and Engineering Journal (Johannesburg). Mining at Mamba 
Hill. V. 72, pt. 2. No. 3593, Dec. 15, 1961, p. 1407. 

23 Minin ournal (London). More Blue Asbestos from Australia. V. 257, No. 6580, 
Sept. 29, 1961, pp. 312-313. 
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cautioned against imposing an export duty on asbestos in order to 
stimulate Canadian manufacture of finished products.** Another de- 
scribed problems in separating magnetite from asbestos for a true 
and accurate determination of magnetic rating. An improved pro- 
cedure was presented whereby the rating was established as a func- 
tion of fiber agitation required to release the magnetite.” Operations 
and equipment were described for treating asbestos samples in the 
newly established pilot plant of the Quebec Department of Mines at 
Quebec City.?* 

Asbestos marketing and methods of classification and testing prac- 
ticed in the Canadian industry were discussed in a series of articles. 
A strong market was 5 for fibers in groups 4, 5, and 6, and, 
despite excessive overall mill capacity in Canada, demand for asbestos 
was expected to equal supply within 2 years." A technical meeting 
in October at Ottawa included a symposium on the asbestos industry 
of the eastern townships of Quebec; three papers, covering geology, 
mining and milling, and testing and quality control were given.” 

Selective mining at the Regal mine and mill operations of eier 
Mining Corp. in Arizona were described.“ 

Studies on hydrothermal synthesis of crysotile showed fiber growth 
to be promoted by certain mineralizers, trace elements, and the con- 
trol of pH. A test product, classified as mainly clinochrysotile, formed 
bundles averaging 100 microns or more hich were composed of 
shorter fibers 15 to 20 microns long. Thermal reactions in ser- 
pentine, not fully understood, were disclosed by studies of the effect 
of particle size on differential and thermal gravimetric analysis. 
Peak endothermic temperatures for chrysotile were found to decrease 
from 710° C with no grinding to 670° C with fine grinding.“ 

Analyses of South African crocidolite fibers taken from the weath- 
ered zone showed only slight differences in composition from fresh 
material, even though the asbestos-bearing ironstones were leached 
extensively to depths of 250 feet.** The chemical composition of fiber 
in the unweathered zone was almost constant. 

Articles were published on the manufacture and use of asbestos- 
cement pipe and on the process of fiberizing asbestos.’ For special 

urposes pipe was being made to withstand pressures up to 800 psi. 
t was noted that overmilling of asbestos, while possibly increasing 


2 Lindell, K. V. Asbestos and the Canadian Economy. Can. Min. and Met. Bull. 
(Montreal), v. 54, No. 595, November 1961, pp. 809-812. 

75 Badollet, M. S. and N. W. Edgerton. The Magnetite Content of Asbestos by Magnetic 
Separations. Can. Min. and Met. Bull. (Montreal), v. 54, No. 591, July 1961, Dp. 547-550. 

æ Pelletier, P. E., B. J. Walsh, and J. P. Bolduc. The Pilot Plant and the Department 
of Mines of Province of Quebec. Can. Min. and Met. Bull. (Montreal), v. 55, No. 600, 
April 1962- -pp. 224-227. 

N Guimond, R. The Canadian Asbestos Industry. Precambrian-Mining in Canada, v. 34, 
No. 5, May 1961, pp. 6-9; D 2. v. 34, No. 6, June 1961, RP. 3341, 

z Pit and Quarry. Third Joint Meeting of Industrial Minerals Divisions of A.I.M.E. 
and CLM, Held in Ottawa, Ont. V. 54. No. 7. January 1962, pp. 146-149. 

Stewart, L. A. Mining Methods and Costs, Regal Asbestos Mine, Jaquays Mining 
Corp.. Gila County, Ariz. BuMines Inf. Circ. 7986, 1961, ug 

* Yang, J. C. S. The Growth of Synthetic Chrysotile Fiber. Am. Mineralogist, v. 46, 
Nos. 5, 6. Mny, June 1961, pp. 748-752. 

D Martinez. E. The Effect of Particle Size on the Thermal Properties of Serpentine 
Minerals. Am. Mineralogist. v. 46, Nos. 7, 8, July, August 1901, pp. 901-912. 

2 Cilllers, J. J. LeR.. A. G. Freeman. A. Hodgson. and H F. W. Taylor. Crocidolite 
from the Koegas-Westerberg Area, South Africa. Econ. Geol, v. 56, No. 8, December 
1961, pp. 1421-1437. 

33 Sinclair, W. E. Asbestos-Cement Piping in Industry and Mines. Asbestos, v. 43, No. 
5, November 1961, pp. 4-16. Sinclair. W. E. Fiberization, A Critical Operation in As- 
bestos Processing. Asbestos, v. 43, No. 3, September 1961, pp. 2-10. 
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the grade een the Quebec Box Test, could severely damage 


and weaken the fiber. More positive control of fiberization was 
needed. 


Experimentation continued on asbestos-asphalt paving mixtu 
with road tests planned or underway in Delaware,** Colorado, Cal- 
ifornia, and elsewhere. A special asphalt mixture, containing 5-per- 
cent short-fiber asbestos, was said to offer increased resistance to jet 
blast erosion of airfield pavement. 

Several patents were issued on asbestos-cement pipe-making ma- 
chinery * and one on a system to compress and package asbestos 
fiber." Other patents were issued on the use of asbestos in plastics, 
with polymer latex for patching defects in plywood,” in a smoking 
tobacco mixture,“ in drilling fluids," and as insulation for rocket 
motors.*? 

Colored asbestos-cement sheets with acrylic baked-on finishes were 
marketed. Silicones increased the moisture resistance of sheeting and 
improved electrical insulation qualities. Asbestos-phenolic compounds 
were available for use at temperatures up to 6,000° F under ablation 
conditions. It was found that asbestos increased the life of cutting 
tools used in machining operations when placed at the entry of the 
cut.“ 


% Roads and Streets. Delaware Builds Asbestos Asphalt Test Strip. V. 104, No. 6, 
June 1961, pp. 132-134. 

% Roads and Streets, Colorado Will Test Asbestos Paving Fibers. V. 104, No. 2, 
February 1961, p. 138. 

3* Colliva, D. (assigned to Johns-Manville Corp.). Machine for Continuously Forming 
Tubex of Asbestos Cement. U.S. Pat. 3,003.553, Oct. 10, 1961. 

Swensen, J. H. (axsigned to Johns-Manville Corp.). Apparatus for Forming Asbestos- 
Cement Pipe. U.S. Pat. 3.000, 776. d i 19, 1961. 

* Roberts, J. W., H. Daum, and W. T. Donahue deg to Johns-Manville Corp.). 
Apparatus for Packing Asbestos Fibers and the Like. U.S. Pat. 2,984,172, May 16, 1961. 

5 Blnke, C. L. Plastic Containing Composition and the Process of Making the Same. 
U.S. Pat. 2.993.799, July 25, 1961. 

® Clock, G. E., W. E. F. Rupprecht, and I. J. Cummings (assigned to The Dow Chemical 
Co.). Process for Patching and Repairing Surface Defects in Plywood and the Like and 
the Article Resulting Therefrom. .S. Pat. 3,011.903, Dec. 5, 1961. 

4 Shaw, m J. Smoking Tobacco Mixture and Method of Making. U.S. Pat. 3,002,868, 


OM Base Drilling Fluids. U.S. Pat. 2,995.514, Aug. 8, 1961. 

4 Kimmel, N. A. (assigned to Phillips Petroleum Corp.). Insulation for Rocket Motors. 
U.S. Pat. 2,987,880, June 13, 1961. 

“ Metalworking News. Asbestos Adds Tool Life, Cincinnati Milling Finds. V. 2, No. 
54, Oct. 16, 1961, p. 10. 


Barite 
By Milford L. Skow * and Victoria R. Schreck ? 


* 


OMES TIC production and imports of barite receded from the 
D quantities of 1960, but consumption increased slightly. 


DOMESTIC PRODUCTION 


Output of primary barite from domestic mines was 5 percent less 
than in 1960, but the number of active mines was greater. Production 
was reported from 15 States. 

Arkansas continued to lead in output and sales, followed in order 
by Missouri, Georgia, and Nevada. Other producing States were 

alifornia, Tennessee, Washington, Texas, South Carolina, Kentucky 
Idaho, Utah, New Mexico, Montana, and North Carolina. Stocks of 
primary barite at the mines decreased 31 percent in 1961. 

Production of crushed and ground barite increased 13 percent over 
1960 to satisfy the larger demand. End-of-year stocks at processing 
plants were 15 percent less. 

Blackhawk Prospecting, Mining & Exploration Co. opened a new 
barite mine 314 miles east of Lincoln, Benton County, Mo. The barite 
occurs chiefly as veinlets and masses in Ordovician dolomite. 

Internationa] Minerals & Chemical Corp. began operating a 120,000- 
ton-per-year barite plant in Houston, Tex., to supply drilling-mud 
compen in the South. Bar-Tex, Inc., completed a beneficiation mill 
in Madison County, N.C., and began reclaiming barite from previously 
mined dump piles. 

Production of most barium compounds decreased in 1961. 

Mallinckrodt Chemical Works began operating a new plant at St, 
Louis, Mo., to produce barium sulfate for X-ray diagnosis, and FMC 
Corp. began producing barium hydroxide monohydrate at its Modesto, 
Calif., plant. 


1 Commodity specialist, Division of Minerals, 
* Statistical clerk, Division of Minerals. 
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TABLE 1.—Salient barite and barium-chemical statistics 


1952-56 1957 1961 
(average) 


United States: 
Primary: 

Mine or plant production 

short tons. .] 1,064, 980 | 1, 304, 542 486, 287 867, 201 1771,318 | 731,381 

Bold or used by producers 

short tuns. A 1,035, 482 | 1, 145, 791 605, 402 901,815 1714. 276 798. 785 

Value ...... thousands. $10, 210 $12, 897 $7, 507 $10, 301 1 $8, 574 $9, 312 

Imports for consumption 

short tons. -! 341,698 832. 626 526, 561 639, 598 1641,682 | 608,160 

Valne ...... thousands. 32, 290 85, 804 $3, 733 $4, 825 1 $5, 006 $5, 185 


Consumption 
short tons 2_.| 1,378, 806 | 1,670,720 | 1,195,669 | 1,396, 239 | 11,190,371 [I. 391, 399 
Ground and crushed sold by 


Producers. ...oo... short tons. . 1,106,458 | 1,467, 117 | 1,028, 855 | 1, 209, 007 1 976, 830 1. 035, 782 
Value .......... thousands.. $26, 687 $42, 353 $28, 352 $30, 431 1 $24,219 | $25, 182 

Barium chemlenls sold by pro- 
dur short tons. 95. 806 89. 757 75, 372 98. 670 99. 100 97, 379 
Vulue .........- thousands... $13, 002 $12, 254 $10, 685 $13, 657 $14, 152 $13, 770 
World: Production..... short tons..| 2, 450, 000 | 3, 700, 000 | 2, 800.000 | 3,000, 000 8, 100, 000 |3, 000, 000 


1 Revised figure, 
3 Includes some witherite. 


TABLE 3.—Domestio barite sold or used by producers in the United States, by 


States 
1952-56 (average) 1957 
State 
Bhort tons Value Short tons Value Short tons Value 
O ceeds 425, 820 | $3, 881, 704 477,327 | $4, 536. 827 182.779 | $1, 668, 039 
HE F (1) (1) 13, 144 182, 378 24, 812 271, 766 
COMMA. Sco „ 
Both Cnrolina..............- 111,883 | 1,613,322 175,072 | 2,982, 195 108, 511 2, 284, 561 
Han 
Missouri. . 222. le ee rere rre 338.593 | 3,554, 285 317.350 | 3,938. 486 199, 268 2, 666. 496 
E TEE 108, 711 650, 831 109, 663 720, 806 59, 407 402. 936 
Other Stutes . 50. 446 500. 560 53. 235 536. 727 30. 625 213. 299 
"Tolnl O esee mess 1, 035, 462 | 10,209, 792 | 1,145, 791 | 12, 897, 419 605, 402 7, 507, 097 
1959 1960 
Short tons Value Short tons Value Short tons Value 
Arknn ann 338, 530 | $3, 096, 583 277.851 | $2, 578. 164 277. 855 $2, 630, 028 
Culifortila lll llle ree. 25, 143 320, 301 16, 157 181, 019 21, 203 295, 225 
Georepla 0 
9 h Curolina...... lll... | 89, 484 1, 809, 367 119, 304 | 2, 347, 220 119, 591 2, 299, 482 
'T'ennesseol lll lle creer rer. 
NIS!!! 206. 003 3. 923. 651 180. 702 2, 587, 820 227, 323 3, 051, 663 
NUVv ud 91.208 DEI 973 3 86. 061 3 590, 910 129. 524 863, 183 
Other Stutas LL... 58, 258 21, 985 34, 201 289, 276 23, 289 172, 877 
N!!! 901,815 | 10, 300, 860 8 714, 276 | * 8, 574, 409 798, 785 9, 312, 458 


! Included with Other States to avoid disclosing individual company confidential data. 

Includes Arizona (1052 50), Idaho, Kentucky (1905961), Montana, New Mexico (1959-61), North Caro- 
lina, Peras (1961 only), Utah (1959 61), and Washington (1953-55, 1957-61). 

MRovised figuro. 
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CONSUMPTION AND USES 


There was some improvement in the domestic barite EE but 
continued curtailment in oil- and gas-well drilling kept activity below 
1951-57. The tonnage of domestic barite sold or used by producers in 
1961 increased about 12 percent over 1960. 

The quantity of crude barite, both domestic and imported, used in 
manufacturing crushed and ground barite, barium chemicals, and 
lithopone increased 17 percent over 1960. Sales of crushed and ground 
barite rose 6 percent chiefly because consumption in the well-drilling 
and glass industries increased. Oil- and gas-well drillers used 91 
percent of the crushed and ground barite and the glass industry, 3 
percent. 

Consumption of barite by manufacturers of barium chemicals and 
lithopone was down about 18,000 tons from 1960, a decrease of 10 
percent. Sales of most barium chemicals declined, but demand for 
the carbonate and the chloride increased slightly. 


TABLE 3.—Ground and crushed barite produced and sold by producers in the 


United States 
Sales 
Produc- 
tion 
(short Valne 
tons) {Short tons} (thou- 
sands) 


— ns | ore, | occ | cree | eee —— 


1, 198. 534 | 1, 209, 907 | $30, 431 
1 973, 089 976, 830 | 1 24. 219 
1, 101, 432 | 1,035, 782 | 25, 182 


PRICES 


During 1961, E£MJ Metal and Mineral Markets quoted the follow- 
ing prices on barite, f.o.b. cars: 


Georgia: Price 
Crude, jig and lump———— 2222 short ton $18 
Beneficiated, In bulk 2222222222222 do. 21 
Beneficiated, in bags 2222222222222 do 23.50 to $25 

Missouri: 

Crude ore, minimum 94 percent BaSO, less than 1 percent 

Fë i a ee ³ m AA eae ee short ton... 16 to 18 
Crude, oil well drilling, minimum 4.3 specific gravity, 

Ul! ³ðVꝗW ĩð2!u RAS short ton-- 18 

Some restricted splen 2222222222 do 11.50 

Ground, oil-well gerode 224õ«« 4 do 26. 75 
Water ground, and floated, bleached, carload lots, f. o. b. 

mine or Il short ton. 45 to 49 

Canada: 

Crude, in bulk, f.o.b. shipping point long ton-. 11 
Ground, in bags 2225 short ton 16.50 
Imported: 


Crude, oil well drilling, minimum 4.25 specific gravity, bulk, 
c.i.f. Gulf Ports, 
Before May 1122222222222 short ton. 16 to 18 
Beginning May 1122222222222 do 12.50 to 14 


Prices of all categories except imported crude oil-well-drilling barite 
had been unchanged since 1957. 
659873—62— —20 
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TABLE 4.—Crude barite (domestic and imported) used in the manufacture of 
ground barite and barium chemicals in the United States 


In manufacture of— 


(Short tons) 


In manufacture of— 


Year Barium Barlum Total 
chemicals chemicals 
and and 
lithopone 2 lithopone 2 
1952-56 
(average)... 194, 177 169, 606 1, 396. 239 
1957 AAA 169, 305 185, 201 3 1,190, 371 
195333. 142, 372 167, 218 1, 391, 399 


$ Includes some crushed barite. 
? Includes some witherite. 
§ Revised figure. 


TABLE 5.—Ground and crushed barite sold by producers, by consuming industries 


Industry 


—— k 
—— z: ĩ Nn e 
—— 2 PPP PI 
conan ——ͤ kn mee mee ee e mm 


Well drilling 
Glass 


——— 2 ———2—k ̃ AAA AA ee o ee e 


1952-56 (average) 1957 1958 


Short tons | Percent | Short tons | Percent 
of total of total 


Short tons | Percent 


1, 392, 394 95 95 
27, 595 2 1 

16, 179 1 1 
21, 782 1 2 

9, 167 1 1 

1, 467, 117 100 


Short tons Short tons 


ees | cme ies | eee o: | A 
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TABLE 6.—Barium chemicals produced and used or sold by producers in the 
United States 


(Short tons) 


Used by Sold by producers 
producers ! 
Chemical and year Plants | Produced in other 
barium 
chemicals ? | Short tons Value 
Black ash: 4 
1952-56 (a verage·ꝛ/ 11 128. 550 127, 079 2, 219 $177, 577 
c 9 112. 048 110, 900 1, 087 79, 47 
CCC 8 93, 539 81, 861 1, 351 126, 050 
RI O E damerd eer i 7 104, 740 102, 040 2, 947 289, 580 
(om RT ne eth bene eebe 9 116, 995 113, 466 3, 136 298, 741 
Fre 8 105, 117 102. 591 2, 363 228. 358 
Carbonate (synthetic): 
E 1 71. 673 26, 262 46, 237 4, 237, 747 
AAA e aa 6 74, 160 31, 056 42, 937 4, 335, 469 
T 6 60, 534 26, 835 35, 307 3, 753, 712 
P ne EE ESEE 6 77, 048 29, 398 47, 137 5, 099, 366 
1 6 77. 690 29, 392 46, 128 5, 010, 514 
ccc 7 78, 665 28, 599 47, 401 5, 119, 826 
Chloride (100 percent Balz): 
1062-56 (average) 3 12, 493 1, 292 11, 186 1, 596, 426 
11 —— ————— IS 3 888 9. 373 1. 538. 809 
„rr 4 BEN (EEN 8, 122 1, 328, 413 
EES E EA 4 (5) (5) (5) (5) 
1 ͤ——ͤ 3 e ` Wu SE ARO 9, 401 1, 535, 188 
PR SIA TEE 3 1808. 10, 290 1, 697, 606 
Hydroxide: 
1062-56 (average) 5 13. 865 282 13. 460 2, 579, 264 
AER 5 12, 698 162 12, 551 1, 915, 700 
OG HE acord e 4 9, 892 68 10, 093 1, 853, 900 
1111 5 14, 293 (5) 13, 914 2, 320, 522 
FFS 5 LE A PAM RR 14, 971 2, 336, 402 
e A 4 ITA rana 13, 873 2, 167, 245 
Oxide: 
1952-56 (average).......................- 3 15, 188 7, 388 7, 596 1, 707, 782 
IR INEA A 3 20, 452 5, 446 14, 159 2, 585, 193 
LATAS II CARAS EE 3 (5) (5) (5) (5) 
E d (5) (5) (5) 8 
MEM ones LI AAA A feel 3 i (8) (5) ü 
CC ETICA 3 5) (5) (5) 5) 
Sulfate (synthetic): 
1952-56 (average) ........................ 6 11, 725 112 11, 293 1, 422, 600 
188 ET ee Seen 4 e 8. 719 1. 281. 657 
AAA IRA e E pi 3 1 6, 628 844, 940 
renne 4 . VM 8 
K 4 „ (5 (5 
ee. 5 „ (5) (5) 
Other barium chemicals: ¢ 
1952-56 (a verugeĩv 8 4,716 904 3, 815 1,370, 591 
AER d 1, 252 137 93 517, 224 
e ( 18, 549 3, 213 13, 871 2, 778, 377 
o ESTARE EECH 8 43, 860 7, 798 34, 672 , 947, 992 
„ (7 30, 690 (8) 25, 464 4, 971, 000 
A PTI POR ES KE EECHER (7) 27, 878 (5) 23, 452 4, 557, 193 
Total: * 
e eee A IS A ME E 95. 806 | 13,091, 987 
cc ESA EA ` IN AE NES Hee? 89, 757 12, 253, 526 
BENE i AN A RAR TIA A EE AA 75, 372 10, 685, 392 
EE BS iran cro PE E ERIN 98, 670 13, 657, 460 
e rr 99, 100 14. 151. 845 
ZA E A ETA 97,379 | 13,770, 228 
1 Of any barium chemical. 
2 Includes purchased material. 
3 Exclusive of purchased material and exclusive of sales by one producer to another. 
t Black-ash data include lithopone plants. 
$ Included with “Other barium chemicals” to avoid disclosing individual com confidential data. 


$ Includes barium acetate, oxide, nitrate, peroxide, sulfate, and other uns 


chemicals mag not be revealed. 
? Plants included in above 


figures. 
* Figure withheld to avoid disclosing {individual company confidential data. 


9 A plant 


compounds. Specific 


producing more than 1 product is counted only once in arriving at grand total. 
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TABLE 7.—Price quotations for barium chemicals in 1961 


January- 
December 
Barium carbonate, precipitated, bags, carlots, works short tons.. $111. 50 
Smaller lows: MO a MEE RE E MES Onis 126. 50 
Barium chlorate, drums, work pound.. . 82-. 41 
Barium chloride, anhydrous, bags, carlots, works. short tons.. 176. 00 
Iss carlots; WORKS oic cues ³·1qq q⸗ / ³⁰ dd Ad dd do.... 
Darium dioxide (peroxide), drums, freight equaled : pound.. .20 
Barium hydrate, crystals, bass, carlots, truckloads, freight equaled short tons.. 
Less carlots, less truckloads freight equaled. wu eee Ll lll. do.... 218. 00 
Barluin nitrate, barrels, carlots, truckloads, delivered 2222 pound.. . 16 
Less carlots, less truckloads, delivered H lk eee ene ee eee do.... . 17 
Barium oxide, ground, drums, carlots, truckloads, freight equaled.............. short tons... 275. 00 
Less carlots, less truckloads, freizht egugled. ee eu E eee ee 0 285. 00 
Blanc fixe, direct process, bags, carlots, works. do.... 160. 00 
))); eege do.... 170. 00 
New orn. do 215. 00 
Lithopone, ordinary, bas, carlots, delivered ——— lel e cL Lee eee ee pound.. 1. 0834 E 
Less Carlots< dd eese ana do. 1,094 E 
Lithopone, titanated (high-strength), bags, carlots, delivered do.... .11 
Less Carlots delivered ett g reese ege es do.... .12 


1 E = East. 
Source: OU, Paint and Drug Reporter. 


FOREIGN TRADE * 


Imports.—Imports of crude barite were 5 percent less than in 1960 
and again came principally from Canada, Mexico, and Peru. "These 
three countries furnished 64 percent of the total. All the imported 
crude barite entered the United States through four Gulf Const ports: 
New Orleans, La., 45 percent ; Laredo, Tex., 31 percent; Sabine, Tex., 
14 percent ; and Galveston, Tex., 10 percent. 

The quantity of ground barite imported was the largest since 1944. 
Virtually all of this came from Canada; West Germany, the other 
supplier, provided less than 1 percent of the total. 

Crude witherite was imported from the United Kingdom and 
Japan, and crushed or ground witherite was imported from Canada, 
West Germany, and Italy. 

Total imports of barium chemicals declined 8 percent from 1960 
although imports of barium nitrate increased to a record quantity. 
The net loss was attributed mostly to appreciable decreases in im- 
ports of blanc fixe and precipitated barium carbonate. West Ger- 
many supplied 82 percent of the tonnage of imported barium chemi- 
cals; France and the United Kingdom, 5 percent each; and Italy, 
3 percent. The remaining 5 percent came from the Netherlands, 
U.S.S.R., Belgium-Luxembourg, Spain, Switzerland, and Japan. 

Exports.—Lithopone exports, more than triple the 1960 volume, were 
the highest since 1958. Viet-Nam took 71 percent of the total and 
Aden and Canada, about 11 percent each. The remaining 7 percent 
was shipped to Venezuela, Guatemala, Panama, and the Philippines. 

a Figures on Imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 


rion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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TABLE 8.—U.8. imports for consumption of barite, by countries 


1960 1961 


Short tons Value Short tons Value 


es | eee —— | ee 


Crude barite: 
North America: 
Canada 2 é ͤ A E 112. 833 $977, 759 145. 043 $1, 232, 892 
E E aie ugiat. 336 „ EE 
e ³⁰˙¹i1iꝛöꝛ˙⅛dn ⁰ [ͤ3à m e ccc ees 165, 864 1,121, 877 133, 733 1. 076. 905 
Total........ EE 279, 033 2, 102, 486 278, 776 2, 309, 797 
South America: 
BAU EE, 23, 303 216, 282 19, 351 150, 490 
POF WEE eT 112, 744 1,131, 634 109, 986 1, 039, 056 
Total BEE 136, 047 1, 347, 916 129, 337 1, 189. 546 
Europe: 
p ß A dua P 1 105, 875 1 689, 854 03, 026 415, 219 
A ß 6, 468 60, 06) 7, 276 90, 940 
Bpall. 2s ] ˙¹ ͤ A 13, 741 108. 125 10. 204 112. 542 
Yugoslavia ee 45, 426 348, 337 60, 401 537,714 
Jo A IA 1 171,510 |! 1,106, 376 141. 807 1, 156, 415 
Africa: Morocco —- ccce cce eee 55, 092 449, 238 58, 240 528. 989 
Grand tel. 1 641,682 11 5,006,016 6^8, 160 5, 184, 747 
Ground barite: 
North America: Canada 13 406 6, 935 503, 262 
Europe: Germany, West 33 1, 624 33 1, 653 
Total............-- E EE 46 2, 030 6, 968 504, 915 
Revised figure. 


Source: Bureau of the Census. 


TABLE 9.—U.8. imports for consumption of barium chemicals 


Blanc fixe 
(precipitated 
barium sulfate) 


Lithopone Barium chloride | Barium hydroxide 


Short Value 


Value Value 


tons 
$64. 771 1 $51, 370 61 $12. 568 
115. 627 1 120. 080 113 18. 905 
103. 865 129. 159 161 25, 832 
122. 067 134. 653 232 35. 104 
124. 093 91. 843 39 16,172 
122, 174 93, 105 11 1, 880 
Barium carbonate Other barium compounds 
precipitated 
Value Short tons Value Short tons Value 
1952-56 (average) 1 $49. 537 1, 696 $118. 022 584 1 $121, 119 
¡AAA 120.075 1,543 105. 046 61 22. 209 
1958 aio crac 107. 724 322 23. 350 38 26. 415 
C AA 89. 822 1. 895 127. 734 55 41. 823 
1900... —ꝛ 106. 818 1. 406 104. 674 172 132. 294 
. 128. 120 1. 190 86. 123 160 111, 427 


3 Data known to be not comparable with other years. 
Source: Bureau of the Census. 


302 MINERALS YEARBOOK, 1961 


TABLE 10.—U.8. imports for consumption of crude, unground, crushed or ground 


witherite 

Crude unground Crushed or ground 
Year A E 88 

Short tons | Value! | Short tons | Value! 

NR «ose cee ii 8, 963 $140, 779 (2) (3) 
P) ⁵ A ⁵ E E 3. 029 138, 494 8 $533 
I058 EE 2, 240 108, 119 202 15, 610 
juo SE 2, 552 113, 229 478 
1000 EE 1, 344 59, 257 50 3, 246 
kr NEE 41,716 67, 280 87 22, 659 
1 Value at port of shipment. 


3 Class established June 1, 1956; no transactions. 
3 Less than 1 ton. 
* Adjusted by tbe Bureau of Mines. 


Source: Bureau of the Census. 


TABLE 11.—U.8. exports of lithopone 


Value 
Short 
Year tons 


Total Average 
per ton 


1952-56 (average). 4, 041 $642, 340 | $158.96 || 1959.............. $99. 578 $185. 09 
1957... cocer 991 177, 891 179. 51 ee 35, 160 185. 05 
188. 122. 462 199. 77 || 1901............-. 87, 905 144. 58 


Source: Bureau of the Census. 


WORLD REVIEW 


World production of barite was estimated at 3 million tons, about 
the same as for the previous 3 years. Output was known to have 
come from 36 countries in 1961. 


NORTH AMERICA 


Canada.—Sheep Creek Mines, Ltd., recovered barite as a byproduct 
of its lead-zinc operations at the Mineral King mine near Invermere, 
British Columbia. During the fiscal year ended May 31, 1961, the 
company recovered 4,735 tons of barite valued at Can$35,512.* 

A report on the Canadian barite industry included a history of pro- 
duction, a description of the principal deposits, and a discussion of 
pertinent technology and marketing.* 

Mexico.—Exports of barite in 1960 totaled 172,600 tons valued at 
„ compared with 174,400 tons valued at US92, 302,080 
in 1959.“ 


Canadian Mining and Metallurgical Bulletin (Montreal). Monthly Correspondence. 
V. 54, July 1961, Ry. 568-569. 

5 Rosa, J. S. e Barium Minerals Industry in Canada. Canada Dept. Mines and 
Tech. Surveys Inf. Circ. 126, Ottawa, September 1960, 60 pp. 

* Bureau of Mines. Mineral Trude Notes. V. 53, September 1961, p. 5. 
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TABLE 12.—World production of barite, by countries ** 


(Short tons) 
Country ! 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 
eene MR 235, 854 228, 048 195, 719 238, 967 154, 292 177, 954 
Cuba (exports) .................. 981 22, 796 LH. 0 A y eeeeen ete 
Medien... ee 81, 704 579. 646 397, 550 314, 933 315, 627 277. 046 
United States 1,064, 980 | 1,304, 542 486, 287 867, 201 771, 318 731, 381 
TAL A 1, 383, 519 | 2,135,032 | 1,091,487 | 1,421,101 | 1,241,237 | 1,186, 381 
South America: 
Argentina 19. 541 25, 264 18, 716 19, 842 2 20, 000 2 20, 000 
¡A 8 11, 403 55, 349 68, 630 56, 009 43, 826 4 46, 729 
Chl A A See eee nese 2.045 860 3 880 3 880 3 880 3 880 
Colombia 7. 587 6. 963 14, 330 11.023 8, 047 3 8.000 
PH. eg 12, 104 95, 388 117, 943 105, 557 120, 813 122, 538 
VV EE 52, 680 183, 824 220, 499 193, 311 193, 566 198, 147 
Austria (marketable) ............ 4,076 3, 902 4, 697 4, 067 4, 876 3. 375 
a o²⁰ꝛmAꝛ¹ rr ⁰⁰ 54. 961 84, 426 133, 934 95. 259 99. 208 3 99. 200 
Germany, West (marketable).... 395. 422 472, 518 409, 105 428. 304 517.657 | 3535, 000 
¡e A ees 25, 619 143, 549 169, 629 143,014 | 2 165,000 | 130. 000 
n A 3. 810 11, 231 8,736 9, 369 9, 890 7,627 
EEN 88, 266 124, 945 122, 976 133, 734 157, 925 140. 308 
Poland. cccecu sec occ ce caceeossc 5 11, 960 3 12, 400 3 12, 400 3 12, 400 2 12, 400 41,161 
Portugal ......-.---.....-.------ 424 853 1,351 3, 760 4,310 3 4, 300 
Sl A 13, 459 20, 287 31, 408 28, 186 28, 506 3 28, 000 
Sweden /// õ AVV 
PA RR gg stade eieieteg 110, 000 110, 000 130, 000 130, 000 140, 000 140. 000 
United Kingdom eebe 83. 056 87, 280 66. 139 68, 408 67, 431 82. 021 
Yugoslavia. ..................... 90, 895 133, 137 103, 801 118, 267 120, 691 126, 766 
Ten!!! -----.-...--.-- 914, 000 | 1,240,000 | 1, 230, 000 | 1,210,000 | 1,360,000 | 1,370,000 
Asia: 
lll A m. A AAA 1. 120 1.792 2. 248 
C»I scecacssecstesceticce (7) O 3 55, 000 3 55, 000 3 65, 000 3 90 
EE 11, 683 14, 462 17, 536 14, 939 14, 976 16, 794 
EE 19, 361 27, 514 16, 510 21, 331 25, 184 , 232 
Korea Republic of. , A 
. , | Ó 342 569 709 489 
Philippines F 1 5,045 6, 088 64 186 6, 198 2, 109 
KI d VE EE 2,111 6, 035 2, 513 1,653 |.......... 
Total $ A 53, 400 83, 000 96, 000 96, 000 116, 000 145, 000 
Africa: 
Algeria: A Ee su EUe 23, 852 54, 261 67, 911 24, 038 53, 192 29, 728 
Morocco) 14, 705 16, 276 47,060 40, 574 ; 90, 610 
Rhodesia and Nyasaland, Fed- 
eration of: Southern Rhodesia.. TIA Keessier A4 N 
Bwaziland.....................-.. 445 351 480 461 200 454 


! Barite is uced in Czechoslovakia, East Germany, and North Korea, but data on production are not 
available. Estimates by author of chapter included in total. 

* This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Estimate, 

4 Exports. 

3 Average annual production 1955-56. 

* Includes witherite. 

Data not available; estimate by senior author of chapter included in total. 

$ One year only, as 1956 was first year of commercial production. 


Compiled by Liela 8. Price, Division of Foreign Activities. 
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SOUTH AMERICA 


Brazil.—Crude barite was produced at Camamú, Bahia, by Pig- 
mentos Minerais Industrial e Comercial Pigmina, S.A. Local con- 
sumption of barite increased to 7,119 tons in 1961 from 2,837 tons in 
1960, but exports decreased to 45,294 tons from 52,592 tons. 

Chile.—Darite had been mined for several years in the area from 
Santiago to Arica. Total production was small and was consumed by 
local paint and chemical industries. Chilean barite deposits are nu- 
merous and of high quality but are small and occur as pockets. Cía. 
Minera Indiana held leases in the Chanaral and Copiapó regions.’ 


TABLE 13.—Exports of crude barite from State of Bahia, Brazil 


1960 1961 
Country of destination 99... oe 
Short tons Value Short tons Value 
ET oe ß. . Be 1,070 | US$16. 113 500 US$7, 258 
Ill ³ĩoW6¹A. ae eas ate Sate 24. 495 199. 998 28, 891 235. 890 
(BO LE i ]ĩĩr C Hes a 20. 652 168. 624 15, 903 129, 843 
KETTER 6. 305 / ⁰ ee A A 
TOCA A IIA 52, 522 436, 215 45, 294 372, 991 


Source: Bureau of Mines. Mineral Trade Notes. V. 54, May 1962, p. 7. 


Peru.—Total barite production in 1960 and 1961 came from mines 
in the Rimac Valley operated by two firms, Barmine Co. and Cia. 
Perforadora de Pozos para Irrigación, S.A. Barite continued to be 
the only nonmetallic mineral exported in appreciable quantities. 
These exports in 1961 were down 2 percent from 1960. 


TABLE 14.—Exports of crude barite from Peru 


1961 3 


1960 1 


Country of destination 


Short tons Value Short tons Value 


— | — | EH EH 


112, 845 [US$950. 948 110, 122 | US$914, 159 
935 3.87 17,577 


RETTEN 13. 875 1, 252 $ 
CHI M ies AI ERE a satia 1, 250 17, 577 951 13, 361 
M/ ³oÜAiAmAà AAA Eu ELE eS 115, 080 112, 325 945, 097 


t Bureau of Mines. Mineral Trade Notes, V. 53, August 1961, p. 9. 
2 U.S. Embassy, Lima, Peru. State Department Dispatch 627, Apr. 25, 1962, encl. 1, p. 4. 


EUROPE 


Ireland.—A bout 1,600 tons of barite was shipped to Liverpool, Eng- 
land, from old mines at Derryginnock, near Bantry, County Cork. 
The ore had been mined years before and stockpiled near the surface.* 

U. S. S.R.— Barite to supplement domestic production was obtained 
from North Korea and Yugoslavia. Short tons imported in 1959 and 
1960, were 14,330 and 44,092, respectively, from North Korea and 
21,826 and 22,487 from Yugoslavia.? 

T Bureau of Mines. Mineral Trade Notes. V. 53, August 1961, p. 8 


* Mining Journal (London). Mining Miscellany. V. 257, Aug. 25, 1961, p. 193. 
9 Bi reau of Mines. Mineral Trude Notes. Supplement 61. V. 54, April 1962, pp. 39, 82. 
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Yugoslavia.—The Geological Institute at Belgrade reported the dis- 
covery of barite deposits at Brezak and Donje Livade near Cacak, 
about 75 miles southeast of Belgrade. Reserves were estimated at 
1.2 million tons. 

Exports of crude barite in 1961 declined 21 percent from 1960 to 
71,620 tons, much of the decrease resulted from decreased exports 
to the United States. However, purchases by Czechoslovakia, East 
Germany, Hungary, France, an est Germany also declined. Ex- 
ports of ground barite decreased 11 percent to 11,426 tons." 


ASIA 


India.—The Government of India granted a license for a plant to 
manufacture barium chemicals. The facilities were to be set up near 
Tirupati with British assistance.!? 


AFRICA 


Morocco.—Exports of barite increased from 39,936 tons in 1959 to 
66,630 tons in 1960 and were shipped as follows: 


Destination : Short tons 
BFI... A 3,077 
p A p 3, 858 
Srl ³o¹ -æꝓꝓSm . ae 4 
Ir ⁵⁰˙ —¹́Ü 6¹ö d 386 
Nebel ³ ðA ee 12, 123 
United: ingndgeeſnddddddddddddddddddddddd RUNI MI Eu mae 9, 065 
United Stites. A pm 8 38, 071 


Source: Bureau of Mines. Mineral Trade Notes. V. 53, October 1961, pp. 4-95. 


Swaziland.—The only barite producer continued to be Swaziland 
Barytes, Ltd., operating the Londosi mine, northeast of Oshoek near 
the Transvaal border. A reserve of more than 1 million tons in four 
veins, whose widths range from 10 to 49 inches, was indicated through 
one by the Geological Survey. The main zone is 89 percent barium 
sulfate.*? 

United Arab Republic (Egypt).—Barite deposits were reported in 
igneous rocks southeast of Aswan and at Gebel Araf, Wadi Deeb, and 


Gebel Bakriya in the Eastern Desert.“ 
TECHNOLOGY 


Barite was recovered by flotation during processing of the lead-zinc- 
copper ore of the Rammelsberg mine near Goslar, West Germany.“ 
uperior results in froth flotation of barite were claimed for use 

of a flotation agent composed of a mixture of an alkali metal salt of 
an alkyl half-sulfate ester containing 8 to 20 carbon atoms in the 


10 Bureau of Mines. Mineral Trade Notes. V. 53, December 1961, E 8. 

1 E&MJ Metal and Mineral Markets. Yugoslav Barite Exports to U.S. Decline Sharply. 
Y. 33, Apr. 12, 1962, pp. 3, $. 

12 Chemical Age (London). U.K. Aid for Indian Barium Chemicals Project. V. 86, 
Dec. 30, 1961, p. 1019. 

33 Bureau of Mines. Mineral Trade Notes. V. 53, November 1961, p. 9. 

ee neering and Mining Journal. In the Middle East. V. 162, July 1961, pp. 136, 


15 Mine and Quarry Engineering (London). Processing the Rammelsberg Ores. V. 27, 
October 1961, pp. 452—461. 
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alkyl portion and an alkali metal salt of a fatty acid containing 8 to 
20 GE atoms.“ In another process developed to recover barite 
by flotation, saponified tall-oil pitch was used as a low-cost collector.** 
A proposed method of recovering barite from drilling fluids comprised 
removing soluble components by washing with water, eliminating 
insoluble components such as bentonite and rock cuttings by elutria- 
tion, thickening the remaining heavier fraction, and recovering the 
barite from thickened material by froth flotation.” 

Barium values were recovered from compounds such as barium 
sulfate, barium sulfite, and barium carbonate by heating the particular 
compound with silica to form a barium silicate with a barium-to- 
silicon ratio greater than 1.1 to 1 and leaching the silicate with a 
solution containing initially about 20 percent barium hydroxide.’ 

A number of barium silicates were synthesized, with and without 
adding mineralizers. Mineralizers improved the mechanical proper- 
ties of the silicates but did not affect their dielectric properties ap- 
preciably in most instances? Reaction rates of barium with oxygen 
and nitrogen were measured as a function of temperature and pres- 
sure, and tentative reaction mechanisms were proposed." In phase 
studies of the barium oxide-columbium pentoxide system, five binary 
compounds were observed, and one was postulated.  Heats of solu- 
tion were determined for barium chloride solutions at various concen- 
trations over a range of temperatures, and results were used to 
calculate heat capacity data.” 

Methods reported for the chemical analysis of barium compounds 
included precipitation,“ ion exchange,“ flame spectrophotometry,* 
and scintillation counting.” Barium and other constituents in an 
optical glass were determined by a series of titrations.” 

Darite was used as a major ingredient in concrete blocks for 
radiation shielding * and in a composition for casting into high- 
strength structural shapes.“ 


16 Henderson, R. A. Flotation of Barite. U.S. Pat. 2,970,692, Feb. 7, 1961. 

Y Bishop, W. T. Froth Flotation Process. U.S. Pat. 2.987.183, June 6, 1961. 

18 Talbot, C. F. Process for Reclaiming Barite From Waste Drilling Fluids. U.S. Pat. 
2,982.401, May 2, 1961. 

1 Coma, J. G., and M. C. Marcellus. Leaching of Barium Silicates Containing Water- 
Soluble Barium Salts. U.S Pat. 2.983.579. May 9, 1961. 

2 Sergeeva, V. I., V. B. Glushkova, and E K. Keler. (Technical Physical Properties of 
Barium and Strontium Silicates.) J. Appl. Chem. (U. S. S R.). v. 84, January 1961, pp. 
212-214: English trans. by Consultants Bureau Enterprises, Ine. 

n Chandrasekharainh, M. S., and J. L. Margrave. The Kinetics of Oxidation and Nitri- 
dation of Lithium, Calcium, Strontium, and Barium. J. Electrochem. Soc., v. 108, No- 
vember 1961, us 1008-1012. 

2 Roth. R.S. and J. L. Waring. Phase Equilibrium Relations in the Binary System 
Barium Oxide-Nloblum Pentoxide. NBS J. Rer., v. 65A, July 1961, p: 337-344, 

2 Criss, C. M. and J. W. Cobble. Thermodynamic Properties of High-Temperature 
Aqneons Solutions; Standard Partial Molal Heat Capacities of Sodium Chloride and 
Bartnm Chloride From 0° to 100°. J. Am. Chem. Soc., v. 83. Aug. 5. 1961. pp. 3223-3228. 

%*Firsching, F. H. Precipitation of Barium Sulfate From Homogencous Solution Using 
Complexation and Replacement. Anal. Chem., v. 33, December 1961, pp. 1946-1947. 
Norwitz, G. Assay of Barium Compounds by Precipitation of Barium Chromate From 
Homogeneous Solution. Anal. Chem.. e 33, February 1961, pp. 312-313. 

3 Wish. L. Quantitative Radiochemical Analysis by Ion Exchange; Calcium, Stron- 
tlum. Barium. Anal. Chem., v. 33, January 1961 PP. 53-55. 

2 Dean, J. A., J. C. Burger, T. C. Rains, and H. E. Zittel. Flame Spectrophotometrie 
Study of Barium. Anal. Chem., v 33. November 1961, pp. 1722-1727. 

f Lane, W. B. Method of Determining Barium 140 and Lanthanum 140 in a Mixture 
of the Two Radioisotopes. Anal. Chem., v. 33, March 1061, p. 478. 

* Malat. M., and V. Mucka. Determination of Thorium, Lanthanum, Barium, and 
Boron in a Rare-Element Nonsilica Optical Glass. Chemist-Analyst, v. 50, October-De- 
cemher 1961, DÉI 110-111. 

2 Technical Survey. Nucleonica. V. 17, Mar. 18, 1961, p. 195. 

æ Atkin, O. W. (assigned to American Nuclear Shielding Corp.). Building Materials, 
U.S. Pat. 8,006,777, Oct. 31, 1961. 
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A review of the literature on applications of barium chemicals was 
published." Barium carbonate and barium soaps of long-chain fatty 
acids were used in manufacturing lubricating greases.?? 

Oxide systems containing barium oxide were studied for composi- 
tions useful in developing frits and glazes for ceramic bodies.* Highly 
refractory properties and good chemical stability were reported for 
barium zirconate ceramics.“ 

The history, characteristics, advantages, and production methods 
of barium ferrite ceramics as material for permanent magnets were 
described briefly.” Barium ferrite permanent magnets that were pre- 
pared from compositions containing small additions of lead oxide 
exhibited lower sintering temperatures, higher residual inductance 
and higher coercive forces than ordinary barium ferrites.* Usefu 
single crystals of barium ferrite were grown from a sodium carbonate 
flux of the constituent oxides" Microwave properties of single-crystal 
barium ferrite were reported.“ 

Continued interest in barium titanates was shown by a number of 
reported methods of preparation * and other published results of 
research on these compounds. The properties of single-crystal barium 
titanate were studied,“ the effect of composition on the properties of 
substituted barium titanates was investigated,“ and the fabrication 


* Food Machinery and Chemical Corp. Barium Bibllography—A Comprehensive Sur- 
vey of the Literature on SE of Barium Compounds. 1961., 433 pp. 

Myers, Herbert, and F. P. Otto (assigned to Socony Mobil Oil Company, Inc.). Col- 
loidal Barium Carbonate Dispersion and Barium Soap—Barium Carbonate Grease Com- 
position. U.S. Pat. 3,010,897, Nov. 28, 1961. 

Wilson, John W., Jr. (assigned to Socony Mobil Oi! Company, Inc.). Barium CC 
Soap—Barium Carbonate Grease Composition and Process for Forming Same. U.S. Pat. 
3,010,898, Nov. 28, 1961. 

* Watts, A. S. Control of the t roperties of Glazes by the Aid of Eutectics: III. The 
Alkaline Earth—Boric Oxide-Silica ER Separately and in Combinations. J. Am. 
Ceram. Soc., v. 44, June 1961, pp. 272-276. 

* Keler, E. K., and A. K. Kuznetsov. (Synthesis and Physicotechnical Properties of 
Strontium and Bar U.S.S.R.) 

1961, PR. 2146-2153; U.S. Dept. of Commerce, Current Rev. of the Soviet Tech. Press, 
ec 


* 0 R. 
12, May 1961. . 5-7, 10-13 
bs Schieber, Mie i. 


Ceram. Soc., v. 44, May 1961, pp. 221—224. 
W : ii, and J. B. Y. Tsui. Ferrimagnetic Resonance of Single- 
SEA apam Ferrit in the Millimeter Wave Region. J. Appl. Phys., v. 32, August 
, PP. - : 
» Di Vita, Sam, and R. J. Fischer (assigned to the U.S. Army). Method of Producing 
Barium Titanate. U.S. Pat. 2,985,506, May 23, 1961. 
Malinofsky, W. W. (assigned to the U.S. Army). Method of Preparation of Barium 
Titanate Powder. U.S. Pat. 2,976,116, Mar. 21, 1961. 
Suchoff, L. A. (assigned to the U.S. Army). Method of Producing a Coating of Barium 
Titanate. U.S. Pat. 3.002,861, Oct. 3, 1961. 
Walsh . d. er) Mie to Monsanto Chemical Co.). Barium Titanate. U.S. Pat. 
2,988.423, June 13, 1961. 
“ Fatuzzo, B., and W. J. Merz. Surface Layers in Barium Titanate Single Crystals. 
J. Appl. Phys., v. 32, September 1961, pp. 1685-1687. 
Link, G. L. Motion of "C" Domain Centers in Barium Titanate J. Appl. Phys., v. 
32, December 1961, pp. 2566-2573. 
Miller, R. C., and A. Savage. Motion of 180° Domain Walls in Barium Titanate Under 
me Application of a Train of Voltage Pulses. J. Appl. Phys., v. 32, April 1961, pp. 


Schlosser, H., and M. E. Drougard. Burface Layers on Barium Titanate Single Crystals 
Above the Curie Point. J. Appl. Phys., v. 82, July 1961, pp. 1227-1231. 

*" Ern, V., and R. E. Newnham. Effect of WO, on Dielectric Properties of BaTiO, 
Ceramics. J. Am. Ceram. Soc., v. 44, April 1961, p. 199. 

Saburi, Osamu. Semiconducting Bodies in the Family of Barium Titanates. J. Am. 
Ceram. Soc., v. 44, February 126), pp. 54-63. 

Tennery, V. J., and R. Cook. Investigation of Rare-Earth Doped Barium Titanate. 
J. Am. Ceram. Soc., v. 44, April 1961, pp. 187—193. 
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and uses of barium titanate ceramics were reported.“ An X-ray study 


was made of a barium-titanium-phosphate compound previously found 
to be luminescent.“ 


42 Gravley, C. K. 925 Age to Clevite Corp.). Prestressed Dielectric Ceramic Bodies, 
U.S. Pat. 2,972,176, Feb. 21, 1961. 

Hanel, R. A. Dielectric Bolometer—A New Type of Thermal Radiation Detector. J. 
Opt. Soc. Am., v. 51, February 1961, pp. 220-224. 

Marks, G. W., and D. A. Hanna. Quantitative Study of Low-Frequency Hysteresis 
Loops of Polarized Polycrystalline Barium Titanate. ommunication and Electronics, 
January 1961, pp. 799-808. 

Plessner, K. W., and R. West (assigned to British Dielectric Research, Ltd.). Ceramic 
Lielectric Materials. U.S. Pnt. 2,980,546, Apr. 18, 1961. 

Quehl, H. E., Jr. (assigned to E. I. du Pont de Nemours and Co., Inc.). Dielectric 
Heating Sealing Blanket. U.S. Pat. 2,969,327, Jan. 24, 1961. 

33 Harrison, D. E., and G. Shirane. Crystal Growth and Structural Study of the Barium- 
Titanium-Phosphate Phosphor. J. Electrochem. Soc., v. 108, August 1961, pp. 788-790. 


Bauxite 
By Kenneth B. Higbie,* Arden C. Sullivan,? and Mary E. Trought ? 


A 


ORLD production of bauxite increased 8 percent in 1961. 
Wis. imports reached a record high, increasing 5 percent over 

the preceding year. Total supply of bauxite for domestic con- 
sumption exceeded 10 million tons for the second successive year. 
Jamaica continued as the leading world producer and supplied 54 per- 
cent of the U.S. imports. 

Domestic production declined 39 percent and composed 12 percent 
of the domestic supply of new bauxite. About 3.9 million short tons 
of alumina and aluminum oxide products was produced from bauxite. 
Production of aluminum consumed 88 percent of the bauxite used. 
(Aluminum metal is discussed in the Aluminum chapter of this 
volume). 


TABLE 1.—Salient bauxite statistics 
(Thousand long tons and thousand dollars) 


1952-56 1957 1961 
(average) 


— eo — | cdi —— EH 


United States: 
Production, crude ore (dry equiv- 


CH AA A 8 1,755 ; i 1 ; 1, 228 
AAA eu iud E et EE eie ede $14,054 , E f : $13, 937 
Imports for consumption !............ 4, 646 7,915 9, 206 
Exports (as shipped).................. 23 1 151 
Consumption (dry equivalent)........ 6, 205 633 85 8, 621 
World: Production....................... 15, 675 


1 Includes bauxite imported for Government account. Import figures for Jamaican, Haitian, and Do- 
minican Republic bauxite included were adjusted by Bureau of Mines to dry equivalent. Other imports, 
which are virtually all dried, are on an as-shipped basis. 

3 Revised figure. 


DOMESTIC PRODUCTION 


Production of crude bauxite in the United States was 1.2 million 
long tons, dry equivalent, and was valued at $13.9 million. Produc- 
tion decreased 770,000 tons or 39 percent, and shipments to con- 
sumers from mines and processing plants decreased 531,000 tons, or 
32 percent from 1960. 

kansas production was 96 percent of the total U.S. output. The 
two leading producers in Arkansas were Aluminum Company of 
America (Alcoa) and Reynolds Metals Co., and each shipped crude 
ore to its own alumina plant American Cyanamid Co. and Norton 


1 Commodity specialist, Division of Minerals, 
3 Statistical assistant, Division of Minerals, 


309 


310 ^ MINERALS YEARBOOK, 1961 


MILLION LONG TONS 
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20 


World production 4 
"4 


U.S. producrio 
plus im ports 


fe] Ule cete". "ee y'en E % 0,0. 0,0 6.0.0 0,0, V 9 9 IIS hex dx x 
1935 1940 1945 1950 1955 1960 1965 
FiourÍB 1.—U.8. supply and world production of bauxite, 1935—61. 


Co. shipped crude bauxite to consumers. Dried ore was procuri 
by Campbell Bauxite Co. and Stauffer Chemical Co. Activated 
bauxite was produced by these same two companies and also by 
Porocel Corp. 

D. M. Wilson Bauxite Co., R. E. Wilson Mining Co., and Harbison- 
Walker Refractories Co. operated bauxite mines in Barbour and 
Henry Counties, Ala., and American Cyanamid Co. mined in Bartow, 
Floyd, and Sumter Counties, Ga. Together they produced 49,000 
long dry tons of ore, a 26-percent decrease from 1960. Crude ore 
was shipped to consumers by D. M. Wilson Bauxite Co. The other 
mu companies processed their crude ore to produce dried or calcined 

auxite. 

Alcoa put on stream its new hydrogen fluoride plant at Point 
Comfort, Tex.“ This represented a replacement rather than new 
5 Alcoa had shut down its fluorine operations at East St. 
Louis, III., in 1960. Capacity of the new plant was 25,000 tons per 
year. Kaiser Aluminum & Chemical Corp. announced plans to build 


% Chemical & Engineering News, v. 40, No. 5, Jan. 29, 1961, p. 30. 
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its own 15,000-ton-per-year plant. Inasmuch as Reynolds was 
already producing hydrogen fluoride, the three major aluminum pro- 
ducers will have their own plants to supply their needs of fluorides, 
furnished as synthetic cryolite, for the electrolytic reduction opera- 
tions. 

Kaiser's alumina plant facilities at Baton Rouge, La., were expanded 
in 1961 to permit a fivefold increase in productive capacity for tabular 
alumina products. 

Harvey Aluminum Inc., announced it was planning to build in the 
Caribbean area an alumina plant, which would have production 
capacity of 150,000 tons of alumina per year. 


TABLE 2.—Mine production of bauxite and shipments from mines and processing 
plants to consumers in the United States 


(Thousand long tons and thousand dollars) 


Mine production Shipments from mines and 
processing plants to consumers 
State and year EE 
Crade Dry Value! | Asshipped Dry Value! 
equivalent equivalent 
Alabama and Georgia 
1962-56 (average).......... 76 60 $519 59 $650 
7 8 77 50 554 67 62 672 
. AA 67 83 504 61 58 630 
1050 EE 89 69 677 63 61 678 
100; 8 82 66 638 49 51 577 
¡E ANO 60 49 475 40 43 498 
Arkansas: 
1952-56 (average) 2, 003 1, 695 13, 535 1, 038 1, 605 14,771 
17 1, 625 1, 357 12, 314 2, 004 1, 696 16, 476 
po Ku NM EDEN 1,517 1, 258 12, 311 1, 588 1, 348 373 
JJ ͤ eue eene 1. 940 1. 631 , 048 1, 827 1, 580 , 960 
10 8 2, 327 1, 932 , 469 1, 876 1, 603 18, 982 
i!! 1, 419 1, 179 13, 462 1, 244 1, 080 13, 220 
Total United States: 
1952-56 (average).......... 2, 079 1,755 14, 054 2, 001 1, 754 15, 421 
DU y A A 1, 702 1, 416 12, 868 2, 071 1, 758 17, 148 
(e EE 1, 584 1,311 12, 815 1, 649 1, 406 , 003 
Mee 2, 029 1, 700 17, 725 1, 890 1, 641 18, 638 
1000 EE 2, 409 1, 998 21, 107 1, 925 1, 654 19, 559 
RE 1,479 1, 228 13, 937 1, 284 1, 123 13, 718 


1 Computed from selling prices and values assigned by producers and estimates of the Bureau of Mines. 


TABLE 8.—Recovery of dried, calcined, and activated bauxite in the United States 


(Long tons) 
Processed bauxite recovered 
Year Crude ore Total 
treated Calcined 
Dried or 
activated As Dry 
recovered | equivalent 

1952-56 (average).....-.-.-.---.-.-.-.--..- 272, 046 170, 552 31, 249 201, 801 219, 018 
A DUE 187, 921 128, 509 13, 093 141, 602 147, 
e EE 192, 921 92, 111 44, 394 136, 505 151, 072 
Ee md 215, 008 85, 833 60, 135 145, 968 171, 187 
ee ß 186, 004 46, 015 58, 373 104, 147, 079 
e Eege 153, 321 30, 202 55, 242 85, 444 992 
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CONSUMPTION AND USES 


Dornestic emmsumption of bauxite decreased 3 percent. Of the 
total consumed, 55 percent came frorn foreign sources. Jamaican- 
type ore (from Jamaica, Haiti, and the Dominican Republic) provided 
56 percent, of the total consumption; Surinarn-tvpe ore (from Surinam 
and British Guiana) supplied 32 percent. Domestic sources provided 
the remainder. 

Shipments of domestic ore (which serve as an index of the grade 
of ore con«urned) containing less than 8 percent silica were 7 percent 
of the total, an increase from the 4 percent shipped in 1960. The 
proportion of ore containing 8 to 15 percent silica decreased from 
65 percent in 1960 to 58, and the proportion of the ore containing 
more than 15 percent silica increased to 35 percent. 

The eight domestic alumina plants operated by the aluminum 
companies produced 3,844,000 short tons of calcined alumina and 
aluminum oxide products calculated on the basis of the calcined 
equivalent. This represented a decrease of 5 percent from 1960. 
The gross weight of the calcined alumina and aluminum oxide prod- 
ucts was 3,909,000 tons, of which calcined alumina was 3,658,000 
tons and trihydrate alumina 180,000 tons. The remainder was 
activated or tabular alumina. Shipments of alumina and aluminum 
oxide products totaled 3,867,000 tons, of which 94 percent or 3,635,000 
tons went to the aluminum industry. The remaining 232,000 tons, 
valued at $22 million, was shipped as commercial trihydrate or as 
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Fiaurk 2.— Domestic consumption of bauxite, by uses, 1949-61. 
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activated, calcined, or tabular alumina for use chiefly by the chemical, 
abrasive, ceramic, and refractory industries. 

Calcined alumina consumed at the 22 aluminum reduction plants 
in the United States totaled 3,618,000 short tons, 5 percent less 
than in 1960. An average of 2.090 long dry tons of bauxite was 
required to produce 1 short ton of alumina, and an average of 1.901 
short tons of alumina was required to produce 1 short ton of aluminum 
metal. The overall ratio was 3.973 long dry tons of bauxite to 1 
short ton of aluminum. 

The increasing use of aluminum alkyls was shown by the quad- 
rupling of production capacity for manufacturing aluminum alkyls 
by Texas Alkyls, Inc.,* in its plant at La Porte, Tex. Capacity 
of the plant was approximately 10 million pounds of aluminum 
alkyls per year. 


TABLE 4.—Bauxite consumed in the United States, by industries 


(Long tons, dry equivalent) 
Y ear and industry Domestic | Percent Forelgn Percent Total Percent 

1960: 
Mummius 1, 478, 324 91.6 6, 663, 094 91.7 8, 141, 418 91.6 
J ͥ AA PA 281. 185 3. 9 284. 185 3.2 
Chemical. str es. 89, 829 5.6 213, 687 2.9 303, 516 3.4 
,, ege 18, 684 1.2 75, 027 1.0 93, 711 1.1 
Wierer... WS HOC 26, 377 1.6 34, 201 .6 60, 578 7 
Totali oe So 1, 613, 214 100. 0 7, 270, 194 100. 0 8, 883, 408 100. 0 
Fe. IA S 81.8 [.......... 100. 0 

1961: 
Neen te E 907, 824 88. 2 7,126, 218 93.9 8, 034, 042 93. 2 
FJ DEE A EE 188, 497 2.5 183, 497 2.2 
A ... 85, 844 8.3 148, 046 1.9 233, 890 2.7 
Reltnekor!H‚¶» m oos t- ce 16, 516 1.6 95, 789 1.3 112, 305 1.3 
% 19, 104 1. 9 33. 398 . 4 52. 592 . 6 
Total cons raras 1, 029, 378 100. 0 7, 591, 948 100. 0 8, 621, 326 100. 0 
C 11. 88. I A 100.0 |.......... 


Includes consumption by Canadian abrasives Industry. 


TABLE 5.—Bauxite consumed in the United States in 1961, by grades 
(Long tons, dry equivalent) 


Grade Domestic Foreign Total Percent 
origin origin 
AAA . s E 925, 330 58 925, 888 10.7 
PA A NN II Ee 27, 637 7,325, 297 7,352, 934 85.3 
Senses as 66, 058 266, 332, 151 3.9 
AcHvatedi EA O AI 1. 10. 353 1 
GE ees A 1, 029, 378 7, 591, 918 8, 621, 326 100. 0 
¡e ol EE 11.9 88. 1 100. 0 15 aa 


E EES & Engineering News. Texas Alkyls Quadruples Capacity. V. 39, No. 46, Nov. 13, 1961, pp. 


65987 3—-82——-21 
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TABLE 6.—Capacities of domestic alumina plants in eperation and under 
construction 


ad 15 of Dec. de ia 
ns per year 
Company and plant 


Operating | Plants under 


Aluminum Company of America: 
ff.;. ana 


Reynolds Metals Co.: 
Hurricano Creek, RK... 
IRA EE 


juri EE 
Kaiser Aluminum & Chemical Corp.: 


Baton Rüge ↄ x. ðéhK A A ee 
TCC A A A UNE RM MEE MEE 


—— e e rr 
—— oom 
we gë ee aper ge — 2 
egen ere ——2— erg 


—— 42 2 


Ormet Corp.: Burnside, La 244244444442 
Get ñði A CONVERTERS 


TABLE 7.— Production and shipments of selected aluminum salts in the United 
States in 1960 


Shipments and interplant 
transfers 


Number of| Production 


Type of salt (short tons) 
Value f.o.b. 
plant 
(thousands) 
Aluminum sulfate: 
General: 
Commercial (17 percent Al209)......-...- $51, 984 
Municipal (17 percent Al303) ............] 5 1. 035554 
Iron-free (17 percent Alt... ..- 1,767 
Sodium aluminate (62.2 percent Al: O:) OI 
Arn Gee 
Aa (327 WEE 
F arai 122 
Anhydrous (100 percent AlCl). ............. 6, 902 
Aluminum fluoride, technical 17. 855 
Aluminum trihydrate (100 percent Al303-3H30)... 10, 666 
Other oluminum E ARA AN EA A dose ome 


Included with “Other aluminum salts." 
2 Includes cryolite, sodium-aluminum sulfate, aluminum hydroxide (light or litho), alums, potassium- 
aluminum sulfate, ammonium-aluminum sulfate, and other aluminum compounds. 


Source: Data are based upon report Form MA-28E.1, Annual Report on Shipments and Production of 
Inorganic Chemicals and Gases, Bureau of the Census, 


STOCKS 


Bauxite stocks in the United States on December 31, 1961, had 
increased 62,000 long dry tons from the stocks held a year earlier. 
On a dry basis, consumers’ inventories of crude and processed bauxite 
increased less than 1 perco those at mines and processing plants 
increased 6 percent. No withdrawals were made from the ee 
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ment-held strategic or nonstrategic stockpile. Jamaican, Surinam 
and refractory grades of bauxite remained on the Group [ list of 
strategic materials for the national stockpile. 

During the year, 1,255,604 long dry tons of Jamaican-type ore and 
461,878 tous of Surinam-type ore were acquired by barter, bringing 
the total Government inventories to 6,494,000 tons of Jamaican-type 
ore and 6,985,000 tons of Surinam-type ore. Details of the quantities 
and various types of bauxite stored in the three Government inventory 
accounts are shown in tables 8 and 9. 


TABLE 8.—Stocks of bauxite in the United States ! 


(Long tons) 
Producers and Consumers 
processors 
Year Govern- 
ment, 
Crude | Processed? Processed 3 crude Crude and | Dry equiv- 
processed 3 alent 
3 739, 836 6, 313 488, 564 | 2,364, 206 | 2, 204, 674 5, 329, 014 
1068. A 644, 051 6, 806 006, 643 | 2,163,120 | 2, 204, 674 5, 146, 918 
1969.......-..---- 741, 228 7, 341 543,074 | 1. 998, 475 | 2, 204, 674 5, 013, 995 
1900... ²˙ sese u 1, 225, 560 10, 242 530, 646 | 1,974,890 | 2, 204, 674 5, 388, 767 
1901.............- 1, 306, 419 9, 466 621,729 | 1,897,635 | 2 204, 674 6, 450, 930 
1 Excludes strategic ged Be 
2 Dried, calcined, and activated. 


TABLE 9.— Bauxite in Government inventories as of December 31, 1961 


(Long tons) 
Metal grade, dried 
Refractory 
grade, 
Jamaican Surinam calcined 
ype type 
Maximum ob WG EE 2, 600, 000 6, 400, 000 137, 000 
? N: tonal (strategic) stockpil 880 4, 965, 000 299, 000 
a 99. ß 
DPA inventories... ..... : NN INE MEORUM , EE 
CCC and supplemental stockpile......................... 4, 244, 000 2, 020, 000 22 
Ü A . A A DER A 494, 000 000 000 
Surplus over maximum objective: » SE A 
JJ! IA a edu E 3, 894, 000 585, 000 162, 000 
NOBEL PA A O 149. 8 9.1 118.2 


No open-market price was in effect for bauxite mined in the United 
States, as the output was consumed mainly by the producing com- 
panies. 

The average value of bauxite shipped and delivered to domestic 
alumina plants was estimated at $17.40 per long ton, dry equivalent, 
for imported ore. 

Prices in E&MJ Metal and Mineral Markets for December 21, 
1961, were listed for imported bauxite only and were noted effective 
January 1, 1961. Abrasive-grade ore, crushed and calcined, 86 
percent minimum Al,O,, f.o.b. port, British Guiana, was quoted at 
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$21.45 per long ton, and refractory-grade bauxite at $27.85 per lon 
ton, increases of $1.00 and $1.25, respectively, over quotations o 
December 29, 1960. 

The average value of calcined alumina, as determined from producer 
reports, was $0.0344 per pound. The value of imported calcined 
alumina at the port of shipment was $0.0288 per pound. 


TABLE 10.—Average value of domestic bauxite in the United States ! 


(Per long ton) 
Shipments f.o.b. Shipments f.o.b. 
mines or plants mines or plants 
Type 
1960 1960 1961 
Crude (undried)............... $9.51 A (3) (2) 
RT E m 12. 09 $64. 18 $68. 


1 Calculated from reports to the Bureau of Mines by bauxite producers. 
2 Figure withheld to avoid disclosing individual company confidential data. 


TABLE 11.—Average value of U.S. imports and exports of bauxite 


(Per long ton) 
Average value, port Average value, port 
of shipment of shipment 
Pype and country Type and country AE a) 
1960 1961 1960 1961 
Imports: Imports—Continued 
Crude and dried: Calcined: 4 

A AIN DN $12. 51 British Guiana....... $21. 59 $23. 30 
British Guiana....... $6. 85 7.24 || ANT PE A AAA 
Dominican  Kepub- | Eu AA LAG! lisina 

¡Y rem SAA qu 12. 59 13.21 urn 20. 19 24. 88 
T PRE EEE | 1. 95 13. 95 Average 19. 13 3. 84 
r 8. 90 9.41 || Exports: 
Jamaica 1. | 9. 48 9.47 || Bauxite and bauxite con- 
. | 1.72 9.32 A AA 88. 29 80. 89 
Trinidad and Tobago. |-----z- : 9.26 || 

3 8. 93 9. 65 | 


t Dry equivalent tons used for computation. 
2 For refractory use. 


Source: Bureau of the Census. 


NOTE: Bauxite is not subject to an ad valorem rate of duty and the average values 
reported may be arbitrary for accountancy between allied firms, etc. Consequently, the 
data do not necessarily reflect market values in the country of origin. 


TABLE 12.—Market quotations on alumina and aluminum compounds 


Compound : Dec. 25, 
960 1961 
Alumina, calcined, bags, carlots, works pound.. à $0. 0530 
Aluminum hydrate, heavy, bays, carlots, freight equalized.................... do.... ; . 0370 
Aluminum sulfate, commercial, ground, buik carlots, freight, equalized........ ton.. y 40. 00 
Aluminum sulfate, lron-free, bags, carlots, works, freight equalized..... 100 pounds.. 3. 80 


Source: Oil, Paint and Drug Reporter. 
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FOREIGN TRADE 


Imports.—Imports of bauxite, including ores acquired by the U.S. 
Government, were 9.2 million long tons on a dry weight basis, 5 percent 
above 1960. Imports from Jamaica, the principal source in recent 
years, were the second highest value in history, up 18 percent over 
the preceding year and almost 54 percent of the total. Imports 
from Surinam decreased 11 percent and amounted to 31 percent of 
the total. The remainder came mostly from the Dominican Re- 
public, British Guiana, and Haiti. 

On a dry basis, 44 percent of the imports entered through the New 
Orleans, La., customs district; 33 percent through the Galveston, 
Tex., district; 21 percent through the Mobile, Ala., district; and 2 
percent through other districts. 

Imports of calcined alumina for producing aluminum were 188,000 
short tons; 54 percent came from Japan and 35 percent from Jamaica. 
Other aluminum compounds imported into the United States, totaling 
10,240 short tons, were chiefly from Canada, West Germany, Italy, 
and the United Kingdom. 


TABLE 13.—U.S. imports for consumption of bauxite (crude and dried)! by 
countries 


(Thousand long tons and thousand dollars) 


Country 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 
Dominican Republic (dry equivalent) 4 -.....- 384 632 722 
Haiti (dry equivalent)... lico cs esos [ea See 318 317 307 341 289 
Jamaica (dry equivalent 1, 513 3, 622 4,950 4, 220 34,175 4, 936 
Trinidad and Tobago / AAC w 8 27 
d Ro e | EEEE 1, 545 3, 940 §, 267 4,911 2 5, 148 5, 974 
South America: 
British GUIANA. cidcid ana 193 391 223 160 330 316 
BULTIC A A A 2, 896 2,767 2, 425 3,078 9, 256 2, 885 
Other South America.. 6) ĩͤ d E E DEE 4 
Total ct ĩͤ K 3, 089 3,158 2, 648 3, 238 3, 586 3, 205 
¡a IAN d | AA . 5 
ü ³ ³A eel ie W dole PP K ³ĩↄ W 8 
J AA A 8 al A b » EE 
Grand total 4.646 7.098 7.915 8,149 18,739 9,206 
[ODD MSN ⁰k r EE $34,028 | $60, 933 $70, 107 $73, 549 | ? $78,024 | $88, 821 


Import figures for Jamaican, Haitian, and Dominican Republic bauxite adjusted by Bureau of Mines to 
dry equivalent by deducting 13.6 percent free moisture for Jamaican, 14.6 percent for Haitian bauxite in1957 
and 13.6 percent in 1958 and later, and 17.7 percent for Dominican Republic. Other imports, which are 
Virtually all dried, are on an as-shipped basis. Includes bauxite imported for Government account. 

! Revised figure. 
3 Less than 1,000 tons, 


Bource: Bureau of the Census, 


t Ficures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Forcicn 
Activities, Bureau of Mines, from records of the U.S. Department of Commerce, Bureau of the Census, 
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TABLE LA U.S. exports of bauxite (including bauxite concentrate ),! by countries 
(Long tons) 


Destination 


t Classified as Aluminum ores and concentrates” by the Bureau of the Census. 
2 Calculated by Bureau of Mines. 


Source: Bureau of the Census, 


Exports.—Exports of bauxite and bauxite concentrate increased 
414 percent. The large increase resulted primarily from the domestic 
alumina producers capturing a larger part of the world’s alumina 
requirements than in previous years. Canada received 72 per ent 
of the exports; France and Poland, approximately 25 percent. 

Of the 14,213 short tons of aluminum sulfate exported, about 68 
percent was shipped to Canada, Venezuela, and Guatemala. Of the 
55,610 short tons of other aluminum compounds exported, 71 percent 
was shipped to Norway. Small quantities were shipped to 55 other 
countries. | 

Tariff.— The duties on crude bauxite, calcined bauxite, and alumina 
imported for making aluminum were suspended in 1960 until July 16, 
1962. Duties on aluminum hydroxide and alumina not used for 
aluminum production were 0.25 cent per pound. 


WORLD REVIEW 


World bauxite production rose 8 percent. Jamaica, the principal 
producer, continued to produce 23 percent of the total. Countries 
other than Jamaica showing a considerable increase in output were 
Guinea, 49 percent; Greece, 40 percent; India, 24 percent; Yugoslavia, 
20 percent; and Hungary, 14 percent. 

ables 17 and 18 show the international flow of bauxite in 1959 
and 1960, respectively. Total exports of bauxite in the world in- 
creased approximately 5 percent in 1959 and 16 percent in 1960 over 
the figures for 1958 and 1959, respectively. Jamaica and Surinam 
continued to be the world’s leading exporters. 
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TABLE 15.—World production of bauxite by countries! 


(Thousand long tons) 
Country 1961 
North America (dried equivalent of crude 
ore): 
lle Se EE 1722 
III IA AA 263 
Jamaica..................-.--..ll..l.l. 6, 663 
United States........................- 1, 228 
Total... EE 8, 876 
pe —— M— 
South America: 

PAX]... 2.005 ß. ad 3 140 
British Quiana......................- 2, 374 
Surinam MAA A 3,351 

/ ·˙¹ II AN 5, 865 

— Se 

Europe 
A 18 
A ³ A Sec ease: 2, 148 
Germany, West 34 

a A sects. se 1, 280 
Hungary..... % 1, 337 
HBIy oc E 318 
Rumania 387 
sp EE 

EE ee ee ee ee 4, 000 
FVugosla via 1. 213 

Total do si is 10, 405 

Asia: 

China (diasporic) 2 --.-.....]- -----..-- 400 
ain. 2... 76 468 
Indonesia............................-. 413 
Malaya, Federation of................ Kee 
E IRAN 8 253 
Taiwan (QOuemoy) EE T E 
Total EE 1, 938 
Ze 

ca: l 
Ghana (exports). )) 193 
nea, Hepublle ARA 1, 739 
Mozambique. eseu en 5 
.. p Ee 1, 937 
318 
EEN 29, 040 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

2 U.S. imports. 

* Estimate. 

Average annual production 1955-56. 

Compiled by Pearl J. Thompson, Division of Foreign Activities. 


TABLE 16.—Relationship of world production of bauxite and aluminum 
(Million long tons) 


Tons of bauxite per ton of aluminum 
produced... uc ee 
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Table 19 includes information on capacity, location, and ownership 
of plants producing alumina throughout the world. Most of the data 


were based on co 
journal articles, an 


mpany y reports, consular dispatches, newspaper and 
private communications. 


TABLE 19.—World producers of alumina 


(Short tons) 


Capacity, 
end of 1961 


Country, company, and plant locations 


Participants 


FREE WORLD 


North America: 
Ane nom Company of Canada, Ltd.: | 1,250,000 | Subsidiary of Aluminum, Ltd. (Canadian). 
J ca: 
Jamaica, Ltd.: 
Kirk vine 540. 000 Do.. 
Twar ton 270, 000 
JJ y ebceees 810, 000 
Total ! United States 5,011, 500 
Total, North America. 7, 071, 500 
Eouth America: 
Brazil: 
Aluminto Minas Gerais: Ouro Preto.. 16, 500 Do. 
Cie. Brasileirado Aluminio: Sorocaba.. 33, 900 | Industrias Votorantim 8.A. 80 percent and 
other Brazilian interests, 20 percent. 
Jn AAA A c e d 49, 500 
British Guiana: r ———— 
Demarara Bauxite Co.: MacKenzie 245,000 | Aluminium, Ltd. (Canadian). 
Total South America 294. 500 
Europe: 
France: 
Pechiney, Compagnie de Produits | X. Privately owned (French). 
Chimiques et Electrometallurgi- 
ques: 
Qardanne. ....-.-------0---020-0. 354, 000 
Salindres........................-. 110, 700 
Boc. d'Electro - Chirnie, d'Electro - 110, 000 Do. 


Metallurrie et des Acleries Elec- 
triques d'Ugine: La Burasse. 


Boc. Francaise pour l'Industrie de 66, 000 
l'Aluminium: St. Loulsles Aygelades. 
y AA 640, 700 


Germany, W 
ud inum. 0. m. b. H.: Mart inswerke. 151. 000 
Vereinigte Aluminium Werke A. G.: 


Lippe werk 143. 000 
INTO sss 121,000 
Gebrueder Giulini, G.m.b.H.: Lud- 132, 000 
wigshafen. 
vk) AAA A 550, 000 
Italy: 
Montecatinl, Roc. Generale per l'In- 95, 000 


dustrie Mineraria e Chimica.: Porto 
Marghera. 

Boc. Alluminio Veneto per Azioni 110, 000 
(SAVA): Porto Marghera. 


P/ 205, 000 
Norway: Norsk Aluminium A/S: Ho- 18, 700 
yanrer. 
Sweden: A/B Svenska Aluminiumkom- 3 8, 800 
panjet: Kubikenborg. 
Kees 


Beo footnotes at end of table. 


Affiliate of Aluminium-Industrie, 
(AIAQ) (Swiss). 


A.G. 


Subsidiary of Swiss AIAG. 
Government owned. 


Privately owned (German). 


Montecatini group. 
Subsidiary of Swiss AIAG. 


Privately owned (Norwegian) 50 percent, and 
Aluminium, Ltd. (Canadian) 50 percent, 


Privately owned (Swedish) 50 percent and 
Aluminium, Ltd. (Canadian) 50 percent. 
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TABLE 19.—World producers of alumina—Oontinued 


Country, company, and plant locations 


Capacity, 


Participants 


FREE WORLD—Continued 


Euro Continued 
nited Kingdom: 
British Aluminium Co., Ltd 


Indla: 
Indian Aluminium Co., Ltd.: Muri. 


Alummium Corp. of India, Ltd.: 
Jaykaynagar. 


Total. 5 


Japan: 
Showa Denko, K. K. (Showa Electro- 
Chemical Industry Co., Ltd.): 


Nihon Kelkinz: ku K.K. J Light 
on Kelkinzo a g 
Metals Co.): Shimizu. im 
Bumitomo agaku K.K. (Sumitomo 
Chemical Co., Ltd.): Kikumoto. 
Totaal. „ 
Taiwan: 
Taiwan Aluminium Corp.: 'Takao..... 
Total Ada 8k. 


ca: 
Quines: FRIA, Compagnie Internationale 
pour la Production d'Alumine: Fria. 


Oceania: Australia: 
Comaleo Industries Pty. Ltd.: Bell Bey... 


Total free world. .................... 


Uc ud Tube Investments, Ltd. (British) 47 percent, 


67, 200 Reynolds Metals Co. 


American) 45 per- 
50, 400 cent, Reynolds Toe 


vestments, Ltd.; 


—| 14 percent, and miscellaneous sharehold- 
117, 600 ers, 4 percent. 
8 Government owned. 
8, 800 
8, 800 
55, 000 
72, 600 


Indian owned 35 percent, Aluminium, Ltd. 
(Canadian), 65 percent. 
Privately owned (Indian). 


Privately owned (Japanese). 


Aluminium, Ltd. (Canadian) e percent, and 
privately owned (Japanese) 50 percent. 
Privately owned (Japanese). 


Government owned, 


48.5 percent; Pecheniy-Ugine (French 
26.5 percent; British Aluminium Lt 
E GC and Aluminium Industries, A.Q. 
Swiss) each 10 percent; and VAW (Ger- 
man) 5 percent. 


38, 500 | Consolidated Zino Corp., Ltd. Y Tasmanian 
Government Y. 


Olin Mathieson Chemical Corp. erect 


10, 056, 400 


SOVIET BLOC 


U.8.8. R.: F 


S@Geeaenmnt ee ed eo e e fr ee ae fr ag ge ed e 


Germany, East: 
W Aluminium Werke, A. d.: 


Hun 
TE Alaunnerde: Alamasfuzito..... 
Ungarische Bauxit Gruben A.G.: Ajaka.. 
Bauxit Industrie A.G.; Magyarovar....... 


Total JJ2ͤÜÜĩÄ⁊5-ͤ] A 


Government owned. 


324 MINERALS YEARBOOK, 1961 


TABLE 19.—World producers of alumina—Continued 


Country, company, and plant locations Capacity, Participants 
end of 1961 
SOVIET BLOC—Continued 
China: Government owned. 
FU ds 24, 
RA A eco ea nReI«EWNE RM dda.ES 44, 000 
IN E A EES 68, 200 
Nord R 8 (8) 
Total Soviet Bloc....................... 2, 524, 200 
Total world 12, 580, 600 


1 For company and plant breakdown seo table 6, this chapter. 
3 The plant is in standby condition. Some electrical parts have been removed. 
3 Data not available; capacity in 1943 was given as 75,500 tons. 


NORTH AMERICA 


Canada.—The Aluminium, Ltd., contract with Canadian British 
Aluminium Co., Ltd., for the exchange of alumina was canceled on 
December 31, 1961. Thereafter, Canadian British Aluminium Co., 
Ltd., was to receive its alumina requirements from FRIA, Compagnie 
Internationale pour la Production d'Alumine, in Guinea and from 
the Reynolds Metals Co. plant in Corpus Christi, Tex. Canadian Brit- 
ish Aluminium is jointly controlled by Tube Investments, Ltd., 
and Reynolds Metals. 

Jamaica.—Jamaica continued to be the world’s leading producer of 
bauxite and furnished 23 percent of the total output. Exporta of 5 
million long tons went entirely to the United States. Alcan Jamaica, 
Ltd., formerly Alumina Jamaica, Ltd., produced and exported 787,879 
short tons of alumina. Of the alumina exported 424,478 tons went to 
Canada, 220,734 tons to Norway, 62,988 tons to the United States, 
33,358 tons to Sweden and the remainder to other countries. 

As a result of a contract to supply the U.S. Government stockpile 
with 400,000 tons of bauxite from its Jamaica properties, Kaiser re- 
sumed production on a second property and planned to extend the 
railway line. 

Reynolds Jamaica Mines, subsidiary of Reynolds Metals Co., also 
received a contract to supply 600,000 tons of bauxite to the U.S. 
Department of Commerce, Commodity Credit Corporation, in ex- 
change for surplus agricultural products. 

Panama.—Kaiser Aluminum Chemical Corp. signed an agreement 
with the Government of Panama to explore Chiriqui Province for 
bauxite. A United Nations special fund of US$2,004,800 was granted 
to Panama for a survey of the country’s hydraulic and mineral re- 
sources. Panama's share of the survey was US$1,139,740. 

Puerto Rico.—An exclusive prospecting license was granted to 
Alumina Caribe, Inc., to explore for bauxite and other aluminous 


laterites. 
SOUTH AMERICA 


British Guiana.—Production of bauxite decreased 4 percent and 
exports of dried ore 31 percent. Reynolds Metals Co. increased its 
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output of bauxite 62 percent, from 224,000 tons in 1960 to 364,000 
tons. Harvey Aluminum, Inc., met with little success in its explora- 
tion in the Essequibo area and was considering withdrawal from 
British Guiana. 


TABLE 20.—British Guiana: Bauxite exports 
(Long tons) 


1961 
Country of destination 


Dried ore | Calcined ore 


Seuss.... : 
o AAA A A AA DR 21-006 ERP 14, 470 
Germany, CO . i RO 33,662 8 , 1 

Lé HK ͥ ͤ A h % 18. 178 

JJ ³oOAQsꝗA. ³Üð. ˙² ůũ ¼⁵¼⁵ꝓꝓ x4... e,, EE 19, 746 
United Kingdom............................- E 32, 338 
United. Sate si 90, 830 
¡a a A Zeg 67, 467 

T 


787. 306, 956 
—————— 11, 565, 070 


BWI$HUS$0.58 in 1960 and US$0.59 in 1961. 


Demarara Bauxite Co. assembled a new dragline, larger than any 
used before, for stripping the sand overburden, 150 to 175 feet deep, 
overlying its bauxite deposit. 

The company's new 245,000-short-ton alumina plant at MacKenzie 
began operating in January 1961 and by yearend had produced 
146,000 tons of alumina. Of the alumina exported, 14,600 short tons 
was shipped to Norway and 119,980 tons to Canada. 

In a survey of the ferruginous bauxites of the Pakaraima Mountains, 
the large tonnage of ore was deemed not suitable for the Bayer process. 
The Kopinang River Basin, the Sukabi River Basin, and the Kam- 
arang-Kukui area were investigated.* 

French Guiana.—Société Guyanaise de Bauxite, subsidiary of 
Kaiser Aluminum & Chemical Corp., obtained an extension of its 
option to prospect for bauxite in the Kaw Mountains for another 18 
months. The original option expired at the end of 1960. An esti- 
mated 42 million tons of exploitable bauxite averaging 41.5 percent 
alumina was delineated in the region. If Kaiser takes up the option, 
it will be committed to produce 492,000 long tons of bauxite a year, 
beginning in 1965. 

Surinam.—Bauxite production decreased 1 percent, and exports 
declined 6 percent in 1961 from the record high reported in 1960. 
Of the total exports, 3.1 million was metal grade; 147,000 tons, abra- 
sive grade; and 60,200 tons, chemical grade ore. 

At Paranam, Surinam Aluminum Co., a subsidiary of Alcoa, began 
constructing a 49,000-long-ton calcining plant, which was scheduled 
for completion in the second quarter of 1962. 

Bauxite deposits, containing an estimated 200 million tons, were 
found near the Corantijn River. Olin Mathieson Chemical Corp. 
established a subsidiary, Bakhuis Mining Co., and applied for ex- 
ploration rights for bauxite in an area Datwcen the N ickerie and 


* Bateson, J. H. Pre Report on the Ferruginous Bauxites of the Pakarima Mountains, Miner, 
Res. Pamphlet No. 10, Geol. Survey of British Guiana, Georgetown, 1961, 27, pp. 
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Corantijn Rivers. Harvey Aluminum, Inc., applied for bauxite 
concessions in a 475-square mile area of the Corantijn River district. 


EUROPE 


Greece.—An increase of 40 percent was reported in bauxite pro- 
duction. Approval of the Greek Government was sought for the 
creation of Aluminium de Grece S.A., the company which is assuming 
for a period of 60 years the exclusive rights to exploit the bauxite de- 
posits in Greece, and to create an alumina and aluminum industry. 
Capital of the company will be US$25 million divided between 
Pechiney, Compagnie de Produits Chimiques et Électrométallurgiques 
S.A. S$12.5 million); Greek Minerals S.A. (US$5.25 million); 
Reynolds Metals Co. (US$4.25 million); and the state-controlled In- 
dustrial Development Corp. of Greece (US$3 million). Pechiney 
assumed management of the company for a period of not more than 
20 years. 

eological survey of the bauxite-bearing districts by the Insti- 
tute for Geology and Subsurface Research continued during the ycar. 

Hungary.—Bauxite production increased 14 percent to 1.3 million 
long tons. The first of three articles describing the aluminum in- 
BEE in Hungary dealt with the history of the alumina industry.’ 

Italy.— Production was started on a limited scale at the bauxite 
deposits discovered by Monte-Amiata Co. near Alghero, Sardinia. 

Poland.— Alumina, obtained by a new process from clay associated 
with newly discovered bituminous coal deposits in the Nowa Ruda, 
Turoszow, and Konin districts, was analyzed at the Skawina aluminum 
plant and found suitable for the production of aluminum. Con- 
struction of a 220,000-short-ton alumina plant was proposed. The 
first stage of the plant was to be completed by 1966. The process 
entails treating the raw material with sulfuric acid and hydrolyzing 
the resulting product to yield ammonium-aluminum sulfate, which is 
roasted to obtain aluminum oxide. The method was said to be 25 
percent cheaper tban the standard process. 

Rumania.—Construction was started on a 132,000-short-ton alumina 
plant near Oredea. The plant will use bauxite from the northwestern 
part of the country. 

Yugoslavia.—The bauxite reserve in Yugoslavia was reported to be 
large enough to permit an annual production of 292,000 short tons of 
alumina for a 60-year period. Most of the bauxite is near Istria in 


Montenegro. The government planned to spend about US$9 million 
to double bauxite output by 1970. 
ASIA 


India.—The Government of India licensed the Bharat Reynolds 
Aluminium Corp. (BRALCO) to build an alumina plant with an 
IS capacity of 66,000 short tons near Hubli-Dandeli, in Mysore 

tate. 

Bombay Mineral Supply Co. (Private), Ltd., contracted to ship 
50,000 long tons of bauxite under a long-term contract to the Bell Bay, 


7 i Bulletin (London). Aluminium in Hungary, the Alumina Industry. No. 4003, June 13, 1961, 
Pp. I, iv. 
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Tasmania, smelter. The Government of India authorized the export 
of 350,000 tons of bauxite annually in 1962 and 1963. 

The Geological Survey of India 5 the discovery of bauxite 
in Kutch, in the Kharagpur Hills, Bihar State, and in the Jamnagar 
region of Saurashtra State. The bauxite deposits in Katni, Madhya 
Pradesh, were found to contain at least 4.6 million long tons compared 
with an estimate of 520, 000 tons a decade before. 

Indonesia. — Mining Sales Co. contracted to ship 1.2 million long 
tons of bauxite from Bintan Island deposits to three Japanese alu- 
minum companies during 1962-64. 

Malaya, Federation of.—Aluminium, Ltd., announced the building 
of a washing plant at Sungei Ringitt to treat ore mined by South East 
Asia Bauxite Co. The plant, to be completed in 1962, was to have 
the capacity to treat 500,000 long tons a year and was to be operated 
by newly formed Johore Mining and Stevedoring Co., Ltd. 

New Guinea.—The Dutch mining company, Oost-Borneo, an- 
nounced that exploration for bauxite on Misool Island off New Guinea 
had been abandoned and the concession returned to the Dutch New 
Guinea administration. 

Philippines.—The Philippine Bureau of Mines conducted investi- 

ations of the aluminous laterite deposits on Monoc Island, ia. o 
ineral Reservation, from February 1960 to March 1961. The 
potential reserves of the three deposits, Conico, Northern Conico, 
and Lutawon Peak, were estimated to total 28 million long tons. 
The feasibility of using the Pederson process in modified and (or) 
improved form for the beneficiation of these laterites was being 
studied.“ 

Taiwan. — Imports of bauxite increased 131 percent in 1961 and 
totaled 56,300 long tons. Of the 55, 200 tons imported from North 
Borneo for manufacturing aluminum, only 35, 500 tons was consumed. 
A total of 1,160 long tons of bauxite was imported for consumption in 
manufacturing firebrick. 


AFRICA 


Cameroun. — More than 12,000 acres of the Minim-Martrap de- 
posits were prospected by the end of 1960, and ore reserves in the 
area were estimated to total 900 million tons. Principal prospecting 
was in the Nagaoundal area, where the reserve was estimated to be 
100 million tons. Prospecting at Bangam and „ was dis- 
continued because of terrorist activities in these areas. The extent 
and quality of the ore at Bangam were not known, but pending further 
5 the reserve at Fongo-Tongo was estimated to be 40 

Illion tons, containing 45 percent alumina and 2 percent silica. 

Guinea, Republic of.— Aluminium, Ltd., announced that work on 
the Boké alumina and bauxite projects, scheduled for completion in 
July 1964, was suspended owing to inability to solve financial problems 
under the present agreement. An expenditure of US$175 million was 
required. New proposals that the company submitted to the govern- 
ment were not accepted, and Bauxites du Midi, subsidiary of 
Aluminium, Ltd., was ordered to cease all operations in Guinea. 


* Esguerra, Fernando B. Progress Report on the Alumtnous Laterite Investigation Monoc Island, Surigao 
Mineral Reservation. Philippine Bureau of Mines. Rept. of Inv. 33, Manila, October 1961, 8 pp. 
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Aluminium, Ltd., through Bauxites du Midi, was granted bauxite 
rights in the Boké area in 1920 and acquired additional rights in the 
Los Islands in the mid-1930’s. Operations in Los Islands, supended 
during World War II, were resumed in 1952. 

Sierra Leone.—A survey made by the Sierra Leone Geological 
Survey showed that the bauxite in the Mokanji Hills occurred in a 
narrow band about 18 miles long. The thickness of the ore varied 
up to a maximum of about 70 feet and proven averaged 30 feet. 
Two portions of the deposit were selected for more detailed drilling 
to determine the exact quantity and grade of bauxite. The ore 
recovered during prospecting was shipped to West Germany for trial 
runs to find the most suitable washing plant design. 15-year 
mining concession was granted to Aluminium Industries, A.G., and 
mining was expected to begin in 1962. Sierra Leone Ore & Metals 
Co., formed in 1960 as a subsidiary of Aluminium Industries, A.G., 
was in charge of preparatory work. 


OCEANIA 


Australia.—It was announced in June that Alcoa had joined with 
Western Aluminium N.L. (Western Mining Corp. Ltd., North Broken 
Hill Ltd., and Broken Hill South, Ltd.) in a project to establish and 
operate an integrated aluminum industry in Australia. Alcoa of 
Australia Pty., Ltd., was formed with Alcoa holding a 51-percent 
interest and the Australian company, 49 percent. Western Alu- 
minium N.L. was to be granted a bauxite mineral lease covering 2,799 
square miles and a temporary mineral reserve covering another 2,739 
square miles, in the Darling Range, Western Australia. The proved 
reserve in the Jarrahdale-Dwellingup area was nearly 80 million tons. 
Bauxite will be mined by opencut methods and the first area to be 
worked will be at Jarrahdale. The bauxite will be trucked to a crush- 
ing plant and then to an alumina plant to be built at Kwinana, Western 
Australia. The alumina will be shipped to a company smelter to be 
built at Point Henry in eastern Geelong. 

Duval Holdings Pty. was granted rights to prospect for bauxite 
for 18 months in the Gove Peninsula area of Northern Territory. 
British Aluminium Co., Ltd., also had bauxite rights in the Gove area. 

An article listing the developments planned by the three major 
groups of companies-Alcoa, British Aluminium/Alcan, and Comalco— 
stated that bauxite reserves in the northern areas, particularly Weipa 
and Gove, may be as high as 3 billion long tons, 2 billion of which 
will be high grade ore. In addition 21 ion tons was known to 
occur in other localities.? 


TECHNOLOGY 


Some features of open-pit bauxite mining in Arkansas as practiced 
by Reynolds Mining Corp. were explained." Bauxite deposits in 
Pulaski and Saline Counties, Ark., lie à short distance from the flanks 


* Wardrop, Robert. Survey of Aluminum Industry. Min. and Chem. Eng. Rev., Melbourne, v. 54, 
No. 1, Oct. 15, 1961, Py: 62-61. 

1e Fuller, J. A., and J. R. Krause. Open Pit Mining of Bauxite in Arkansas. Min. Cong. J., v. 47, No. 
3, March 1961, p. 24. 
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of & nepheline syenite outcrop and are directly associated with the 
weathering of nepheline syenite. 

One article described some chemical aspects of bauxite genesis in 
Jamaica; !! another described the mining and treatment of bauxite 
in Jamaica since they began in 1952." 

À plant designed to be the first commercial application of an ultra- 
flotation technique for upgrading materials which resist conventional 
flotation methods was under construction by Minerals & Chemicals 
Philipp Corp. at McIntyre, Ga.? Among other items, the new 
facility was capable of processing low-grade bauxite slimes. The 
process used an auxiliary mineral that acted as a carrier for air bubbles, 
which in turn collected the aluminum minerals. 

Olin Mathieson Chemical Corp. announced development of a new 
process for purifying aluminum sulfate.“ This technique opened the 
possibility for a commercially practical way to extract alumina from 
common clays or coal shales. The process involved three steps: 
(1) Leaching the low alumina-content clays or shales with a sulfuric 
acid solution, (2) separating the iron and aluminum sulfate by crystal- 
lization, forming large easily filterable crystals, and (3) thermally 
decomposing the aluminum sulfate crystals to alumina and recovering 
the sulfur trioxide as sulfuric acid. The process allows a complete 
aluminum plant containing alumina extraction and aluminum re- 
duction facilities to be placed on one site where coal for electric power 
is cheap and where the aluminum-bearing materials are readily 
available. 

A second acid-extraction process for recovering alumina from waste 
coal shales, developed through research carried out jointly by North 
American Coal Corp. and Strategic Materials Corp., was to be used 
in production.!“ The first phase of the process, extraction of alu- 
minum in the form of aluminum sulfate, was to be carried out in a 
40,000-ton aluminum sulfate plant which was under construction 
during 1961. A second plant, which would convert the aluminum 
sulfate to alumina, was planned for construction during 1962. 

Another new acid process for extracting alumina from bauxite, 
clays, or other aluminum-bearing ores was announced by Australian 
rescarchers.!'? This process involved a new combination of techniques, 
using high-temperature hydrolysis, which was reported to have solved 
most of the problems of previous methods and was capable of pro- 
ducing pure alumina from a much greater variety of source materials. 
In general, the process involves: (1) Digesting the aluminous material 
in sulfuric acid, (2) treating the digestion liquor to reduce the ratio 
of sulfur trioxide (SO;): alumina (A1,0,) by weight to a value less 
than 2.35: 1, (3) hydrolysing the modified digestion liquor at a temp- 
erature between 180° C and 300° C to precipitate an aluminum 
compound, and (4) decomposing the precipitate to produce alumina. 


11 Burns, Donald John. Some Chemical Aspects of Bauxite Genesis In Jamaica. Econ. Geol., v. 56, 
No. 7, November 1916, pp. 1297-1303. 
„„ Q. A. Bauxite Mining In Jamaica. Min. and Quarry Eng., v. 27, No. 6, June 1961, pp. 

57. 

13 E&MJ Metal and Mineral Markets. Many Low-Grade Ores May Gain Value Through Ultraflota- 
tion. V. 32, No. 43, Oct. 26, 1961, p. 4. 

4 Light Metal Age. Alumina from Clay. V. 20, No. 344, April 1961, p. 8. 

1 Metal Market. Coal Firm Building Aluminum Oxide Plant. V. 68, No. 206, Oct. 26, 1961, 


p. 10. 
16 Scott, Thomas R. (assigned to Commonwealth Scientific and Industrial Research Organization). 
Production of Alumina, Canadian Pat. 631,055, Nov. 14, 1961. 
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A French concern patented yet another method of extracting 
alumina from siliceous bauxite, wherein an electric blast furnace 
was utilized to produce a slag containing alumina and aluminum 
sulfide from a mixture of bauxite, carbon, and iron pyrites. Simul- 
taneously, the iron in the original bauxite was tapped off as a siliceous 
cast iron which contained most of the other metallic impurities. 
The mixed slag was treated with water or dilute acid to hydrolyze 
the sulfide to yield amorphous alumina in addition to the crystalline 
alumina already present in the mixture. 

Aluminum oxide powder consisting of fiber-like particles 1,500 
angstroms long by 50 angstroms in diameter was prepared.“ This 
oxide was made up almost entirely (83.1 percent) of the boehmite 
form of alumina monohydrate. In dry form, the oxide had no ionic 
charge and resembled a fine chalk, but in water it swelled and dis- 
persed to form a stable colloid that would not settle as ordinary 
alumina powder does. 

A new absorptive form of alumina with its major crystalline phase 
consisting of eta-alumina was developed.' The new material had 
an extremely large surface area, 360 square meters per gram, making 
it especially suited for drying industrial gases, air conditioning, 
packaging, and instrumentation applications. 

A new desiccant for industrial gas drying applications was developed 
through a variation in alumina processing techniques.* A different 
alumina structure from that of standard-grade aluminas was achieved 
that made the material particularly suited for this purpose. 

Studies were made to increase the strength of aluminum through 
addition of pure aluminum oxide sapphire whiskers and thus prepare a 
composite material having a potential strength-to-weight ratio three 
to four times greater at high temperatures than known high-strength 
alloys. The sapphire whiskers were grown by oxidizing aluminum 
in a hydrogen and water vapor atmosphere and the alumina deposited 
as single-crystal growths. 

Coating of steel dies with aluminum oxide by flame- or plasma-arc 
spraying permitted the dies to be useful at temperatures up to 3,400° 


A high-alumina castable-refractory mix coupling low gunning re- 
bound with minimum dusting was EC GER producing a strong 
monolithic body that resists severe abrasion and thermal shocks.? 
Recommended use temperatures range up to 2,500? F. By heating 
the refractory to 2,400° F a cold compressive strength of about 4,200 
psi can be obtained. 

A set of standards for high-alumina ceramics provided under one 
cover a compilation of properties, test proccdures, design criteria, and 
recommendations for use of the materials.? 


(7 Tardieu, Pierre (assigned to Pechiney, Compagnie de Produits 5 oe et Eletrométallurgiques). 
Alumina Manufacture in Low-Stack Blast Furnace. U.S. Put. 3,009,778, Nov. 21, 1861. 
1% Chemical Engineering. Colloidal Alumina Triggers Application Search. V. 68, No. 13, June 26, 1961, 
6 


. 76. 
E 1* Chemical Engineering. Active Alumina. V. 68, No. 19, Sept. 18, 1961, p. 88. 
% Industrial and Engineering Chemistry. KA-101 Active Alumina. V. 53, No. 12, Dec. 1961, p. 89a. 
21 Missiles and Rockets. Sapphire Whiskers for Safer Re-entry. V. 8, No. 15, Apr. 10, 1961, p. 36. 
22 Simonson, R., J. W. Long, R. W. Tombough, and R. C. Green. Development of Optimum Methods 
for the Primary Working of Refractory Metals. WADC-TR-60-418, January 1961, pp. 10. 
2 fron Are. Hieh Strength Refractory. V. 188, No. 10, Sept. 7, 1961, p. 15. 
e Standards of the Alumina Ceramic Manufacturers Association. Al. Ceram. Manuf. Assoc. New York, 
(Y uy 1901, 11 pp. 
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Thermodynamic data pertaining to the heat of formation, heat 
capacity, and heat content of aluminum nitride at various tempera- 
tures were released.” 

Aluminum nitride was found to possess the essential requirements of 
a containing material in the aluminum vacuum metallizing process.“ 
The refractory possessed a long life expectancy, which was attractive 
for continuous metallizing processes requiring large quantities of metal. 
A method of preparing aluminum nitride was discussed involving the 
reaction of aluminum phosphide in dry ammonia.” 

Reactions of alumina monohydrate and alumina with wet hydrogen 
fluoride gas were studied by the Federal Bureau of Mines from 200° 
to 350? C and from 350° to 700? C, respectively.“ Both reactions 
were found to be reversible and proceeded in directions determined by 
the temperature and the relative HF:H,O concentration. 

A new low-cost process for producing complex metal hydrides of 
aluminum was developed, involving the reaction of sodium and 
aluminum with a solvent under pressure of hydrogen gas.” 


3 Mah, A. D., E. G. King, W. W. Weller, and A. V. Christensen. Thermodynamic Properties of Alumi- 
num Nitride. BuMines Rent. of Inv. 5716, 1961, 8 pp. 

* Long, George, and L. M. Foster. Aluminum Nitride Containers for Vacuum Evaporation of Alumi- 
num. Bull. Am. Ceram. Soc., v. 40, No. 7, July 1961, pp. 423-425. 

Y Addamiano, Arrizo. On the Preparation of Nitrides of Aluminum and Gallium. J. Electrochem. 
Soc., v. 108, No. 11, November 1961, p: 1072. 

3 Koch, Robert K., and Henry E. Blake, Jr. Aluminum Fluoride From Wet Hydrogen Fluoride Offgas. 
BuMines Rept. of Inv. 5820, 1961, 11 pp. 

3 Chemical & Engineering News. Cost Could Drop for Complex Metal Hydrides. V. 39, No. 51, 
Dec. 18, 1961, p. 45-46. 


Beryllium 


By Donald E. Eilertsen * 


A 


ERYLLIUM continued to attract widespread attention in 1961, 
B and production of beryllium metal, alloys, &nd compounds was 
high. Research continued on the technology of the metal for 
greater usage in high speed aircraft, missiles, and space vehicles, nu- 
clear energy generation and industry. 


LEGISLATION AND GOVERNMENT PROGRAMS 


A tota] of 310 short tons of cobbed domestic beryl was bought in 
1961 under the Domestic Beryl Purchase Program (authorized in 
1953, Public Law 206, 83d Cong.) and the cumulative total under 
the program rose to 3,030 tons of el This program was scheduled 
to termiuate June 30, 1962, or when deliveries total 4,500 short tons, 
whichever occurs first. 

No beryl or beryllium-copper master alloy was acquired in 1961 
for stockpiling under the Strategic and Critical Materials Stockpiling 
Act of 1946 (Public Law 520, 79th Cong.). 

Under the Agricultural Trade Development and Assistance Act of 
1954 (Public Law 480, 83d Cong.), the Department of Agriculture 
through the Commodity Credit Corporation (CCC) bartered surplus 
agricultural commodities with certain countries in exchange for stra- 
tegic materials such as beryl and beryllium-copper master alloy for 
the supplemental stockpile. A total of 1,432,717 pounds of beryllium- 
copper master alloy was acquired under this program during 1961. 
This alloy was processed in the United States from raw materials 
obtained through barter. Negotiations also were completed for ac- 
quiring a large quantity of beryllium metal through barter. This 
material was to be processed in the United States from bery] obtained 
through barter. 

The Office of Minerals Exploration (OME) offered financial assist- 
ance to explore for all types of beryllium ore, and participation in 
approved projects was up to 50 percent. No new contracts for beryl- 
lium exploration were made in 1961. The contract of Lithium Cor- 
poration of America, Minneapolis, Minn., for exploration of beryl 
and columbium and tantalum minerals in Custer County, S. Dak., 
was completed and certified. The contract of Vitro Minerals Corp., 
Salt Lake City, Utah, for exploration of beryllium minerals in Juab 
County, Utah, continued in force at the close of 1961. The contract 
of Tri-State-Metals Corp., Chester, W. Va., for exploration of beryl 
and tantalum minerals in Taos County, N. Mex., terminated without 
certification in 1961. 


1 Commodity specialist, Division of Minerals. 
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TABLE 1.—Salient bery) statistics 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 
Beryl, approximately 11 percent BeO 
unless otherwise stated: 
Domestic beryl shipped from 
Inines..............- short tons 576 521 463 328 244 317 
Value, delivered $278,087 | $275,855 | $238,017 | $170,523 | $121, 105 (1) 
Other domestic low-grade beryl- 
lium ore Short tons eel esee 42 97 265 
Value, delivered..............]|..........]..........| $5,000 $8,022 | $41,250 a 
Im ports short tons.. 7, 640 7, 290 4. 599 8. 038 8, 943 516 
Consumption do 3, 257 4, 309 6, 002 8, 173 9, 692 9, 393 
Price, approximate, per unit BeO 
domestic cobbed beryl, delivered $44 $48 $47 $48 $40 (1) 
Price, approximate, per unit BeO 
domestic low-grade beryllium 
Ore, delivered !!,. dees eet cO $42 $20 $31 () 
Price, approximate, per unit BeO, 
imported, cobbed beryl at port 
of exportation 2 .. $37 $32 $31 $27 $20 $30 
World: Production.......... short tons.. 9, 400 11, 300 37,500 | 236,300 | 239, 300 3 8, 600 


1 Figure withheld to avoid disclosing individual company confidential data, 
3 Revised figures. 
3 Includes other domestic low-grade beryllium ore. 


DOMESTIC PRODUCTION 


Mine Production.—Cobbed beryl production continued to be low. Do- 
mestic production (mine shipments) of various beryllium concentrate 
totaled 1,122 short tons. This consisted of 317 tons of cobbed beryl 
averaging 10.95 percent BeO from more than 100 producers in 9 
States and 805 tons of other beryllium concentrate averaging 3.37 

rcent BeO from the Boomer e and Redskin mines in Park 
County. Colo. 

Many private companies and the Government continued the wide- 
5 and intensified search of mineral deposits for adequate and 

ependable long-range supply of domestic beryllium. 


TABLE 3.— Beryllium concentrates shipped from mines in the United States, by 
States 


State Lower 
grade Units | Cobbed 
BeO | beryllium | Beo beryl 
ore (short tons) 
(short tons) 

Colorado 1, 325 14 
New Hampshire... 14 100 |............]......-- 23 
i ] 24 
South Dakota 167 | 1,807 AMA leto arre 238 
Other States . 24 C EE 18 
Foil 244 1. 325 317 

Value $121, 105 $41, 250 |........ 


1 Arizona, Connecticut, Maine, New York, and Wyoming. 
3 Figure withheld to avoid disclosing individual company confidential data. 
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Refinery Production.—The Beryllium Corp. of Reading and Hazelton, 
Pa., and The Brush Beryllium Co. of Elmore, Ohio, were the only 
firms in the United States that processed beryl to beryllium metal, 
alloys, and compounds. Most of the output was beryllium metal and 
beryllium-copper alloys. More beryllium metal was produced than 
in any previous year. Production data were not available for publi- 
cation. The fourth year elapsed of the 5-year contracts awarded The 
Beryllium Corp. and The Brush Beryllium Co. for annual delivery 
of 37,500 pounds of nuclear-grade beryllium to the U.S. Atomic 
Energy Commission (AEC) by each of these firms. 


CONSUMPTION AND USES 


Cobbed beryl consumption of 9,392 tons almost equaled the record 
established in 1960. Nearly all of the beryl was imported and pro- 
cessed into beryllium metal and its alloys and compounds. 

Sales of The Beryllium Corp. were $23.6 million, compared with 
$24.3 million in 1960. The Brush Beryllium Co. sales were $26 mil- 
lion, compared with $28.8 million in 1960. 

Five other consumers of cobbed beryl were Beryl Ores Co., Arvada, 
Colo., which produced specialized beryl] materials for the ceramic 
industry; Glass Coating Materials Division, A. O. Smith Corp., Mil- 
waukee, Wis., which 5 round- coat frit (glass) for ceramics; 
Lapp Insulator Co., LeRoy, N. V., which used ground beryl in making 
high-voltage electrical porcelain; the Ceramic Division, Champion 
Spark Plug Co., Detroit, Mich., which used beryl as a minor con- 
stituent in special ceramic compositions p Pac plugs) ; 
and Thomas Works, Delta Star Electric Division, H. K. Porter, Co., 
Lisbon, Ohio, which used beryl in glass for high-voltage suspension 
insulators. 

Mineral Concentrates and Chemical Co., Inc., Loveland, Colo., con- 
sumed lower grade beryllium ore for production of various beryllium 
compounds. 

Considerable beryllium was utilized for special applications in 
aircraft, missiles, vehicles for space exploration, nuclear energy, and 
for research and development of applications in these fields. Beryl- 
lium metal was available in machined shapes and to a limited degree 
in EEN tubing, wire, structural shapes, and sheet. The Mercury 
capsule, Freedom 7, that carried Commander Allan B. Shepard, Jr., 
on the first flight of an American into suborbital space on May 5, 1961, 
contained a heat shield and other components of beryllium. 

Beryllium-copper alloys were widely used in many industries. 
Beryllium-copper casings, each measuring about 13 inches in di- 
5 30 inches in length and machined to close tolerances, were 
produced for covering repeater assemblies that are to be installed at 
intervals of 20 miles along a new international telephone cable on 
the ocean floor. Lightweight, high-temperature, and high-strength 
beryllides consisting of beryllium combined with tantalum and zir- 
conium were available for special applications. Beryllium oxide was 
utilized in nuclear, thermal, and electronic applications and in research 
and development of new applications in these fields. 
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STOCKS 


Consumer stocks of beryl at the end of the year totaled 4,886 tons, 
compared with 2,740 tons (revised figure) at the close of 1960. Stocks 
of beryllium metal and beryllium-copper were larger than in 1960. 

As of December 31, 1961, the national (strategic) stockpile contained 
the equivalent of 23,233 short tons of beryl, of which 2,171,000 pounds 
was beryllium copper master alloy. This slightly exceeded the maxi- 
mum stockpile objective for beryl, which was 23,100 tons. 

Additional Government stocks of beryllium-bearing materials on 
hand at yearend were as follows: Supplemental stockpile, the equiv- 
alent of 11,151 tons of beryl of Sch 12,392,974 pounds was beryl- 
lium-copper master alloy; CCC stocks, the equivalent of 169 tons of 
beryl of which 230,999 pounds was beryllium-copper master alloy; 
and Defense Production Act (DPA) stocks, 1,835 tons of domestically 
produced beryl. 

The AEC sold 4,800 tons of cobbed beryl from its stock to domestic 
producers of beryllium. 


PRICES AND SPECIFICATIONS 


The price quoted for domestically produced cobbed bery] containing 
10 to 12 percent BeO was $46 to $48 per short-ton unit of BeO, f.o.b. 
mine. e price of imported cobbed 15 per short-ton unit of BeO, 
based on 10 to 12 percent BeO, c. i. f. U.S. ports, was $34 to $34.50 on 
term contracts and $31.75 to $32.50 on spot contracts until January 
5. Thereafter spot contracts were quoted at $32 to $33 GSA bought 
R cobbed SSC at depots in Custer, S. Dak., 
Franklin, N.H., and Spruce Pine, N.C. Purchases were made on the 
basis of a short-ton unit (20 pounds) of contained BeO, and prices 
pe unit were as follows: 8 to 8.9 percent BeO, $40; 9 to 9.9 percent 

eO, $45; and 10 percent BeO and over, $50. 

The price of beryllium metal, 97 percent pure, lump, beads or 
pebbles, f.o.b. Reading, Pa., and Cleveland, Ohio, was $70 to $71.50 
per pound in small quantities, and $62 per pound in 1,000 to 2,000 
pound quantities. Beryllium powder was quoted at $64 to $76 per 
pound until April, and thereafter a blend of beryllium powder, 200 
grado, was quoted at $54 per pound in eS of 20,000 pounds. 

acuum-cast beryllium ingot was quoted at $67 to $71 per pound. 
E a master alloy was quoted f.o.b. Reading, Pa., Detroit, 
Mich., and Elmore, Ohio, at $43 per pound of contained beryllium 
with copper paid for at the market price on date of shipment. Beryl- 
lium-aluminum was quoted f.o.b. Reading, Pa., Detroit, Mich., and 
Elmore, Ohio, at $65 per pound of contained beryllium with aluminum 
paid for at the market o Beryllium-magnesium-aluminum was 
1 at $57 per pound of contained beryllium until September and 
thereafter at $60 per pound, with magnesium and aluminum paid for 
at the market price. The prices of beryllium-copper strip, rod, bar, 
and wire ranged from $1.935 to $1.98 per pound.“ 


3 E&MJ Metal and Mineral Markets, v. 82 Nos. 1-52, January—December 1961. 
® American Metal Market, v. 68, Nos. 1-249, January-December 1961. 
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FOREIGN TRADE 


Imports.—Imports of cobbed beryl in 1960-61 are shown in table 3. 
Other imports in 1961 were 3,281 pounds of beryllium oxide or car- 
bonate, valued at $46,065; and probably sonia: li metal not 
separately reported from other 29 190 E 


TABLE 3.— U. 8. imports for consumption of beryl, by countries 


(Short tons) 
Country 1960 1961 

South America: 
i öl. ia 1.212 1. 117 
JJ ³ àqAAAVVVVVVVVVTTVTVT0V—e(é³cW.. lees 3, 493 2, 661 
TOUR EEN 4,705 3,778 
Europeos Portugal- ß eee ee gh US eee se 28 NN 
hh ⁰ d A EN 1. 000 885 

Africa: 

British Fast Africa (principally Uganda lll ll eee 260 1, 029 
British West Africa, d o Ee ee CCC 
Congo. E of the, and Ruanda-Urand⁊ii ee 534 220 
Malagasy l...... 1161 564 
; pp y ae dass 1, 694 1, 094 
Rhodesia and Nyasaland, Federation of... 236 188 
Union of South Africa (includes South-West Afrloa) ......................... 326 445 
TOUR EE 23,210 3, 540 
Oceania: ll AAA II A 313 
Grand total: Short o .. aa 8, 94 8, 516 
e A 88 $2, 863, 503 | 22, 785, 804 


t Revised figure. 
1 Minerals Yearbook, v. 1, 1960, p. 256, French Somaliland revised to none. 


TABLE 4.—U.8. exports of beryllium products, in 1961, by countries 


Beryllium and beryl- | Beryllium metal and | Beryllium and beryl- 
lium alloy (except alloys (except beryl- lium alloys in semi- 
beryllium copper) Hum copper) in crude fabricated forms, n.e.c. 


Destination metal powders form and scrap 
Pounds Value Pounds Value Pounds Value 

Argentina ll el ler. 200 $256 AA A E eli endo es 
RE E EE E 8 100 rt EE GE 
a IA EE, EE 7,040 k EE 
elgium-Luxembourg......... 8 396 ” 428 2, 828 29 $6, 525 
Cunadü EE AE 8 10, 050 83, 066 55 22, 770 
Denmark 7j! x EE 44 200 202 41. 560 
Ae EE 400 141 73 2, 685 55 20, 916 
Germany, West 50 2, 790 54, 029 175, 785 36 11, 774 
DG A A . EEN 660 2,177 1 ARA 
/ EE, EE 6, 47 hr / neteeueecce 
e EENEG 8 400 507 rr eer 
7 ³ /A ã EE 440 13:508. T EN EEN 
o AA A A 550 !!! 8 
11111 ct sec m. EE 12, 620 SN o kh LS eis AA 
e EE, ĩᷣðV EE 548 r E 
e E EE, D ⁵ 1,770 5,091 7 2,791 
United Kingdom 1, 149 81,373 25, 501 90, 595 307 42, 285 
a AA 1,815 85, 356 120, 830 410, 038 692 149, 005 


Source: Bureau of the Census. 


‘Figures on imports and exports compiled by Mae B. Price and Elsie D Jackson, Divi- 
sion of Foreign Activities, Bureau of nee from records of the U.S. Department of 
Commerce, Bureau of Census. 
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Exports.—T'welve pounds of beryllium ore and concrete valued 
at $200 was 3 to Japan. Separate data on llium-copper 
alloy exports were not available. Exports of other beryllium products 
are shown in table 4. 


WORLD REVIEW 


World production of beryl, totaling 8,600 tons, consisted of 7,795 
tons of cobbed bery] and 805 tons of low-grade beryllium ore. 

Argentina.—Cia. Argentina Berilio y Aleaciones, which began pro- 
ducing beryllium alloys in 1958, was reported to have & monthly pro- 
duction of approximately 600 kilograms of beryllium-copper master 
alloy and 500 kilograms of cobalt-beryllium-copper alloy analyzing 
2.6 percent cobalt, 0.5 percent beryllium, and 96.9 percent copper. 
The company's first export was 300 kilograms of beryllium-copper 
to a firm in Switzerland.* 

Japan.—The production capacities of the three Japanese producers 
of beryllium products were reported as follows: For Nippon Gaishi 
Kaisha, Ltd.—270 tons of beryllium-copper master alloy containing 4 
percent beryllium, 12 tons of beryllium-aluminum master alloy con- 
taining 3 to 5 percent beryllium, 2 tons of beryllium oxide powder, 
0.1 ton of beryllium metal, and 0.8 ton of fabricated beryllium oxide 
shapes; for Yokozawa Kagaku Kogyo—120 tons of beryllium-copper 
master alloy and 1 ton beryllium oxide powder; and for Santoku 
Kinzoku Kogyo—30 tons of beryllium-copper master alloy, 19 tons of 
beryllium-aluminum master alloy, and 0.5 ton beryllium oxide powder. 
Yokozawa Kagaku Kogyo also produced a little beryllium-aluminum 
experimentally and had some research studies under way on the pro- 
duction of beryllium metal. Santoku Kinzoku Kogyo also had some 
research studies under way on beryllium production.* 

Malagasy Republic.—4A comprehensive report describing the location, 
size, geology, mineralogy, and potential for beryl and other valuable 
minerals of numerous pegmaties in the Malagasy Republic was 
prepared.’ 


TECHNOLOGY 


The Bureau of Mines continued its comprehensive program on beryl- 
lium for the fourth consecutive year, and in 1961 the program was 
the largest the Bureau had ever undertaken on beryllium. It con- 
sisted of continuing a nationwide study to determine the nature and 
extent of potential domestic beryllium resources, continuing metal- 
lurgical studies on developing milling methods to recover dissemi- 
nated beryllium minerals from low-grade ores that someday may 
substitute for cobbed beryl, continuing metallurgical studies on the 


6 Bureau of Mines. Minern] Trade Notes. V. 53, No. 4, October 1961, p. 6. 

Japan Association of Metals for Atomic Energy. Beryllium. Current Situation of 
Newer Metals in Japan, 1961. p. 1. 

* Murdock, Thomas G. The Beryl Resources of the Malagasy Republic. U.S. Opera- 
tions Mission of the Malagasy Republic, Miner. Rept. No. 11, August 1961, 33 Eb. 

Bureau of Mines. Mineral Trude Notes. V. 54, No. 1, January 1962, pp. 3 
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TABLE 5.—World production of beryl, by countries’ 


(Short tons) 
Country 1060 1061 
North America: 
United States (mine shipments): 
Cobbed beryl....................- 244 317 
Other lower grade beryllium ore... 265 805 
vk, BEE 509 1, 122 
2 == 
South America: 
Argentina 22 739 2 770 
E EE 1,870 21,870 
A DEEG 2, 609 3 2, 640 
te ii IA PM A l 8 
Portugal 32 14 
C o.. A J d f PRA 
1o. 0:0: EREMO A ĩðͤ cee ee 220 220 
TOA EE 250 230 
Afgbhaniaten. n Ml 
India (U.S. imports ) : 1, 000 885 
Korea, innen sss A 23| ) AA EM en ER secs 
Total Err ae l, 011 885 
Africa: m 
Congo, Republic of the (formerly 
Belgian) EE 2340 26 440 
„einn cs alos 1 1 
Malagasy Republic (Madagascar) 299 701 2 660 
Morooso: CRA 00 EN, PA E E 
Morambiqueꝛ-ꝛ— 682 1, 649 3 1,025 
de and Nyasaland, Federation 
of: 
Northern Rhodesía..............- 2. ee Se 
Southern Rhodesia............... 539 396 
Ruanda-Urundi. iii 310 (8) 
Somali Republic. 4 PIB |..........|..........]..........]- ......... |] ...-....-- 
SE Ai. 8 a dic 
ganda 4 68 78 80 470 2 500 
Union of South Africa 325 192 
err 8 4, 756 2 3, 470 
Oceania: Australia e eere 278 213 2280 
World total (estimate) Ii. 9, 300 8. 600 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

2 Estimate, 

! United States imports. 

4 Less than 0.5 ton. 

‘Av annual production 1954-56. 

$ Ruand1-Urundi included in Republic of the Congo in 1961, 

? Average annual production 1953-56. 

Average annual production 1955-56, 


Compiled by Pearl J. Thompson, Division of Foreign Activities. 


extraction and purification of beryllium, and starting some studies 
on casting beryllium. Sensitive nuclear electronic instruments were 
widely used in the search for beryllium deposits, and in the North- 
western States use of a mobile spectrographic laboratory for detecting 
beryllium in samples of rocks was continued. The exploration of 
certain mineral deposits in the Badger Flats area in Park County, 
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Colo. was completed. Numerous occurrences of beryl in north-central 
New Mexico were described.“ 

Operation of the Bureau’s experimental flotation plant, having a 
capacity of 2 tons of feed per hour, at King’s Mountain, N.C., was 
terminated after good progress was made in developing milling 
methods to recover 0.5 percent bery] from the flotation tailing of a 
commercial spodumene mill. Feed for the spodumene mill was rock 
mined from a small area within the extensive pegmatite belt, which 
has been estimated to contain 41,000 tons of beryllium. A report 
describing pioneering research on producing beryl flotation concen- 
trate containing 6 to 7 percent beryllium mide (BeO) from tailing of 
the same spodumene mill in North Carolina was published.? Another 
report described the production of beryl flotation concentrates analyz- 
ing 11.9 percent BeO and 7.8 percent BeO from Connecticut and New 
Hampshire pegmatite rock which analyzed 1.16 percent BeO and 
0.43 percent BeO, respectively. Respective recoveries of BeO were 
80.2 percent and 63.5 percent.!° Other small-scale mineral dressing 
experiments were made on developing methods to recover beryllium 
concentrate from ore from the Mount Wheeler area in Nevada, the 
Badger Flats Area in Colorado, and from various other western 
deposits. Bench-scale batch flotation tests on a sample of Mount 

eeler bertrandite-phenacite ore containing 0.49 percent BeO yielded 
a concentrate containing 14 percent BeO with recovery at 82 percent. 
Phenacite ore containing 5 percent BeO was upgraded to a concentrate 
of 34 percent BeO with recovery at 85 percent. Also, the chemical 
mineralogical, and physical nature of beryllium-bearing tuff from 
the Spor Mountain area in Utah were studied. Beryl concentrate 
from the Bureau’s experimental flotation plant at King’s Mountain, 
N.C., and the Black Hills of South Dakota, as well as beryllium- 
bearing tuff from Spor Mountain were studied hydrometallurgieall 
for the extraction of beryllium salts. Other experiments were di- 
rected at producing high-purity beryllium by electrorefining and by 
Kroll-process reduction techniques. The Bureau also sought methods 
for producing ductile beryllium. 

umerous companies searched for beryllium deposits. 

The geology and mineralogy of recently discovered beryllium- 
bearing tuff at Spor Mountain in Juab County, Utah, were de- 
scribed.'? Occurrences of bertrandite, beryl, chrysoberyl, gadolinite, 
genthelvite, helvite, phenacite, and several hundred nonberyllium min- 
erals in Colorado were reported. A total of 1,385 coal ash samples 
from domestic coals were analyzed for beryllium, and the Appalachian 


5 Redmon, D. E. Reconnalssance of Selected Pegmatite Districts in North-Central New 
Mexico. Bu. Mines Inf. Circ. 5013, 1961, 79 pp. 

? Browning, J. S., B. H. Clemmons, and T. L. McVay. Beneflciating North Carolina 
Spodumene-Beryl Ores. BuMines Rept. of Inv. 5750, 1961, 20 pp. 

19 Shelton, John E. Flotation of Beryl From North-Bastern Pegmatites, A Progress 
Report. BuMines Rept. of Inv. 5767, 1961, 10 pp. 

11 Havens, Richard, W. I. Nissen, and J. B. Rosenbaum. Flotation of Bertrandite and 
1 rom Mount Wheeler, Nev., Beryllium Ore. BuMines Kept. of Inv. 5875, 

961, p. 

12 Staatz, Mortimer H., and Wallace G. Griffitta. Beryllium-Renring Tuff tn the Thomas 
ge Juab County, Utah. Econ. Geol. v. 60, No. 5 August 1961, pp. 941- 950. 
1901 ckel, Edwin B. Minerals of Colorado, a 100-Year Record. Geol Survey Bull. 1114, 

e 399 pp. 
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region was found to contain the highest average beryllium content 


of 62 ppm.“ 

US. Atomic Energy Commission research on beryllium metal in- 
cluded studies on basic purification and single-crystal deformation, 
irradiation damage mechanisms, and tube manufacturing techniques. 
Investigations also were made on beryllium oxide basic precipitation 
and sintering, thermal and mechanical properties, irradiation ES: 
and fabrication of large parts for reactor moderation. Studies on 
zirconium and columbium beryllides sought to solve the intermediate 
temperature-breakdown problem. 

Considerable other research on beryllium sponsored by the U.S. 
Armed Forces, especially the Air Force, and industry was under wa 
to advance the technology of beryllium metal. The emphasis in this 
work was on defense applications. Other experiments were directed 
toward producing ductile beryllium. Several single crystals of beryl- 
lium prepared by the floating-zone method of zone melting were tested 
in tension and exhibited substantial basal plane glide before fracture. 
These tests appeared to indicate that impurities in beryllium influence 
the ductility of the metal.* The manufacture of beryllium billet, 
sheet, and plate, the forming of beryllium sheet and plate, the forging, 
extruding, and drawing of tube and wire, and the joining of beryl- 
lium were described.!“ Exploratory studies on process variables that 
control the sinterability of unconsolidated beryllium powder were re- 
ported." Various conditions that influence the arc welding of beryl- 
lium were studied.!“ Techniques were developed for joining beryl- 
lium to itself by gas-pressure bonding. Results indicated that bond- 
ing was improved by cold working, followed by bonding at 1,500° 
to 1,600° F for 4 hours at 10,000 psi.“ 

The proceedings of a conference on beryllium toxicity were 
reported.“ 

A comprehensive book on beryllium technology was published.“ 


14 Stadnichenko, Taisia, Peter Zubovic, and Nola B. Sheffey. Beryllium Content of 
American Cuals. Geol. Survey Bull. 1084-K, 1961, pp. 253-295. 

15 Herman, Marvin, G. E. Spangler, and Edwin Hein. The Preparation of High Purity 
Beryllium and the Study of Its Flow and Fracture Properties. Franklin Inst., Phila- 
1800 22 Pa., Final Rept. F-A2323 prepared for Dept. of the Navy, Bureau of Aeronautics, 

60, 22 pp. 

1 Beaver, Wallace W. Wrought Fabrication of Beryllium Metal. The Brush Beryllium 
Co., Research and Bog ee Aug. 3, 1961, 48 pp. 

1? Lympany, B. B., J. G. Theodore, and W. W. Beaver. Factors Controlling the Sinter- 
ing Characteristics of Beryllium Powder. The Brush Beryllium Co., Research and De- 
velopment, Aug. 7 1961, 25 PR, 

13 MacPherson, B. M., and W. W. Beaver, (The Brush Beryllium Co.). Fusion Welding 
of Beryllium. U.S. Air Force, Wright-Patterson Air Force Base, Ohio, WADD Tech. Rept. 
60-917, April 1961, 63 Pp. 

19 Paprocki, S. J., E. S. Hodge, and J. P. Gripshover. Gas-Pressure Bonding. Battelle 
Memorial Inst., Defense Metals Inf. Center, DMIC Rept. 159, Sept. 25, 1961, pp. 6, 9. 
* Kettering Laboratory (Univ. Cincinnati, Cincinnati, Ohio). orkshop on ee 
January 5-6, 1961: Sponsored by Mfg. Methods Div., LMBM, Headquarters, Air Materie 

Command, Wright-Patterson Air Force Base, Ohio, 1961, 111 pr, 
1900 e 92 5 G. H. and J. H. Buddery. Beryllium. Academic Press, Inc., New Tork, N. T., 
' Pp. 
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Bismuth 


By Richard N. Spencer * and Edith E. den Hartog? 


4e 


Imports of bismuth, production of refined metal, industrial con- 
sumption, and stocks all declined in 1961. No bismuth was acquired 
for any of the Government stockpile programs; however, some barter 
contracts were executed for bismuth deliveries for supplemental 
stockpiling. 

World production in 1961 was estimated at 5.5 million pounds, 
slightly higher than the 1960 total. The market price of bismuth 
metal, quoted in New York, remained steady throughout the year at 
$2.25 per pound, in ton lots. "This price had not changed since 
September 5, 1950. 


TABLE 1.—Salient bismuth statistics 


(Pounds) 
1952-56 1957 1959 1960 1961 
(average) 
United States: 

Consumption. ............ 1, 568, 600 1, 615, 200 1, 242, 700 1, 598, 000 1, 527, 300 1, 478, 400 
Imports, general. 701, 532 847, 868 37, 309 457,163 | 1,167,019 798, 518 
5 A CERE A 200, 158, 393 316, 318 179, 744 156, 036 167, 166 
ce: New York, ton lots. $2. 25 $2. 25 $2.25 $2.25 $2.25 $2.25 

Stocks Doc. 31: Consumer 
and dealer 218, 860 376, 200 548, 100 472, 000 382, 800 323, 000 
World: Production........... 4, 400,000 | 5,000,000 | 4,600,000 | 5,100,000 | ! 5, 300, 000 5, 500, 000 


1 Revised figure. 
DOMESTIC PRODUCTION 


Refined bismuth, derived from foreign and domestic ores, again was 
almost entirely a metallurgical byproduct of lead refining. Output 
declined only slightly from 1960. Companies reporting production 
to the Bureau of Mines were American Smelting and Refining Com- 

any, The Anaconda Company, United States Smelting Lead Refinery, 

c. (subsidiary of United States Smelting, Refining and Mining Co.), 
and United Refining & Smelting Co. Bismuth recovered from alloy 
scrap in alloy products decreased substantially from 1960. 


CONSUMPTION AND USES 


Consumption of refined bismuth metal amounted to 1.5 million 
pounds, 3 percent less than in 1960. A considerable additional 
* Commodity s ist, Division of Minerals. 


? Rtatistical sesístant, Division of Miuerals. 243 
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uantity of bismuth contained in bismuth-lead bullion was used in 

loys. Bismuth alloys used as low-melting or fusible alloys, those 
used to improve machinability of aluminum alloys, and those used in 
malleable irons and steels accounted for 61 percent of the total indus- 
trial consumption of the metal. Pharmaceuticals and other laboratory 
and industrial chemicals consumed 35 percent and miscellaneous and 
experimental uses accounted for the remaining 4 percent. Bismuth 
consumption in thermoelectric uses increased substantially, but the 
quantity remained small. 


TABLE 2.—Bismuth metal consumed in the United States, by uses 


(Pounds) 
Use 1960 1961 Use 1960 1961 
Fusible alloys 515, 570 1683, 804 || Experimental uses 24, 667 9, 742 
Other alloys...........-..- 239, 757 222, 241 || Other uses 36, 627 41, 913 
Pharmaceuticals 2 710, 631 520, 723 — — — 
Doll 1, 527, 252 1, 478, 423 


1 Includes 140,300 pounds of bismuth contained in bismuth-lead bullion used directly in the production 
of an end product. 
2 Includes industrial and laboratory chemicals. 


STOCKS 


Consumption remained relatively high and imports decreased 32 
percent, so dealer and consumer stocks decreased to 323,000 pounds. 

Government stocks of bismuth metal on December 31, 1961, 
amounted to a total of 2,825,000 pounds comprised of: 1,306,000 

ounds in the national (strategic) stockpile, 23,000 pounds in the 
DPA stockpile, and 1,496,000 pounds in the CCC and supplemental 
stockpile. This amounts to 94 percent of the maximum stockpiling 
objectives of the Federal Government. 


PRICES 


E&MJ Metal and Mineral Markets continued to quote the New 
York price for refined bismuth metal at $2.25 per pound, in ton lots, 
throughout 1961—a price that had remained unchanged since Sep- 
tember 1950. The Metal Bulletin (London) quotation also remained 
unchanged at $2.24 per pound. No commercial-grade bismuth ore 
was produced in the United States, and ore was not quoted on the 
domestic market; Metal Bulletin (London) quoted ore at $1.19 per 
pound of contained bismuth in concentrate having a minimum of 65 
percent bismuth, and $0.71 per pound of contained bismuth in con- 
centrate containing a minimum of 30 percent bismuth. Other grades 
of concentrate commanded proportionate prices. Prices of most bis- 
muth chemicals and compounds remained unchanged during the year; 
prices of some changed slightly. 


FOREIGN TRADE 
General imports of refined metal were 798,500 pounds, a decrease 
of 32 percent from the quantity imported during 1960. This sharp 


3 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines from records of the U. S. Department of Commerce, Bureau of the Census. 
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decline in general imports was misleading; the substantial change was 
due mostly to differences in acquisitions for Government stockpiling. 
Imports available to industry were almost constant with those avail- 
able in 1960. Metal imports were augmented by receipts of bismuth- 
rich lead-base bullion, intermediate bismuth-rich smelter products, 
bismuth-containing base-metal concentrates, and bismuth chemicals. 
Nearly all the bismuth-lead bullion was consumed to produce alloys. 
Bismuth in intermediate smelter products and concentrates was 
processed and entered the market as domestically produced refined 

ismuth. Consumption statistics for 1961 in this chapter include 
55 140, 300 pounds of imported bismuth in bismuth lead 

ion. 

Exports of bismuth metal and alloys totaled 167,200 pounds (gross 
weight), an increase of 7 percent over 1960 exports. Bismuth-metal 
exports reported to the Bureau of Mines were 73,900 pounds, com- 
pared with 17,300 pounds in 1960. 


TABLE 3.—U.8. imports i of metallic bismuth, by countries 
(Pounds) 


Country 


North America Europe: 
anada—aeü—w- l!] n.]! 90. 536 Belgium-Luxembourg....|.......... 2, 000 
Mexico................... i Fanlneee See ee 501 
S 5, 437 11. 805 
Total.......------------ 281, 363 United Kingdom......... 53, 003 (2) 
= Yugoslavia 69. 390 39, 681 
South America: — | —_—_——— 
Argentina................| 12, 334 Total................... 127, 830 53, 987 
bu o, EE ==> 
1, 167, 019 798, 518 
ll 


1 Data are general“ Imports; that is, they include bismuth imported for immediate consumption plus 
material entering the country under bond. 
3 Less than 1 pound. 


Source: Bureau of the Census. 


TABLE 4.—U.8. exports of bismuth metal and alloys 


Gross Gross 
Year welght Value Year weight Value 
: (pounds) (pounds) 
1952-56 (average 200, 084 | $408,770 || 195999 179,744 | $261, 367 
I))! ! 158, 393 213, 313 1900000000 as 156, 626 275, 540 
Neier 310,318 | 389,078 || 1961.......................... 167, 166 207, 115 


Source: Bureau of the Census, 


WORLD REVIEW 


World production of bismuth, about 5.5 million pounds, was 
slightly greater than that of 1960. Canada, Bolivia, Japan, the 
Republic of Korea, Mexico, Peru, the United States, and Yugoslavia 
were the major producers. 

Bolivia. — Production of bismuth increased 15 percent despite 
continued reduction in the output of tin, which is the major metal 
of Bolivian ores containing bismuth as a byproduct. 

669879 —62— —28 
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Canada.—Bismuth metal was recovered as a byproduct of silver, 
copper, and molybdenum refining. Canadian production increased 
13 percent. 

Korea, Republic of.—Bismuth was recovered as a byproduct in 

rocessing tungsten ores and concentrates. The Government-owned 
ngsten Mining Company, operating the San-dong mine, was the 
principal producer. 

Mexico.— Refined bismuth metal was produced by Metalurgica 
Penoles, S.A., a subsidiary of American Metal Climax, Inc. Most of 
the output was exported to the United States, England, Netherlands, 
and West Germany. 


TABLE 5.—World production of bismuth, by countries ! ? 


(Pounds) 
Country ! 1952-56 1957 1958 1950 1900 1961 
(average) 
North Arnerica: 
Canada (metal) 333. 218. 034 319. 941 412. 792 334. 736 423, 827 479, 700 
Miese d uES 874, 497 780, 200 417, 700 527, 700 699, 300 4 600, 000 
South America: 
Argentina (in ore) 22 8, 800 47,800 $ 59,000 | 5 114, 600 380 oe 
Doll. ou caos erer 92. 617 90, 600 244, 700 487, 400 403, 600 465, 300 
T iol x ct 081, 587 804, 800 851. 560 737, 617 913,106 | 1,044, 990 
urope: 
Vin (in Ore) A 110, 900 99, 200 112, 400 122, 000 120, 400 4 150, 000 
Spain (metal)................... 47,183 190, 500 116, 229 53, 168 29, 875 4 26, 500 
Swedelr-$.. 2. iras 121, 700 120, 000 119, 000 60, 000 80, 000 80, 000 
Yugoslavia (ine tal) 230, 209 219, 805 169, 670 200, 026 231, 582 216, 348 
a: 
China (In ore 4 190, 000 (0 C) (7) (7) 0 
Japan (etalt. 124. 811 144, 8500 168, 751 223, 187 261, 089 4 287, 000 
Korea, Republic of (in ore) 341, 700 240, 000 198, 000 227, 000 317, 000 4 323, 000 
Africa: 
Mozambique 5, 018 6, 975 2, 167 22,100 30, 000 31, 000 
South-West Africa (in ore) 1,054 670 sn E 310 4 390 
, de xoxo rs 2. 293 2, 700 15, 030 18, 84 6, 720 4 5 260 
Union of South Africa (in ore). . 1,332 145 2, 023 526 512 4 220 
Oceania: Australia (in ore).......... 2, 605 1, 340 2:079. O 8 4 1,000 
World total (estimate) ! 3..... 4, 400, 000 | 5, 000, 000 | 4, 600, 000 | 5,100, 000 | 5, 300, 000 5, 500, 000 


! United States figure withheld to avoid disclosing individual company confidential data: included in 
world total. Bismuth is believed to be produced in Brazil, Eust and West Germany, and U.S.S.R. Pro- 
duction figures are not available for these countries, but estimates for them are included in the world total, 

3 This table incorporates some revisions, Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail, 

3 Refined metal plus bismuth content of bullion exported. 

4 Estimate, 

§ Exports, 

* Content in ore and bullion exported, excluding that in tin concentrates, 

Data not available; estimate included lu world total, 


Compiled by Augusta W. Jann, Division of Foreign Activities, 


Peru.—Cerro de Pasco Corp. was again the sole producer of bis- 
muth. The bismuth output of this firm was a byproduct of its La 
Oroya copper, lead, and zine smelter-refinery operation in which 
refined bismuth metal and bismuth-rich lead-bismuth bullion were 

roduced. Almost all of the output was exported to the United 
states. Peruvian production increased 14 percent. 

Yugoslavia.—Bismuth metal was recovered as a byproduct of lead- 
zinc production. The source of much of the bismuth-containing ore 
was the lead-zine mines of Zletovo and Rudnik in southern Serbia. 
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The bismuth was recovered as a byproduct in The Zvecan Lead 
Smelter & Refinery. Additional resources of bismuth for future con- 
sideration are the undeveloped low-grade bismuth ores of Aldimac 
and Jasikovo, both in eastern Serbia. 


TECHNOLOGY 


An abrupt 10-to-1 increase in electric current carrying capacity was 
discovered in ultrapure bismuth single crystals at minus 459° F.* 

Commercial refrigerators, coolers, and icemakers using bismuth 
telluride thermoelectrics were placed on the market, and others were 
in the design stage of development. Franklin Institute Laboratories 
conducted extensive research on thermoelectric phenomena; the 
program was sponsored by 13 large industrial firms. 

Studies of the conditions under which bismuth tellurides exhibit 
isotropic and anisotropic characteristics enabled the development of a 
theory predicting means by which thermoelectric power units can be 
made anisotropic. 

Constitutional diagrams were developed for bismuth-cadmium-tin 

oys. 

The solubility of uranium in liquid bismuth and the effect of fission 
pornoa on that solubility under conditions similar to those of a 

iquid metal fuel reactor were subjects of research.” Because of the 

increased demand for high-purity metals, a survey was presented of 
the known methods of removing bismuth from lead and the advantages 
of each method? 

Studies were made of the magnesium and uranium concentrations 
required in liquid bismuth to prevent oxidation of uranium fuel by an 
air leak in liquid metal fuel reactors using bismuth.“ 

Electrolytic polishing of honeycomb filled with low-melting bismuth 
alloy is common practice. Electrolytic polishing of bismuth metal- 
lographic specimens was described.” 

ata were given concerning polarographic behavior of bismuth in 
bismuth trichloride as determined by an electrochemical study." 

The Bureau of Mines released a publication treating the heats of 
formation of a bismuth compound.” 


4 Electronic News, Esaki Finds New Trait in Bismuth Crystal. V. 7, No. 296, Jan. 1, 1962, pp. 1, 9. 

! Dennis, Jane Hodgson, Anisotropy of Thermoclectric Power in Bismuth Tellurides. Massachusetts 
TRU Technol, Tech, Rept. 377, Jan. 15, 1961, 52 pp.; reproduced as Armed Services Tech. Inf. Agency Rept. 

252210, 

* Bray, H. J., F. D. Bell, and 8. J. Harris, The Constitution of Bismuth-Cadmium-Tin Alloys. J. Inst. 
Metals (London), v. 90, pt. 1, September 1981, pp. 24-27. 

! Weinberg, A. F., R. J. Thyne, and R. E, Steiner. Uranium Solubility in Bismuth-Base Liquid Solu- 
tions. Trans. of Metal. Soc. of AIME, v. 221, No. 1, February 1961, bp, 83-90, 

Holmes, J. F. Survey of Methods for the Removal of Bismuth. Metal Ind. (London), v. 99, No, 6, 
AE 11, 1961, Pp. 110-112; No, 7, Aug. 18, 1961, pp. 124-126; No. 8, Aug. 25, 1961, pp. 146-147. 

* Schweitzer, D, G., and D. H. Gurnsky. Kinetic and Equilibrium Studies of Kedox Reactions in Liquid 
Bismuth. Trans. of Metal. Soc. of AIME, v. 221, No, 1, February 1961, pp. 192-108, 

1 Hare, G. A., and H. D. Mallon. Flectrolytic Polishing of Bismuth. Metallurgia (Manchester, Eng- 
land), v. 63, No. 378, April 1951, pp. 208-209, 

31 Topol, L. E., and R. A. Osteryoung. Polarography of Bismuth in Molten Bismuth (111) Chloride. 
J. Electrochem. ., V. 108, No. 6, June 1961, pp. 573-576, 

13 Mah, Ala D. Heats of Formation of Cerium Sesquioxide and Bismuth Sesquioxide by Combustion 
Calorimetry, BuMines Rept. of Inv. 5676, 1961, 7 pp. 
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Boron 
By Henry E. Stipp * and Victoria R. Schreck ? 


A 


ORON compounds have broad industrial applications, and sales 
are sensitive to changes in industrial activity. Consumption of 
boron materials in the glass and ceramic industries and exports, 

principally to Europe, decreased from 1960. 


TABLE 1.—Salient boron minerals and compounds statistics in the United States 


1952-56 1959 1960 1961 
(average) 
Sold or used by producers: 
Short tons: 
Gross weight 1 631, 214 619, 946 | 640, 591 602, 613 
Boron Oxide 225. 314,286 | 323,955 313, 104 
dr „ „ thousands... $24, 406 $46,150 | $47,550 ; 
r consumption: 
Short tons 23 391 374 15 
í Value. eee thousands.. $60 3 $174 3 $202 
Short ton 182, 907 253,674 | 300,606 | 269,271 
Value thousands. $11,946 $21,047 | $25,576 $23, 212 


1 Gross weight reported for 1952-54 included a higher proportion of crude ore to finished products than 


3 Imports for 1957 include a higher fon of crude ore to refined products. 
3 Revised to include ferroboron and c acid and anhydride. 
! Revised figure. 


DOMESTIC PRODUCTION 


Production of boron minerals and compounds (as measured by 
sales) decreased 6 percent in quantity and 1 percent in value com- 

ared with 1960. A decrease in sales was recorded for each primary 

1 9 ah except anhydrous sodium tetraborate, which increased 
slightly. 

oron minerals and compounds were produced from the brine of 

Searles Lake by American Potash & Chemical Corp. at Trona, Calif., 
and West End Chemical Division of Stauffer Chemical Co. at West- 
end, Calif. Pacific Coast Borax Division of United States Borax & 
Chemical Corp. mined borax and kernite from a deposit in the Kramer 
district near Boron, Calif., colemanite at Death Valley Junction, 
Calif., and ulexite from a deposit near Shoshone, Calif. 

Production of alloy steel ingots (other than stainless steel ingots 
9 boron totaled 297, 434 short tons in 1960 compared wit 
282,063 short tons in 1959.“ 


1 rir d specialist, Division of Minerals. 
2 Statistical clerk, Division of Minerals. 
1 kee y Iron and Steel Institute. Annual Statistical Report. New York, N.Y., 
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American Potash & Chemical Corp. increased plant facilities at 
Trona, Calif., for producing boric acid and sodium tetraborate (an- 
hydrous). United States Borax & Chemical Corp. expanded some 
5 units at Boron, Calif., to increase product output. Olin 

athieson Chemical Corp. received a contract from the U.S. Navy, 
Office of Naval Research, to make research studies on boron polymers. 
Cyprus Mines Corp. and Kern County Land Co. reportedly were to 
reopen the Little Placer mine near Boron, Calif. 

Metal Hydrides, Inc., obtained sole ownership of the sodium boro- 
hydride plant at Danvers, Mass., previously owned jointly by the U.S. 

avy and Metal Hydrides. 


CONSUMPTION AND USES 


Boron minerals and compounds had numerous industrial and agri- 
cultural uses; however, the largest quantity of boron compounds was 
zonsumed by the glass and ceramic industries. Sales of boron com- 
pounds to these industries decreased from 1960 reportedly because of 
a slackness in demand for durable goods, such as refrigerators, stoves, 
and bath tubs, which consume boron materials in porcelain coatings. 
Also sales in the glass-fiber industry, another large consumer of boron 
compounds, did not increase as much as anticipated early in the year. 

Sales of borax consumed as herbicides and plant foods in agricul- 
ture were about equal to sales in 1960. 

Boron materials were used in various other products such as soaps 
and detergents, starch and adhesives, antifreeze, insulation, drugs 
and cosmetics, electrolytic condensers, and in metal smelting. Boron 
nitride was used in producing semiconductors, insulating tubes and 
gek d chemical equipment parts, crucibles, brazing components, and 
gaskets and seals. 

Several new uses were reported. A powdered nickel-chromium- 
boron alloy was flame-sprayed on worn machinery parts to give a 
smooth nonporous hard facing. Boron silicide was considered for use 
as a SE refractory because of its excellent oxidation and thermal 
shock resistance, and as a control rod material for nuclear reactors. 
Borax mixed with cutting oils inhibited corrosion of metals. Among 
other new products for boron compounds were a brake fluid, a 
dry 5 agent, a plastic composition, and a coating material 
for paper. new waterproofing agent that could be used to pro- 
tect sidewalks and highways against chemical action of salt con- 
tained boron and silicon esters. Boron trifluoride-methanol reagent 
was developed for esterification of fatty acids. A new low-carbon fer- 
roboron was marketed for addition to stainless steels used in nuclear 
applications. 


PRICES 


Changes in the exwarehouse prices for a number of boron chemicals 
were made in January 1961 to compensate for higher freight rates. 
The following prices were quoted by Oil, Paint and Drug Reporter: 
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Compound : January!- January 16- 
Borax, technical: January 15 December $1 
Anhydrous, 99.5 percent: (per ton) (per ton) 
Bags, carlots, works $92. 00 $92. 00 
Ton lots, bags, exwarehouse, New York or 
lee... de twee eau 148. 40 153. 40 
Bulk, carlots, works 83. 00 83. 00 
Granular, decahydrate, 99.5 percent: 
Bags, carlots, works 50. 00 50. 00 
Ton lots, bags, exwarehouse, New York or 
Chla ros: ³ĩð2W. K Lie ceu 106. 40 106. 20 
Bulk, carlots, works 43. 50 43. 50 
Granular, pentahydrate, 99.5 percent : 
Bags, carlots, works 64. 50 64. 50 
Ton lots, bags, exwarehouse, New York or 
( ]⁰˙ðͥꝓ a ees 121. 00 122. 40 
Bulk, carlots, works 58. 00 58. 00 
Powder, 99.5 percent: 
Bags, carlots, works 54. 00 54. 00 
Ton lots, bags, ex warehouse, New York or 
RTR EEN 129. 00 131. 40 


Borax, U.S.P., $15 per ton higher than technical. 
Boric acid, technical: 
Anhydrous, 99.9 percent : 


Bags, carlots, works 335. 00 335. 00 
Ton lots, bags, exwarehouse, New York or 
A GEN 392. 40 425. 40 
Crystals, 99.9 percent: 
Bags, carlots, works 163. 50 163. 50 
Ton lots, bags, ex warehouse, New York or 
Chica’ EEN 221. 00 233. 40 
Granular, 99.9 percent : 
Bags, carlots, works: 112. 00 112. 00 
Ton lots, bags, exwarehouse, New York or 
Le A vec cm Usu ese SEE 160. 40 175. 60 


Powder, 99.9 percent: 
Ton lots, bags, exwarehouse, New York or 
Gee... ⁵ĩðij/ ð ĩͤ ee 177. 00 184. 00 
Boric acid, U.S. P., in bags, $25 per ton higher than 


technical. 
FOREIGN TRADE 


Boron carbide imports from West Germany, Canada, United King- 
dom, and France totaled 11,992 pounds valued at $37,361, compared 
with 85,965 pounds valued at $171,805 in 1960. Imports of ferro- 
boron totaled 17,239 pounds valued at $14,190, compared with 33,540 

unds valued at $28,033 in 1960. Boric acid imported from the 

nited Kingdom totaled 7 pounds valued at $509, compared with no 
imports in 1960. In 1961, barium, boron, strontium, thorium, and 
vanadium metal imports not reported separately totaled 30,609 pounds 
Wee at $313,921, compared with 1,507 pounds valued at $22,951 
in 1960. 

Exports of boric acid, borates, and compounds decreased 10 percent 
in quantity and 9 percent in value compared with exports in 1960. 
Exports to Europe and Oceania, which showed large percentage 
increased in 1960, decreased in 1961. European countries such as 
United Kingdom, West Germany, Italy, and France, which reported 
decreases in imports of U.S. boron compounds, were estimated to have 
increased imports of Turkish boron minerals. 


* Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com- 
merce, Bureau of the Census. 
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WORLD REVIEW 


SOUTH AMERICA 


Argentina.— Production of borates decreased from 11,000 short tons 
eo in 1959 to 10,340 tons (estimated) in 1960. Exports also 

eclined from 2,530 to 1,067 tons.“ 

Chile. —Consumption of ulexite in 1960 totaled 3,240 short tons.“ In 
1961 the mines were closed because of large stocks, but they were 
expected to be reopened in the first half of 1962. Sales of ulexite in 
1961 totaled less than 3,300 tons. Exports to Uraguay were 108 
tons. Anglo-Lautaro Co. boric acid plant at Coya Sur produced 247 
tons in 1961 and was expected to produce 4,400 tons in 1962.“ 


EUROPE 


France.—American Potash € Chemical Corp., Los Angeles, Calif., 
and Société d'Électro-Chimie, d'Electro-Métallurgie et des Aciéries 
Electriques d’Ugine (Ugine) established a subsidiary in France, So- 
ciété Européenne du Bore (SEUROBOR), to prepare boric acid. 
A new plant at Pierre-Bénite (Rhóne), near Lyon, was scheduled for 
completion before the end of 1961.“ Borax Francais, S.A., constructed 
additional plant capacity at its Dunkirk refinery.? 

Germany, West.—Manufacture of boron compounds totaled 38,525 
short tons in 1960 compared with 54,298 tons in 1959. ^ Metal Hy- 
drides and Farbenfabriken Bayer A.G., agreed to exchange informa- 
tion on uses for borohydrides. The agreement included patents, 
licenses, and some manufacturing information. 

Italy.—Boric acid production totaled 1,289 short tons (96 percent 
boron in acid) in 1961 compared with 2,438 tons in 1960.*2 

Sweden.—Mo och Domsjo Aktiebolag, Ornskoldsvik, and Metal Hy- 
drides, a U.S. firm, agreed to develop sodium borohydride as a bleach 
for pulp and paper. A DE process patented by the Swedish 
firm will be licensed by Metal Hydrides.'* 

United Kingdom.—Borax Consolidated Ltd. increased boric acid plant 
capacity at Belvedere, Kent.“ 


ASIA 


China.—New deposits of boron were reportedly discovered by Chi- 
nese geological workers.“ 

Israel.—Several U.S. firms were considering erection of a plant to 
produce 6,000 to 7,000 tons of borax annually and a boric acid plant 
with capacity of 10,000 tons per year.!* 


108 Ts. SS Buenos Aires, Argentina. State Department Dispatch 151. Aug. 2, 
„ p. 6. 
Bureau of Mines. Mineral Trade Notes. V. 53. No. 2, August 1961, p. 14. 
Y U.S. Embassy, Santiago, Chile. State Department Dispatch 645. Apr. 17, 1962, p. 26. 
® Bureau of Mines. Mineral Trade Notes. V. 53, No. 1, July 1961, p. 10. 
* Chemical Age (London). Project News. V. 85, No. 2173, Mar. 4, 1561. . 361. 
186 pua Duesseldorf, West Germany. State Department Dispatch 13, July 19, 
. encl. 1. a 
u Chemical Week. Technology Newsletter. V. 89, No. 12, Sept. 13, 1961, p. 60. 
22 U.S. Embassy, Rome, Italy. State Department Dispatch 8 1, May 4, 1562. enel. 1. 
p. 2; State Department Dispatch 941. Apr. 10, 1961, a ; 
ic p U. S. / Swedish Sodium Borhydride Agreement. V. 86, No. 


14 Chemical Age. roject News. V. 85, No. 2178, Mar. 4, 1961, p. 861. 
15 Science Newsletter. Minerals Found in China. V. 79, No. 1, Jan. 7, 1961, p. 384. 
V U.S. Embassy, Tel Aviv, Israel. State Department Dispatch 707, June 6, E 1, p. 4. 
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Turkey.—Production of boron minerals in 1960 totaled 76,823 short 
tons, compared with 80,670 (revised) tons in 1959. Exports in 1960 
totaled 64,417 tons valued at US$2,088,766, compared with 67,646 
(revised) tons valued at US$2,293,557 in 1959.17 Boron minerals 
production in 1961 totaled 71,529 tons valued at US$2,015,800.*¢ 


OCEANIA 


Australia.—Mount Isa Mines Ltd. was granted a 12-month license to 
explore Western Australia’s saline lakes which may contain borax.” 


TECHNOLOGY 


A new hydrous calcium borate (CaO-3B.,0;°4H,O), nobleite, was 
discovered in the Furnace Creek area of Death Valley, Calif.“ The 
platy euhedral mineral was crystallized from weathered colemanite 
and priceite veins in altered basaltic rocks. Monoclinic nobleite had 
a hardness of 3, specific gravity of 2.09+0.01, and was biaxial positive. 

Polymorphic forms of rare-earth borates in general were of the 
same structure as the three forms of calcite.” 

A study of the boron content of the Pierre shale of South Dakota, 
Wyoming, and Montana, indicated that montmorillonite and mixed- 
layer clay apparently contain as much boron as illite.?? Boron content 
in samples tested was related to total abundance of clay minerals, 
rather than abundance of specific clay minerals. Several other factors 
could be responsible for the widespread occurrence of boron. 

The economics of transporting borate ore from the open pit mine to 
surface by truck and belt conveyor system was reviewed.“ Studies 
showed that both systems could be used economically. Trucks were 
used initially but a belt system was used when the pit had been 
developed sufficiently to permit installation of a crusher. 

The use of a sodium calcium borate slurry to control forest fires 
was increasing.“ An analysis of the slurry showed 32 percent boron 
trioxide, calcium oxide 17 percent, sodium oxide 5 percent, and the 
remainder water of crystallization and additives. The slurry was 
mixed to give 3.3 pounds of solids per gallon. The material’s ability 
to control forest and brush fires depended upon three properties; the 
coating excluded air, the white material reflected heat, and borate 
salts were effective fire retardants. 

Probertite was added to an aqueous solution of sodium borate con- 
taminated with calcium.? The probertite settled, carrying down cal- 


i 17 p, Embassy, Ankara, Turkey. State Department Dispatch 99, Aug. 15, 1961, encl. 
` Us. Embassy, Ankara, Turkey. State Department Dispatch 521, Apr. 19, 1962, encl. 


1, p. 1. 

3 Mining World. Mt. Isa Seeks Saline Minerals in Western Australian Playas. V. 23, 
No. 3. Murch 1961, p. 27. 

: rd. Richard C., James F. McAllister, and Angelina C. Vitsidia. Noblefte, Another 
New Hydrous Calcium Borate From the Death Valley Region, California. Am. Mineral., 
v. 46, Nos. 5, 6, May-June 1961, pp. 560-571. 

2 Levin, E.M., R. S. Roth, and J. B. Martin. Polymorphism of ARO- Type Rare Earth 
Borates. Am. Mineral, v. 46, Nos. 9, 10, September- October, 1961, pp. 1030-1055. 

2 Tourtelot, Harry A.. L. G. Schultz, and C. H. Huffman. Jr. Boron in Bentonite and 
Shale From the Pierre Shale, South Dakota, Wyoming, and Montana. Geol. Survey Prof. 
Paper 424—C, 1961, pp. C-288-C-202. 

2 Mining Congress Journal. Economics of Truck vs. Belt Haulage. V. 47, No. 7. 
July 1981, Dp. 48-51. 

* Chemical Engineering News. Forest Fires Spur Demand for Retardants. "V. 88, No. 
29, July 17, 1961. pp. 35-56. 

2 Njes, Nelson P. (assigned to U.S. Borax & Chemical Corp.. Los Angeles, Calif). Pro- 
duction of Sodium Borates. U.S. Pat. 8,000,701, Sept. 19, 1961. 
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cium impurities. Sodium borate solution was separated from the 
probertite and crystallized. l 

A book was published in Russia that described the geochemistry 
and processing of boron, and the properties, manufacture, and use of 
elemental boron, boron hydrides, and halogens.’ Information was 
included on the properties, production methods, technology, and crys- 
tal chemistry of boron compounds with metals and nonmetals. SE 
plications for boron alloys in the manufacture of fireproof materials, 
electronics, machine building, metallurgy, and chemistry were 
reviewed. 

New methods of synthesizing boron monoxide and diboron tetra- 
chloride could speed research in diboron chemistry.* Acid hydrolysis 
of tetra (dimethylamino) diboron at 0° C gave tetrahydroxydiboron 
in 56 percent yield. Dehydration of tetrahydroxydiboron at 250° C 
and 0.5 mm pressure gave boron monoxide in 99-percent yield. Di- 
boron tetrachloride was prepared by passing boron trichloride over 
boron ee at 200° and 450 mm pressure followed by two passes 
at 236° C. 

Information on the structure of vitreous and liquid boronoxide 
(B,O,) and binary borates was reported.? X-ray diffraction studies 
on crystals of BO, and infrared absorption studies of solid and liquid 
B,O, were used to supply some data. The viscosity, electric conduct- 
ance, and density of liquid BO, also was investigated. Nuclear mag- 
netic resonance absorption in vitreous BzOs, viscosity measurements 
of binary borates, single crystal X-ray studies, and mechanism of flow 
in B¿0, were reviewed. 

The density of boron oxide at 500° C to 1,300? C was measured.“ 
The density of rubidium and cesium borates with 20 percent alkali 
oxide content decreased linearly with increase in temperature. 

Polymeric boron monoxide was produced by reacting boron oxide, or 
a metal borate with boron at 800? to 1,800? C. The materials were 
reacted at pressures ranging from 10-* to 10-* mm of mercury and 
rapidly quenched to a temperature below 700° C. 

oron trichloride was prepared by continuously charging carbon, 
boric acid, and a recycle mixture from a third fluidized bed, into the 
first fluidized bed." Air was introduced into the bed to fluidize it, 
oxidizing the carbon and heating the contents to 800° or 900° C, and 
decomposing the boric acid to boric oxide and water vapor. A part of 
the product from the first bed was passed into a second bed with air 
and part of the product from the second bed was then passed into a 
third fluidized bed. Chlorine was charged into the third bed, and 


boron trichloride was recovered from the gaseous effluent that 
formed. 


* Samsonor, G. V.. L. Ya. Markovskiy, A F. Zhigach, and M. G. Valynshka. 
Its Compounds and Alloys). lzdat. Akad. Nauk Ukrain. S.S.R. (Klev), 1960. 589 5 
Chemical Engineering News. Two Syntheses May Spur Diboron Research. V. 39, 
No. Ms Apr. 3, 1001. Pp T Se 
acKenzie, J. D. e Structure o oron Oxide and Simple Borates. Gen, ; 
m E GE a Tr October. 1295 87 a PR: ASTIA, ARL Frech. Note 90 1% 206 
, Pel- ng. An ; ose, an ang-Jen Su. Densit f Mol B 
Rubidium and Cesium Borates. Phys. and Chem. Glasses, d 1. N A O a ANE 
* Chemical Trade Journal and Chemical Engineer (London). 
148, No. 3855, Apr. 21, 1961. pp. 889-890. 
& Juckniess, Paul R. (assigned to The Dow Chemical Co., 
tion of Boron Trichloride. U.S. Pat. 8,000,705, Sept. 19, 1961 
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Anhydrous borax was reacted with magnesium in an inert atmos- 
phere to obtain a boron material which was then reacted with ammonia 
above 650° C to produce boron nitride.*? 

Extremely pure dielectric material with improved properties for 
use as electrical insulation at 500° C was prepared from boron nitride.* 
Hot pressing techniques were used. A method of preparing boron 
nitride capacitors using organic binders was developed. Boron nitride 
was also deposited on platinum metal with a plasma jet to prepare 
capacitors. 

iazonium fluoborates were converted to fluorinated aromatics by 
a continuous process.“ The modified process was fast, gave better 
control, and less carryover loss than a former batch process. 

Surface coatings that gave protection from temperatures as high 
as 6,000? F contained phosphate and boron compounds in a flexible 
polyurethane binder.* 

A waterproofing compounds was developed that contained boron 
and silicon esters in an aqueous base. The boron ester binds the 
silicon ester to calcium in the treated masonry. 

Pyrolytic graphite alloyed with boron had high bend strength at 
temperatures above 3,500° Ra At room temperature the material 
had bend strength of 37,000 psi. The alloy was harder than pyrolytic 
graphite and had better oxidation and erosion resistance. 

wo patents were obtained for preparing materials containing boron 
and graphite.“ The materials had potential use in neutron shields. 

Semiconducting diamonds were manufactured by adding boron, 
beryllium, or aluminum impurities to the mixture of graphite and 
catalyst from which diamonds were made. 

A method of preparing relatively pure alloys of boron carbide and 
a study of their physical properties and phase composition was re- 
ported.“ Boron carbide was prepared by hot-pressing a mixture of 
amorphous boron and lampblack in an argon atmosphere. Alloys of 
boron carbide were studied with metallographic tests, X-ray analysis 
and microhardness, and electrical resistance and thermal electromotive 
force measurements. 

Salts of several diglycol borates were prepared by reacting diglycol 
borate with metallic sodium in boiling toluene or with sodium hydrox- 
ide in cyclohexane.“ Diglycol borates were prepared by reacting a 
glycol with boric acid in benzene solution. 


* May, Frank H., and Charles C. Cook (assigned to American Potash & Chemical Corp., 
Delaware). Process for Production of Boron Nitride. U.S. Pat. 2.959,469, Nov. 8, 1960. 

33 Divens, W. C., and others. Synthesis and Purification of Dielectric Materials. USAF, 
Wright-Patterson AFB, Ohio, September 1960, 68 pp.; ASTIA, AD 247176. 
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The structural analogy between boron and carbon bonding and its 
relationship to boron chemistry was reviewed.* This method of 
studying boron chemistry could be followed successfully by making 
allowances for chemical differences between boron and carbon com- 
pounds having similar structural patterns. 

Filaments of boron had a tensile strength of 500,000 psi and a 
modulus of rupture of 55 million psi for 4-mil-diameter material.“ 
Filaments 700 feet long were produced. Potential application of the 
material was for reinforcing epoxy resin structures. 

High-purity boron for semiconductor research was prepared by a 
method that utilized a boron nitride crucible.** Chlorine was reacted 
with boron oxide and carbon at 700° C to obtain boron trichloride 
and carbon monoxide. The boron trichloride was fractionally dis- 
tilled to decrease contaminating impurities. Yields of 40 to 50 per- 
cent elemental boron were obtained by reducing the boron trichloride 
with excess hydrogen in a quartz tube at 1,100° to 1,200° C. This 
boron was melted in a boron nitride crucible by induction or by elec- 
tron-bombardment furnaces to obtain polycrystalline material. 

New techniques have recently been perfected for preparing titanium 
diboride in large, high-strength, low-cost parts.“ e material had 
a purity of 99.5 percent, density of 0.158 lb. per in’, flexural strength 
of 35,000 psi, and an elastic modulus of 60 million psi over a tempera- 
ture range of 77° to 3,600° F. It had a Knoop hardness of about 
3,300. Oxidation resistance was excellent up to 1,800° F and rela- 
tively low at 2,500° F. Titanium diboride was inert to molten 
aluminum, zinc and slags, but not to molten ferrous metals. 

A method was patented for the production of titanium boride.“ 
A mixture of uncalcined titania hydrate pulp, carbon, and boron oxide 
were slurried and heated from 1,350° to 1,750° C in an inert atmos- 
phere. Titanium boride with a particle size of 1 to 15 microns was 
produced. "m - 

Two refractory materials systems, titanium boronitride and tanta- 
lum borocarbide, were developed." Titanium boronitride materials 
melted or sublimed at about 3,000? C. Several titanium boronitride 
samples were machinable with carbide tools. The materials were 
prepared by applying high temperatures d pressures in a sys- 
tem which eld pressure constant and permitted a change in volume. 
Experimental] work covered the effect of composition on properties in 
the titanium boronitride system. l 

Titanium boride and 5 percent boron carbide withstood a Mach 2 
jet for 2 minutes at a temperature of 380° RA 


43 Burg, Anton B. Bonding in Boron Compounds asd in Inorganic Polymers. J. Chem. 
Ed., v. 37, No. 9, September 1960, pp. 482—490. 
keng Ma 1 n Engineering. What's New in Materlals at a Glance. V. 54, No. 
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Excessive corrosion of the boron control rods in the atomic reactor 
at Idaho Falls, Idaho, could have allowed reactivity in the core to 
rise to a point beyond the ability of the control od to contain the 
reaction.“ 

A boron phosphate-silica ceramic that compared with fused silica 
was developed.“ Silicon and boron phosphate powder were mixed, 
melted, and poured into water. The nodules that formed were 
crushed and fabricated with binders. Boron phosphate was recrystal- 
lized by a second firing. 

A report describing a method of synthesizing zirconium diboride 
directly from zirconium silicate was published. Zirconium diboride 
prepared by this method was comparable in quality to that produced 
commercially from zirconium dioxide. 

The chemical stability of beryllium borides in oxygen nitrogen, and 
carbon at temperatures up to 1,200? C was descri ed The most 
stable compounds were those with a high boron content; whereas the 
least stable were borides with a high beryllium content. 

Cadmium manganese ferrites were treated with boron before sinter- 
ing to promote grain growth.? Boron additions accelerated reaction 
rates. 

Lanthanum boride had a thermal coefficient of resistivity equal to 
0.06 microhm per centimeter per degree centigrade.“ Thermal elec- 
tromotive force of test samples was independent of porosity. 

Rocket nozzles were protected from oxidation and erosion by a coat- 
ing of chromium and zirconium boride that was applied to metals 
and nonmetals by an electro-deposition process.“ This coating pro- 
tected 5 rocket engines at flame temperatures of 6,000? to 
6,500 F. 

Research on the a plication of high-melting boride erucibles was 
reported.“ Pieces of carbon steel, melted in titanium boride crucibles, 
showed an interaction which led to the formation of low-melting eu- 
tectics. Chromium or titanium boride crubicles alloyed with 
molybdenum were not affected by molten carbon steel. Molten alloy 
stee] interacted with chromium boride crucibles. No visible inter- 
action occurred despite wetting of chromium boride crucibles by basic 
and acid slags. ‘Tungsten boride crucibles exposed to molten cast 
iron were unchanged, and their mechanical strength was not affected. 
Molybdenum boride crucibles were heat resistant and showed no 
cracks after repeated immersions into molten cast iron. Zirconium 
boride crucibles were not wetted by molten tin, bismuth, lead, and 
cadmium after an immersion of 10 hours. 


* Chemical Engineering. Chementator. V. 68. No. 2, Jan. 23, 1961, p. 74. 
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The vacuum-thermal process for production of high-melting metal 
borides was investigated." Relatively simple and economic produc- 
tion of borides was developed with a high degree of impurity removal. 

A Russian paper presenting information on the structure and prop- 
erties of borides of rare-earth metals was translated. Hexaborides 
(MeB,) of sodium, lanthanum, cerium, praseodymium, neodymium, 
gadolinium, erbium and ytterbium had cubic lattice of the cesium 
chloride type, centered by the octaohdron of six boron atoms. Dibo- 
rides (MeB,) had structures which presented a successive alternation 
of a See layers of metal atoms, located in the nodes of the densely 
packed hexagonal lattice with a small c to a ratio, and layers of boron 
atoms, which formed a two-dimensional hexagonal network. The 
structure of tetraborides was described as a combination of the MeB, 
and MeB, structures. MeB,, borides were considered to have the 
face-centered cubic coordination of metal atoms. 

Hexaborides of lanthanum, cerium, calcium, barium, samarium and 
yttrium displayed metallic conductivity. All hexaborides of rare- 
earth metals were characterized by low values of electron work junc- 
tion and some by high emission currents. Hexaborides of yttrium 
and lanthanum were diamagnetic. All hexaborides tested exhibited 
a positive sign for thermal electromotive force. Borides of scandium, 
yttrium, and lanthanum were characterized by high-melting points 
and hardness, moderate coefficients of thermal expansion, and good 
chemical stability. The chemical properties of borides, methods of 
obtaining the borides of rare-earth metals, and sintering techniques 
were reviewed. 

Waste nuclear fission products were stored in a glass mixture pre- 
pared with a slurry of silica and borax.*? 

The addition of boron compounds to portland cement was studied 
to determine which compounds would impart radiation protection 
properties to the cement.“ Deterioration of the mechanical properties 
of cement by addition of soluble boron compounds depended on the 
quantity of boron added. The addition of lime to cement slightly 
inhibited the deteriorating effects. The addition to cement of water 
insoluble materials, such as datolite (2CaO- BO; · 28102: · H: O), pro- 
duced satisfactory setting time and mechanical properties. Cement 
made from clinker containing no more than 1.3 percent boron an- 
hydride had satisfactory properties. 

A study to determine if boron-oxygen-titanium-oxygen linkages 
could be developed was reported." Although there was a replacement 
of alkoxy group by chlorine in reacting titanium alkoxyl with boron 
trichloride, the boron chloroester could not be isolated. Nontitanium 
compounds were chiefly alkyl choride, boric oxide, and boron 
trichloride. 

The high temperature strength characteristics of fiberglass lami- 
nates was improved by dispersing elemental boron in an organic resin, 


* Funke, V. F., S. I. Yudkovsk!i, and G. V. Samsonov. (Some Characteristics of th 
Vacuum-Thermal Process for Production of Titanium Boride). J. Appl. Chem., v. 33, 
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impregnating a my fiberglass fabric with the resin, and forming, 
curing, and subjecting the product to a temperature of at least 1,300° 
6 


_ Annealed borosilicate glass was employed in preparing master grat- 
ings for use in place of prisms in optical instruments.* Up to 50,000 
straight, equally spaced, parallel lines were ruled on a piece (1 inch 
wide) of the aluminum-coated glass. 

Two ceramic materials, hexaboron silicide (B,Si) and tetraboron 
silicide (B,Si) were developed for high-temperature applications.“ 
These materials had good thermal shock and oxidation resistance u 
to 2,500° F, and could be fabricated by conventional powder metal- 
lurgy techniques. Tetraboron silicide partly dissociated to hexaboron 
silicide and silicon at high temperatures. 

Studies of a polymorphic inversion in crystalline boron oxide, com- 
pound formation in the B,O;-SiO, system, and a two-liquid area in 
the B,0;-SiO, system were made.“ 

Volume, ultrasonic attenuation, and velocity changes in glass caused 
by slow neutrons reacting with boron 10 were studied.“ Irradiated 
samples of boron glass exhibited birefringence caused by nonuniform 
shrinkage. Annealing of samples caused relatively large contraction 
compared to irradiation change. Annealing did not appear to alter 
contraction caused by irradiation. Photoelastic measurements of 
nonuniform shrinkage gave a nonlinearity between birefringence and 
irradiation time. 

Deficiencies of boron in soils of the United States were present 
chiefly in humid regions." Boron deficiencies were present frequently 
on highly leached acid soils and on most alkaline soils. Microbial 
action relensed boron from organic matter, but during a drought not 
enough boron wns released. 

Geobotanical indicators were used to prospect for deposits of boron 
minerals.“ 

It was reported that cotton plants reacted sharply to an increase of 
boron concentration in soil solution.“ The greatest quantity of boron 
accumulated in the leaves. A study of penetration and movement of 
boron through cotton plants showed there was more boron in the bot- 
tom leaves than in the top ones. Boron absorbed by the roots moved 
rapidly into the leaves as inorganic compounds and combined with 
organic compounds to form complex organoboric molecules of low 
mobility. Boron introduced into the soil prior to sowing accelerated 
the appearance of the first bud, flower, and bursting of the first boll. 
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Boron also increased the yield of raw cotton and percentage of seed 
in the bolls, and it appreciably increased the oil content of the seed. 
Spraying of the plants with 0.01 percent boric acid solution in the 
bud-forming and flowering periods had favorable results. 

A liquid high-energy fuel was prepared by contacting a lower 
alkyl diborane with pentaborane -9.7° 

A patent was granted for a motor fuel consisting of leaded gasoline 
and a boron compound. The boron compound was prepared by re- 
acting a borated oxazoline compound with a nonoxidizing acid. 

A new process for preparing sodium borohydride could reduce man- 
ufacturing costs considerably.? Borax, quartz, and sodium were 
reacted under hydrogen at three atmospheres of pressure and a tem- 
pou of 450? to 500? C. "The sodium borohydride was extracted 

rom the solid mixture of sodium borohydride and sodium silicate with 
aqueous ammonia. 

A new boron hydride was discovered which contained a direct bond 
between two boron atoms that had no attached hydrogen.” The 
material was pre ared by passing pentaborane (B,H,) through an 
electric glow-discharge tube between copper electrodes. Reaction 
conditions were varied and volatile compounds were collected and 
separated. Crystals slightly more volatile than decaborane (B;,H;,) 
were obtained. 

Mixtures of tetraborane with oxygen, and oxygen and inert gas, ex- 
loded on EE Data indicated a branching chain reaction. 
etraethyl lead inhibited the reaction and in some areas prevented ex- 

plosion. Argon had no effect on the reaction. 

A spas was patented for recovering amine borane from a com- 
pound formed by reacting a heavy meta] borohydride with a sulfide 
in a base containing liquid nitrogen.“ 

Decaborane was introduced into single and double base materials.“ 
The heat stability of the single-base decaborane was satisfactory, 
whereas double-base mixtures were unsatisfactory. 

Pentaborane was prepared by pyrolysis of diborane passed through 
a hot tube.“ An overall yield of about 18 Dees per pass was ob- 
tained. New methods of making boron hydrides were investigated. 
Methylborate was prepared from an excess of boron oxide and metha- 
nol. The addition compound NH; : B(OCH,;); could be used for pre- 
paring borozole. Several new methods of preparing boron hydrides, 
which could reduce production costs, consisted of reactions between 


7 Lichtenwalter, Merl and Kenneth E. Harwell (assigned to Callery Chemical Co., 
Peer ity: Pa.). Preparation of Alkyl Substituted Boron Hydrides. U.S. Pat. 2,979,530, 

r. 11, 1961. 

i Belden, Sarah H. (assigned to The Standard Oil del, DE Cleveland, Ohlo). Gaso- 
lines Containing Acid-Treated Borated Oxazolines. U.S. Pat. 2,993,765, July 25, 1961. 

72 Chemical Engineering. Solids-Gas Reaction Slashes Production Cost, Brightens So- 
dium Borohydride Future. V. 68, No, 12, June 12, 1961, PR, 9 : 

73 Chemical Engineering News. Harvard Group Finds New Borane. V. 39, No. 84, 
Aug. 21, 1961, pp. 36-37. 

14 Tudlum, Kenneth H., Stephen F. Wiberley, and Walter H. Bauer. The Oxidation of 
Tetraborane. Rensselaer Polytech. Inst., Troy, N.Y., June 1981, 81 p .; U.S. Dept. of 
Commerce, Office Tech. Services, AD 259093. V. 36, No. 6, Sept. 20, 1961, DP. 13, 14. 

7% Schubert, Friedrich, and Konrad Lang (assigned to Farhenfabriken Bayer A. G., 
Leverkusen, Germany). Process for the Production of Boron-Nitrogen Compounds. U.S. 
Pat. 2,994.698, Aug. 1, 1961. 

7 Semel, Stanley, Yvan C. Carignan, and Frank J. Masuelll. Reactions of Decaborane 
with Cellulose and Cellulose Derivatives. Feltman Res. Labs., Dover, N.J., Tech. Note 
FRL-TN-16, December 1960, p. 1. 

7 Walters, S. L., R. M. Bovard, and R. H. Shapely. The Preparation of Pentaborane 
and the Evaluation of the Hazards of Handling Diborane and Pentaborane. Mine Safety 
Appliances Co., Callery, Pa., May 11, 1954, 23 pp.; Dept. of Commerce, Office Tech. Serv- 
ices, PB 167709. V. 36, No. 8, Oct. 20, 1961. 
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an active metal and boron halides or esters. The mechanical shock 
stability of diborane and pentaborane was tested. 

Studies on the toxicology of boron fuels were reviewed.“ Infor- 
mation on the absorption and transport of boranes and evidence of 
chronic buildup of boranes in the human body were presented. Data 
from animals were correlated with studies and observations of acci- 
dental human exposures. 

A modification of the sodium borohydride-sulfuric or methanesul- 
fonic acid reaction was developed.” Yields of 94 to 97 percent 
diborane were obtained by reacting sodium borohydride with phos- 
phoric acid and added p pentoxide. e thermal con- 
version of diborane to pentaborane-11 also was studied. The first 
stable boron hydride produced by decomposition of diborane the 
authors believe was (B. Hi o) 5 B. Hs CO was success- 
fully prepared from tetraborane and carbon monoxide. The reac- 
tion between lithium amalgam and diborane produced a white solid 
with properties similar to those of lithium borohydride. , 

A series of experiments was conducted to determine the lower limit 
of oxygen pressure for combustion of boron.® Excellent self-propa- 
gating burning was obtained at 0.04 atm at both 500 and 1,000 cm/sec. 
oxygen linear flow velocity. Boron reacted with water vapor at at- 
mospheric pressure and temperatures between 1,400° and 3,000° K. 
When boron was heated to 2,000° K beneath water, hydrogen gas was 
evolved. Boron also was heated in a nitrogen plasma jet to temper- 
atures of 2,300° K, but very little boron was consumed, showing the 
low reactivity of boron and nitrogen. 

Vacuum evaporation and colorimetric studies to determine boron 
hydrides in pentaborane (B, H,) and decaborane (B;,H,,) in the solid 
residue was reported.“ 

Flameproofing chemicals containing boron were tested in a Titan 
rocket thrust chamber.“ The boron compounds applied with brush 
or Spry protected metals by becoming intumescent. 

rimethylborane of 99.9 mole percent purity was prepared by a 
special technique.“ Measurements of some thermodynamic properties 
of the nm ee were as follows: Equilibrium melting temper- 
ature, 113.21° K ; molae heat of fusion, 3,250 abs j/mole; molae heat of 
transition, 810 abs j/mole; heat of formation, 34.8 kcal/mole; heat of 
combusion, 714.5 kcal/mole at 25° C. 

The escape of hydrogen gas from a stored solution of soda and 
sodium borohydride caused an explosion in a chemical factory.“ 


7 Miller, D. F., A. A. Tamaa, L. Robinson. and E. Merriweather. Cumulative Effects of 
Borane Toxicity ar Revealed by a Clinical Test. Wright Air Development Div., Air Res. 
and Development Command. USAF, Wright-Patterson AFB, Ohio, WADD Tech. Rept. 60- 
604. August 1960, 11 pp.; ASTIA, AD 247355. 

"2 Schaeffer, Riley. An Experimental Investigation on the Chemistry and Interconver- 
sion of Boron Hydrides. Dept. of Chem.. Indiana Univ. (Aeronautical Res. Lab., Air 
Force Res, Div., Alr Res. and Development Command, USAF, Wright-Patterson AFB, 
Ohio), ARL Tech. Rept. 60-334, December 1960, 29 pp.; ASTIA, AD 252810. 

%% Experiment Incorporated. Combustion of Elemental Boron. TM-1211, Richmond, 
Va.. Mav 1, 1960, 10 pp.: ASTIA, AD 248955. 

5 Gnshenrinn, Berge B., and J Gonzales. Determination of Dissolved Solids and De- 
carborane in Pentaborane. Air Force Flight Test Center, Edwards AFB, Calif., Air Res. 
and „ Command, USAF, AFFTC-TN-—60-30, November 1960, 12 pp.; ASTIA, 

é mid. 
pia NE Technology. Moor No E Apr. B: 1961, p. 44. 
atlona urean o tandards, Technica ews Bulletin. High-Purity Trim — 
bornar M 135 20 9 June 1251 ch ea ig i Fn 
'mical Trade Journal an emical Engineer (London). Current Topics. ‘ 
No. 3867, July 14, 1961, p. 78. di £ b 
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1 of hydrogen occurred even in alkaline borohydride solutions 
0 10.5. 

Tablets containing sodium borohydride and cobalt chloride re- 
acted in water to form cobalt boride which catalyzed the hydrolysis 
of sodium borohydride, liberating hydrogen.“ 

Trialkylboranes were reported to be pyrophoric, toxic, and insensi- 
tive to water.“ Autoxidation occurred in all alkylboranes, but the 
reaction was not vigorous for compounds with high molecular weights. 
No toxicity data for trialkylboranes had been published, but they were 
treated as if they were toxic. Alkylborane fires produced fumes con- 
sidered to be toxic. Water showers could be used on organo boron 
fires. Trialkylboranes did not react with water or alcohols under 
normal conditions. 'They were stored in glass containers, but little 
was known about their stability in metal containers. Copper was 
inert to alkylborons; however, tygon plastic tubing was used in con- 
ducting laboratory reactions involving boron compounds. As a 
safety precaution, laboratory distillations of organoborons should not 
exceed 500 m] and waste organoborons should be diluted with hydro- 
carbon and transferred to a hood. Then the material should be ex- 
posed to air from 24 hours to 1 week. Hydrogen peroxide was added 
to the organoborons before disposing of them. 


5 Chemical Engineering News. Hydripills Generate Hydrogen for Lab Use. V. 39, No. 
31, July 31, 1961, p. 44. 

5 Mirviss, S. B., A. J. Rutkowski, C. W. Seelback, and H. T. Oakley. Pyrophorle Or- 
ganometallics. Ind. Engr. Chem., v. 53, No. 1, January 1961, pp. 68A-60A, 62A. 


B romine 
By Henry E. Stipp * and Victoria R. Schreck ? 


4e 


ALES of bromine and bromine compounds in 1961 rose 3 percent, 
reversing the preceding year’s trend. Exports increased for the 
second consecutive year. 


DOMESTIC PRODUCTION 


The gain in total sales of bromine in 1961 was attributed chiefly to 
increased sales of ethylene dibromide. Inasmuch as a large portion 
of total bromine production goes into ethylene dibromide, even a small 
change in gasoline sales causes a substantial change in sales of bro- 
mine. Gasoline production totaled 1,532 million barrels in 1961, 
compared with 1,522 million barrels in 1960. 


TABLE 1.—Sales of bromine and bromine compounds (bromine content) by 
primary producers in the United States 


(Thousand pounds and thousand dollars) 


Year Quantity Value Year Quantity Value 
1952-56 (average)..........- 77. $38, 923 || 19599 195, 483 $51 
i GT EEN 191, 971 48 ¡A 175, 010 44, 637 


, 038 || 1960 
WON S MOS 176, 397 40, 689191544 180, 798 44, 517 


Ethyl Dow Chemical Co. recovered bromine from sea water at 
Freeport, Tex., and FMC Corp.,; Mineral Products Division, extracted 
bromine from sea water bittern at Newark, Calif. Plants of The Dow 
Chemical Co. at Midland and Ludington, Great Lakes Chemical Corp. 
at Manistee, Michigan Chemical Corp. at East Lake and St. Louis, 
and Morton Chemical Co. at Manistee recovered bromine from well 
brines in Michigan. FMC Corp. recovered bromide from well brines 
in Michigan. FMC Corp. recovered bromine from well brines at 
South Charleston, W. Va.; Michigan Chemical Corp. and Arkansas 
Chemicals, Inc., extracted bromine from oil-well brines near El Do- 
rado, Ark. American Potash & Chemical Corp. extracted bromine 
from the brine of Searles Lake at Trona, Calif. 

Arkansas Chemicals, Inc., completed its bromine plant south of El 
Dorado, Ark. The plant capacity was rated at 30 million pounds per 
year. Bromine output was sold to Great Lakes Chemical Corp. and 
Houston Chemical Corp. Houston Chemical used its bromine to 
prepare ethylene dibromide-tetraethyl lead antiknock mixture. 

Michigan Chemical Corp. completed expansion of its bromine 
plant capacity at El Dorado, Ark., to 10 million pounds per year. 


1 Commodity specialist, Division of Minerals. 
3 Statistical clerk, Division of Minerals. 
* Name changed from Food Machinery and Chemical Corp., May 28, 1961. 
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Germanium tetrabromide in semicommercial quantities was mar- 
keted by Penn Rare Metals, Inc., Revere, Pa. 


TABLE 2.—Bromine and bromine compounds sold by primary producers in the 
United States 


(Thousand pounds and thousand dollars) 


Gross Bromine 
weight content ! 
1960: 
Elemental bromine. ..............-. eee eee eee nw ere re 18, 878 18, 878 
Methyl DOM ene mohod RE DRE aUe NE 10, 247 8, 625 
Other bromine compounds 7 177, 823 147, 507 
Total A f mn D ee 206, 948 175, 010 
1961: 
Elemental bromlpe  .- cc Lc cL eee Lec eee eere 17, 706 17, 706 
Methyl bromid@cc< os oso ori cc cen ace ds 10, 260 8, 636 
Other bromine com pounds ) eee ee enene- 184, 531 154, 456 
Totäl EE ee 212, 407 180, 798 


3 Calculated as theoretical bromine content ent in compound. 
3 Includes ethylene dibromide, sodium eelere bromide, potassium bromide, ethyl bromide, 
and other bromine compounds. 


CONSUMPTION AND USES 


The largest portion of bromine compounds sales was as ethylene 
dibromide, a component of gasoline antiknock fluid. Ethylene dibro- 
mide also was used in fumigating mixtures for treating soil and 
seeds. Although consumption of ethylene dibromide increased in 
1961, the general consumption trend has been down since the peak 
year of 1956. Elemental bromine, the second largest consumption 
item, was used for preparing ethylene dibromide, laboratory reagents, 
bleaching and disinfecting agents, brominating dyes, lachrymators, 
and swimming pools sanitizors, and in chemical synthesis and water 
purification. Methyl bromide, another large consumption item, was 
es principally in fumigating mixtures but also as a fire-extinguishing 

uid. 

Potassium and sodium bromide were the next principal bromine 
compounds consumed; however, several other compounds also 
accounted for substantial sales. The alkali bromides—those of potas- 
sium, sodium, and ammonium—were used principally in the prep- 
aration of sedatives and medicines, and photographic Bites films, and 
emulsions. Potassium bromate was added to jour to improve the 
quality, and in the laboratory it was used as an oxidizing agent. 

Bromine compounds such as monobromotrifluoromethane and bro- 
modichloromethane were used as fire-extinguishing agents. Bromo- 
chlorotrifluoroethane served as a nonflammable anesthetic. 'The use 
of bromine compounds as flameproofing agents, fumigants, and water 
purification compounds was reported to be growing at a significant 
rate. Bromobutyric acid was used as an intermediate for preparing 
amino acids and hormones, as a fungicide, as a germicide, and as a 
hent stabilizer for photographic film supports. Di-n-propyl bromace- 
tal was offered for use as an intermediate for amino compounds, 
ethers, and heterocyclic chemicals. 
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Some of the numerous minor uses of bromine and its compounds 
were in dehumidifying agents, atomic shields and viewing solutions, 
hydraulic liquids, flotation media, and rubber additives. 


PRICES 


Prices for bromine and bromine compounds remained steady and 
were virtually the same as in 1960. The following prices were quoted 
by Oil, Paint and Drug Reporter: 


Cents per 
pound 

Bromine, purified, cases, carlots, ton lots, delivered east of Rocky 
Aan. ee 32 
Cases, less than carlots, same basis 22222 34-39 
Drums, carlots, ton lots, delivered east of Rocky Mountains 31 
Drums, less than carlots, same basis.......... EN E 31-34 
Tanks, carlots, same basis...-....-..--.--.-.----...-------.---- 21% 
Ammonium bromide, N.F. granular, drums, carlots, freight equalized____ 44 
Drums, less than carlots, same basis 222222 46 
Bromochloromethane, drums, carlots, freight equalized 48 
Drums, less than carlots, same basis... 222 50 
ji CENE e dass...... ii a 47 
Ethylene dibromide, drums, carlots, freight equalized 8014 
Drums, less than carlots, freight equallzed 2 31% 
Tanks, freight equalized— LL LL LL LL LL LLLA LL LL LLL 2-2 2L 2814 
Potassium bromate, 200-pound drums, carlots, freight allowed 49 
Potassium bromide, U.S. P., granular, barrels, kegs 3940 
Sodium bromide, U.S.P., granular, barrels, drums, works 40 


FOREIGN TRADE* 


Imports of bromine and bromine compounds totaled 269,582 pounds 
valued at $184,708, compared with 121,943 pounds valued at $102,015 
in 1960. Sodium bromide imports totaled 24,000 pounds valued at 
$9,376, compared with 225,220 pounds valued at $89,299 in 1960. 

Bromine, bromides, and bromates exports increased for the second 
consecutive year to a record 11.1 million pounds valued at $3 million, 
compared with 10.2 million pounds valued at $2.9 million in 1960. 


TABLE 3.—U.8. exports of bromine, bromides, and bromates, by countries 


—— 


1960 1961 
Destination ————O————— 
Pounds Value Pounds Value 
North America 

Bahamas. Ee 1,012 8606 6, 588 $2, 754 
Berm EE 8 4, 800 3, 060 4, 068 3, 287 
CaünadB. EE RR 055, 138 1, 193, 151 6, 407. 557 1, 127. 375 
Canal Zone soc so ³ðVWA ( A 8 7, 767 2, 579 
Costs oon. MEET" 2. 000 1. 138 1, 536 1, 236 
UDG Sooo ec E 8 16, 800 A ĩ es 
Dominican Republic............................... 500 )J77Üͤ 0 A 
FP ↄ ⁰ ͥ ͤ̃—̃—̃T 8 41. 770 13. 151 17. 415 5, 851 
Oüusatemala.. ss cece Mee x Ue ud 16, 560 7, 862 29. 564 8, 889 
Hendu ttt A Oba dee ede §, 025 2, 054 7, 497 2, 506 
. ⁵ↄðiLĩ»ͤ.w o EEN 288 2 444 
III 659. 180 308, 323 459, 273 240. 645 
Nenn wt AA 2. 248 1.7 420 1, 496 
Pn ͥ 8, 840 2. 711 2. 822 
Trinidad and Tobago 11 290 2, 085 1, 048 
o A ees a a tee 8 7,711,273 | 1,544, 563 | 6, 947, 760 1, 398, 932 


e Wien on imports and exports compiled by Mae B. Price and Elsie D Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com- 
merce, Bureau of the Census. 
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TABLE 3.—U.8. exports of bromine, bromides, and bromates, by oountries.—Con. 


1960 1961 
Destination 
Pounds Value Pounds Value 
South America: 
o E, VE, WE 19, 849 9, 265 
Ter cot EE E, 8 30U 240 
A A EE 1, 411, 726 713, 799 896, 500 455, 470 
A A A Eege 1, 000 500 272 37 
Seng; y 17, 100 9, 834 27, 189 6. 473 
ö ͥ‚jÜOA ³²¹ mA ³˙o 6A ͤp..“!. wk . . o 1. 000 839 
Fag. E, A 5, 000 2,034 
FJC EEE . ⁰ym A sex 3, 600 2, 181 3, 980 2, 410 
AD ĩð w ĩ tes diat 26 201 |. E EC 
Gi WEE 58, 942 31, 479 52, 184 21, 533 
r! eee. 1, 492, 394 757,997 | 1,006, 274 498, 634 
Europe: 
Ain... ⁵ ↄ d 8 4. 800 2. 730 
Belgium- Luxembourg kk 15, 960 18, 422 15, 616 8, 459 
Sense. ð yd y 880 1. 914 
ll! . y ĩ . 8 9. 088 5. 473 33. 655 9. 769 
Frünge so oc asec ?Ä᷑᷑ E 90, 080 46, 537 116, 262 68, 238 
Germany, West 41, 766 30, 435 66, 041 38, 191 
e ß ere eee 3, 000 1, 538 3, 468 1, 343 
a AA , 200 , DEEN? 
Kaly LAS ONE ͤ ͤõͤͥyĩ³¾VW ͤ V ͤ 50, 190 27, 066 1, 122, 531 234, 242 
Netherlands... 81, 988 61, 343 355, 173 95, 976 
INOPW OY iones 800 264 400 260 
BOR EE, A 8 662 990 
SS ³¹¹¹¹¹⁰¹ 0. A 10. 900 5. 509 11. 239 4. 841 
Switzerland. .d 8 129, 940 64, 159 125, 570 260, 380 
United Kingdom 48, 219 67, 621 41, 282 28, 811 
/ ³o AA 486, 131 321,756 | 1,897, 579 754, 144 
ä —— ——-— F 
As la: 
e dd E 8. 800 6, 165 32, 954 19, 973 
Han y 8 410 rr / A ote ioe 
Tih EE 22, 914 16, 501 27,878 16, 132 
O ³˙w¹A A EE 260 QUA E E ARA 
//... sd 520 523 1, 890 2, 223 
Korea, NN ...... e 150 250 
Enn E E EE 4, 880 2, 451 1, 600 888 
Pakistan A ¶ſVſſꝙVSdͥͥ ⁵ ↄ AVV A 2, 800 1, 554 
PhiliDDIDeS.. sosa rn A 9, 599 8, 420 11, 838 5, 550 
Bald Kah 8 480 350 250 444 
ß 1. 400 1, 050 2, 300 1, 782 
F ĩðWAA » 88 6. 888 3. 402 L 680 1, 361 
III! ³˙www cud uses eaweue 11, 404 2, 080- |-« esse ccce dE 
bio m ——————— y e 1, 150 1, 380 
l! A 67, 555 46. 701 84, 490 51. 546 
Canary Islands ß , totes. 34, 995 8, 679 
h RCM 2, 150 „ ir. PA 
f pff VE EE 1. 600 888 
Mam 51. 200 23 400 es het. DEE 
Rhodesia and Nyasaland, Federation of............ 195, 856 94, 080 053, 701 191, 217 
Union of South Africa... u Pk: eee ee 178, 544 79, #94 96, 632 36, 720 
United Arab Republic (Egypt) 7, 500 / EE 
Noel!!! 8 d See 435, 250 202, 389 |—1, 086, 923 237, 504 
Oceania: 
ai Aas Lene 30, 780 14, 662 97, 054 39, 437 
New Leal ME 17,795 Le Géi VE AN 
EY) CNR 48, 575 25, 019 97. 054 39, 437 
Gde. A 10, 211, 178 2, 898, 425 | 11, 120, 085 2, 080, 197 
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WORLD REVIEW 


France.—Production of bromine in 1960 totaled 2,216 short tons val- 
ued at US$691,187.5 

Germany, West.—Bromine and bromine compounds production in 
1960 totaled 2,317 short tons valued at about US$1.1 million.“ Bro- 
mine production capacity of plants at Cassel and Sarzdetfurth was 
increased.’ 

India.—Production of 540 tons per year of ethylene dibromide was 
scheduled for a new plant to be completed in March 1963 at Bombay.* 

Israel.—The World Bank loaned $25 million to Dead Sea Works, 
Ltd., to help finance expansion of bromine and other facilities at 
Sodom. Expansion of the Dead Sea Works, Ltd., plant was ex- 
pected to increase bromine production to 10,000 short tons in fiscal year 
1961-62. 

Elemental bromine production in the 1960 calendar year totaled 
2,646 short tons; output of bromine compounds reached 1,519 short 
tons. 

Italy.—Elemental bromine production in 1960 totaled 66,288 pounds 
valued at US$644.1? 

Japan.—Production of elemental bromine in calendar year 1960 
totaled 2,151 short tons. Potassium bromide manufacture was 390 
short tons, compared with 349 short tons (revised figure) in 1959." 
A $ million plant at Kurobe City was scheduled to start producing 
580 tons per year of bromine and other byproducts in March 1961.“ 


TECHNOLOGY 


Arsenic tribromide immersion liquids that had been stored for 10 
years were tested for indexes of refraction.5 Changes ranged from 
— 0.004 to 0.001. Some liquids contained a fine precipitate but had no 
large crystals. Liquids tested were otherwise transparent and suit- 
able for use. 

Liquefied bromotrifluoromethane was reported to be 6 to 12 times 
as effective on a weight basis as carbon tetrachloride for extinguishing 
Dres "18 Bromotrifluoromethane was 314 to 7 times as effective as car- 
bone dioxide and twice as effective as dry sodium bicarbonate. A 
chemical reaction between bromotrifluoromethane and combustion 


ë U.S. Embassy, Paris, France. State Department Dispatch 363. Sept. 29, 1961, encl. 


1, p. 1. 
Si US Embasy, Düsseldorf, West Germany. State Department Dispatch 13. July 19, 
, encl. 1, p. 2. 

* Chemical trade Journal and Chemical Engineer (London). Notes From Abroad. V. 
149, No. 3884, Nov. 10, 1961, E 1040. 

® Chemical Engineering. PI News Briefs. V. 68, No. 25, Dec. 11, 1961, p. 196D. 

* Oil, Paint and Drug Reporter. Potash, Bromine Project Gets $25 Million Loan. V. 
180, No. 3, July 17, 1961, n 82. 

19 Bureau of Mines. Mineral Trade Notes. V. 52, No. 5, May 1981, p. 6. 

1 Embassy, Tel Aviv, Israel. State Department Dispatch 758. June 28, 1961. 
encl. 1, p. 1. 

13 U.S. Embassy, Rome, Italy. State Department Dispatch 941. Apr. 19, 1961, encl. 


1, p. 2. 
i B Eu Embassy, Tokyo, Japan. State Department Dispatch 1,172, Apr. 18, 1961, encl. 
f Chemical Week. Porsige e V. 88, No. 5, Feb. 4, 1961, p. 25. 

1 Meyrowitz, Robert, and Harold estley. The tan of the Arsenic Tribromide 
ER Liquids During Storage. Am. Mineral, v. 46, No. 5-8, May—June, 1961, pp. 


i$ Chemical Engineering. Fire Extinguisher Outstrips Itself—and Its Theory. V. 68, 
No. 16, Aug. 7, 1961, p. 78. 
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products was said to cause rapid and violent flame propagation, 
cutting off the combustion chain reaction. 

A convenient and controllable method for the preparation of bro- 
mide alkoxides of zirconium was reported." The exothermic reaction 
between zirconium isopropoxide and acetyl bromide was rapid and 
straightforward, quantitatively yielding the dibromide diisoprop- 
oxide of zirconium. 

The heat of formation of the hypobromite ion was reported as 
—23.05+0.2 kcal per mole 

A process was patented for hologenating butyl rubber with bromine 
and chlorine to produce a copolymer that gave improved adhesion 
with natural Gelee diene-styrene rubber, and diene-acrylonitrile 
rubber.!? 

A patent was granted for brominating butyl rubber in the presence 
of heterocyclic tertiary amines.”° 

Studies designed to clarify details in peroxide-induced additions 
of hydrogen bromide to olefins were conducted at the Pennsylvania 
State University.? The experiments indicated that a complete re- 
arrangement of a carbon skeleton could result from removing a hydro- 
gen atom from the methyl groups of 2-propyl and tert-butyl bromides. 

Bromine or chlorine was bubbled into crude trona solution to de- 
crease the foam of sodium products derived from trona.?? 

The synthesis of m-bromo-phenyllithium under nitrogen, in dark- 
ness, and in a hydrocarbon solvent gave an explosive solution. 
Chemists believed that a benzyne structure could be involved in the 
explosions, but infrared analysis had failed to prove its existence. 

A parasiticidal compound, consisting of propargyl bromide and 
methyl bromide, was patented for use in impregnating soil.“ 

A sodium amalgam fuel cell was developed that used bromine or 
chlorine as the oxidizing agent.? The cell was expensive but could 
be used for military applications. 

Bromine in solutions of lithium bromide affected wool fibers differ- 
ently, varying with the pH of the lithium bromide solutions.“ In 1 
normal hydrochloric acid, supercontraction of wool was accelerated. 


Y Kapoor, R. N., and R. C. Mehrotra. Bromide Alkoxides of Zirconium. J. Less- 
Common Metals, v. 3, No. 3, June 1961, pp. 188-193. 

18 MeDonnld, J. W., and J. W. Cobble. The Heat of Formation of the Hypobromite Ion. 
Purdue Univ., Lafayette, Ind., May 1, 1961, 7 pp.: Department of Commerce, Off. Tech. 
Services, Res, repts., v. 36, No. 2, July 20, 1961, p. 15. 

12 Serntuk, George E., Irving Kuntz. and Francis P. Baldwin (assigned to Esso Research 
and Engineering Co., Delaware). Process for the Halogenation of Butyl Rubber With 
ARI EN Bromine, and Product Obtained Thereby. U.S. Patent 3,009,904, Nov. 21, 
1961. p. S28. 

m Cottle. Delmer L., Leon 8. Minckler, Jr., and Lawrence T. Eby (assigned to Faro Re- 
senrch and Kee Co., Delaware). Method of Brominating Butyl Rubber in the 
Presence of Ileterocyclic Tertiary Aminen. Product Obtained and Vulvanized Product 
Thereof, U.S. Patent 2,995,545, Aug. 8, 1961. 

21 Chemical & Engineering News. New Free Radical Reactions Give Rapid Rearrange- 
ments, V. 39, No. 6, Feb. 6, 1961. p. 52. 

12 Osborne. R T. (asstened to Food Machinery & Chemical SE New York, N.Y.). De 
activation of Color Forming and Foam Stabilizing Bodies in Sodium Carbonate Produced 
From Trona. US. Patent 2.989.369, Tune 20, 1961. 

n Chemical & Engineering News. N, Dark, and Solvent Sensitize Reaction. V. 39, No. 
18, Apr. 17. 1961, pp. 43, 44. 

* Youngson. Churles R., and Cleve A, I. Goring (assigned to The Dow Chemical Co., 
Midland, Mich.). Fumigant Composition Containing Propargyl Bromide and Methyl Bro- 
mide. US. Patent 3,009,853, Nov. 21, 1961. 

SC Engineering. Industry and Economic News. V. 68, No. 12, June 12, 1961, 


T Crewther, W. G., and L. M. Dowling. Supercontracting of Wool in Aqueous Li Br; 
Inhibition by Free Br, and Its Relation to Sulfhydryl-Disulfide Interchange. Textile Res. 
J.. v. 31, No. 1, January 1961, pp. 81-37. 
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At pH 4 to 5 the first stage of supercontraction was accelerated, and 
the second stage was retarded, and at pH greater than 6 supercon- 
traction was retarded. Bromine was reported to inhibit supercon- 
traction in lithium bromide solutions by interfering with interchange 
reactions between sulfhydryl and disulfide groups in the wool. 

A process was described for 5 uranium from its oxides by 
dissolving the uranium in bromine in ethyl acetate solution.“ Quanti- 
tative uranium recoveries were obtained with metallic uranium and 
with shot. Uranium oxides had no effect on results when dissolution 
time was short. Good results were obtained when dissolution time 
was increased and when the side reaction of bromine with ethyl acetate 
formed acids. 

An investigation was conducted to determine the possibility of 
using methyl bromide for additional fumigations after first treating 
food commodities.“ In 24-hour exposure tests only two fumigations 
were carried out owing to sorption of gas by commodities. In a 
varied exposure series three fumigations were carried out over a 
period of 27 hours at a 100-percent mortality to test insects. 

A study was presented on the chemistry, bactericidal effects, and 
reactions of bromine used in the sterilization of swimming pools.?? 
Bromine in water hydrolyzed to form chiefly hypobromous acid and 
hypobromite. These bromine compounds oxidized urea forming 
bromamine intermediate products, which were powerful bactericidal 
agents. Bromine did not appear to form an analog of chlorine nitro- 

en trichloride, which was considered the probable cause for eye 
irritation and chlorine smell around swimming pools. Bromine could 
be more economical than chlorine for use in pools, because it was 
more efficient as a bactericidal agent. 

Trifluoromethyl bromide and methyl bromide were found to be more 
effective inhibitors of chemical fires when applied to the air around 
the flame instead of to the fuel or center of the flame.*° When the 
inhibitor was added to the fuel the diffusion flame was extinguished 
when the mixture reached 50 percent fuel and 50 percent inhibitor. 
However, the flame was extinguished when the inhibitor around the 
flame amounted to 2 to 3 percent by volume of the resulting oxygen- 
nitrogen mixture. 

N Brunzie, G. F., T. R. Johnson, and R. K. Steunenberg. Selective Dissolution of Ura- 
nium From Uranium-Uranium Oxide Mixtures by Bromine-Bthyl Acetate. Anal. Chem., 
v. 33, No. 8, July 1961, n 1005-1006. 

2 Muthu, M., K. $. Srinivasan, and S. K. Majumder. Serlal Fumigation of Processed 
and ei Foods With Air-Washed Residual fethyl Bromide From Fumigation Cham- 
bers. F Technol., e 15, No. 6, June 1961, pp. 295-298. 

» Johannesson, J. K. The Bromination of Swimming Pools. Am. J. Public Health, v. 
50, No. 11, November 1960, nct 136 


, 1 : 
æ National Bureau of Sta rds. Inhibition of Combustion Reactions. Tech. News Bull., 
v. 45, No. 7. July 1961, pp. 122-124. 
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Cadmium 
By H. J. Schroeder * and Esther B. Miller * 


4e 


IGHER imports with slightly lower production and consump- 

H tion and greatly reduced exports in 1961 augmented stocks of 

cadmium metal in the United States by 10 percent, bringing 

them to 2.3 million pounds. Exports of metal declined more than 70 
percent to 702,000 pounds. 


TABLE 1.—Salient cadmium statistics 
(Thousand pounds of contained cadmium) 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 
Froduetien !! ede nas 9, 630 10, 549 9, 673 8, 602 
Imports for consumption, metal....... 1, 496 1, 586 1, 002 1, 638 1, 079 
Exports- A cows ORO ES 809 693 580 900 702 
Consumption, estimated. ............. (2) 3 10, 966 38,209 | 311,409 10, 116 
Price: Average per pound.. $1. 91 $1.70 $1. 52 3 $1. 36 $1. 68 
World: Production n 16,700 | 320,700 | 19, 700 19, 800 20, 800 


! Primary and secondary cadmium metal. 

3 Estimated consumption of primary and secondary metal not available before 1956. 
3 Revised figure. 

d Average quoted price for cadmium sticks and bars in lots of 1 to 5 tons. 


LEGISLATION AND GOVERNMENT PROGRAMS 


On January 19, 1961, the U.S. Department of Agriculture, Com- 
modity Credit Corporation (CCC), reinstated cadmium to the list 
of 55 commodities eligible for barter for surplus 
perishable agricultural products. 


DOMESTIC PRODUCTION 


Combined production of primary and secondary metal declined 
2 percent when compared with 1960 output but was higher than 
output in 1958 or 1959. 

ue dust from Mexico again provided the source for 18 percent 
of the total cadmium metal. It was estimated that 50 percent of the 
cadmium production came from foreign zinc ores and concentrates and 
other base-metal concentrates. The remainder was from domestic 


1 Commodity specialist, Division of Minerals. 
3 Statistical assistant, Division of Minerals. 
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FIGURE 1.—Trends in production, consumption, yearend stocks, imports, exports, 
and average price of cadmium metal in United States, 1935-61. 


zinc ores, except for a small quantity of secondary production. The 
main sources of zinc concentrates were Mexico, Canada, Peru, 
Guatemala, and the Union of South Africa. 

Secondary cadmium was recovered from scrap alloys. 

In February 1961, the General Services Administration (GSA) 
accepted a bid of approximately 16 cents per pound for 4,400 tons 
of 20 percent cadmium—76 percent magnesium casings of deactivated 
bombs. Delivery of the material will be spread over a 3-year period, 
at a rate of about 600,000 pounds of contained cadmium per year. 


TABLE 2.—Primary and secondary cadmium metal produced and shipped in the 
United States 


(Thousand pounds of contained cadmium) 


Figures on cadmium oxide output are withheld to avoid disclosing 
individual company data. 
The list of producers of Der and secondary cadmium published 
t 


in the Cadmium chapter of the 1960 Minerals Yearbook was 


unchanged. 
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Production of cadmium sulfide, including cadmium lithopone 
and cadmium sulfoselenide, increased 3 percent to 1.1 million pounds. 


TABLE 3.—Cadmium sulfide’ produced in the United States 
(Thousand pounds) 


Year Cadmium 


content 


——— | —M—————M— 1d ——M————————ÓÓMMMÀ ———— ee 


——— 2 mpm 


! Includes cadmium lithopone and cadmium sulfoselenide. 


CONSUMPTION AND USES 


Estimated consumption of cadmium was 10.1 million pounds, 2 
percent less than the 10.3 million pounds provided by metal produc- 
tion plus net imports. 

Cadmium was consumed in electroplating automobile engine parts, 
radio and television parts, and nuts and bolts. It also was used in 
alloys, dentistry, photography, paint pigments, dyeing, in nuclear 
energy reactors, and as organo-cadmium compounds to provide heat 
and light stabilization in plastics, 

Cadmium of 99.999 percent or higher purity was in greater demand 
for a number of electronic uses, and several companies marketed 
this grade in commercial instead of laboratory quantities. 

In a survey of cadmium metal consumption for 1960, responses 
from 1,500 users accounted for 73 percent of the estimated consump- 
tion. Table 4 compares similar surveys in 1955 and 1956. Changes 
indicate that a larger share of the cadmium in 1960 was used in 
electroplating at the expense of Jow-melting alloys and pigments and 
chemicals. The distribution of cadmium used in electroplating, 
shown in table 5, represents 1,400 respondents for 1960. The pattern 
of end uses was evident, but exact changes were obscured by the 
pata ary assigned to other uses where the ultimate use could not be 
identified. 


TABLE 4.—Cadmium metal consumption in the United States, by uses 


Percent 
of total 


Electroplat ing 
Pigments and chemicals 
Alloys! 


—— 4 22 mp p poo 


————— ƷGä—— [ —AÜÜL— — |1————— | ——— 


Total reported consumption. S K 
Estimated consumption „ 


! Includes brazing alloys, bearing alloys, copper-cadmium alloys, solder, and other metal alloys. 
* Includes alkaline hatteries, reactors, and solder. 
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TABLE 5.—Distribution of cadmium in electroplating 


(Thousand pounds) 
Use 1955 1956 1960 
Transportation equipment 1... eee eee 1,321 1, 346 1, 268 
G cu AA A EE 193 101 81 
Communications and other electrical equipment 2. 1, 014 1, 202 978 
Bülent V E 533 696 596 
Pee. ³ð A eet T 8S0 960 910 
Ah ⁰ EE 226 205 99 
%% ⏑ -in... ð A . 505 612 1, 197 


1 Includes automobile, truck, tank, and tractor parts; aircraft parts, including bolts, rivets, and fasteners; 
slip parts and equipment. 
3 Includes household electrical appliances and equipment; radio, television, telephone, and signal ap- 


paratus. 

8 Includes conduit fittings and hardware (not classifiable elsewhere). 

4 Includes nuts, bolts, screws, nails, tacks, and rivets. 

Includes textile machinery parts, office machinery and supplies, industrial machinery parts, heating 
and refrigeration equipment, petroleum industry equipment, and amusement and vending machines. 

* Includes metal merchandiziug equipment, steel stampings, castings, wire products, bicycles, control 
Instrument parts, medical, health, and safety equipment. Includes substantial quantities of unspecified 
consumption which could not be assigned to specific uses listed in table. 

? Includes cadmium oxide used in electroplating; 167,000 pounds in 1955 and 163,000 pounds in 1956. 


STOCKS 


Reported stocks of cadmium metal were 2.3 million pounds at the 
end of 1961 compared with 2.1 million pounds on hand at yearend 
1960. Cadmium contained in compounds at the end of 1961 was 
3 parent below 1960. Total stocks increased 6 percent to 3.1 million 

ounds. 
j During the first quarter of the year, 277,000 pounds of cadmium 
from CCC stocks was transferred to the Government supplemental 
stockpile, bringing the supplemental stockpile inventory to 6,608,616 
pounds at yearend. In the last quarter, 438,700 pounds of cadmium 
was delivered to CCC stocks. As of December 31, 9,719,000 pounds 
of cadmium was held in the national (strategic) stockpile bringing 
the total Government inventory to 16,766,000 pounds of cadmium. 


TABLE 6.—Industry stocks, Dec. 31 


(Thousand pounds of contained cadmium) 


1960 ! 1961 
Stocks 
Cadmium | Cadmium | Cadinium | Cadmium 

metal n metal in 
compounds compounds 

Metal producers ss 1, 579 (2) 1,819 (3) 
Compound manufacturers. ......--.--.-.--------- el 243 716 115 710 
Distributors WEEN 291 59 382 44 
TOUR) WEE 2,113 775 2,316 754 

Sonn uacua Aa 3 1,303 (4) 4 1,300 (4) 


1 Figures Part revised. 

3 Included with stocks of cad mium contained in compound at compound manufacturers in order to avoid 
disclosing individual company confidentíal data. 

3 As reported by consumers canvassed in 1960, 

4 Data not available. 

> Estimate. 
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PRICES 


The quoted price of cadmium metal at the beginning of the year 
was $1.60 for sticks, bars, and shapes in lots ander 1 ton and $1.50 
for 1- to 5-ton lots. On April 3 the prices increased to $1.70 and 
$1.60, respectively, where they SE for the balance of the year. 

Cadmium on the London market was quoted at the beginning of 
the year at lls. ($1.54 on the basis of $2.80 per pound sterling). 
The price advanced in November to 11s. 6d. ($1.61) and remained 
at that level for the balance of the year. In Italy the quoted price 
was 2,250 lire por kilogram at the beginning of the year or about 
$1.64 per pound on the basis of $0.001611 per lira. The price rose 
in May to 2,300 lire per kilogram ($1.68) but declined again 
in October to 2,250 lire where it remained for the balance of the year. 
The French quotation for cadmium was 15.75 francs per kilogram 
at the beginning of the year or $1.43 per pound on the basis of 
$0.20 per franc. Several price increases during the year brought 
the quotation to 17.25 francs in November ($1.60 per pound), where 
it remained for the rest of 1961. 


FOREIGN TRADE’ 


Imports.—General imports of cadmium metal increased to 1.1 mil- 
lion pounds as shipments from the Republic of the Congo (including 
E and Peru increased. Canada supplied 510,000 
pounds of metal during 1961. The 1.8 million pounds of cadmium 
contained in imported flue dust was supplied by Mexico. 

Exports. — Exports of cadmium dropped to 702,000 pounds. The 
United Kingdom and France received the largest quantities, with 
much of the remainder going to Brazil, Italy, India, Japan, and the 
Netherlands. 

Tariff.—The import duty on cadmium metal remained at 3.75 cents 
per pound in 1961—the rate effective January 1, 1948, as established 
at the Geneva Trade Conference in 1947. Cadmium contained in 
flue dust remained duty free. 


Figures on U.S. imports and exports compiled by Mae B. Price and Elsie D. Jackson 
Division of Foreign Activities, Bureau of Mines, from records of the U.S. Department o 
Commerce, Bureau of Census. 
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TABLE 7.—U.8. imports of cadmium metal and cadmium in flue dust, by countries 


(Thousand pounds and thousand dollars) 


Imports for consumption 2 
Country 1960 1961 


Value | Quan- | Value | Quan- | Value 
tity tity 


North America: 


nada. 1. 033 510 695 
Mexico . TT A 
nl 1, 046 510 695 
South America: Peru........ 104 140 
pe: 
Belglum-Luxembourg... 42 48 67 
A WH OS 44 64 
United Kingdom.......- 1 (3) 1 
Tot 43 92 132 
Asia; Jápün ⁵ð ð d 22 31 
Africa: 
/ AA A AA 66 89 
Congo, Republic of the 
and Kuanda-Urundi 4... 6 318 430 
Totales ucc aros aus 6 384 519 


Total cadmium metal. 919 | 1,128 1,112] 1,517 


FLUE DUST (Cd content) 


North America: 


Bt RES . VAR 25 EA EE 
Me Iico— - 1. 812 

Total ſlue dust 7 1. 812 

Grand total 2, 924 


1 Comprises cadmiam imported for tmmediate consumption plus material entering bonded warehouses, 
e 3 Comprises cadmium imported for immediate consumption plus material withdrawn from bonded waro- 
ouses. 
3 Less than 1,000. 
4 Belgian Congo prior to July 1, 1960. 


Source: Bureau of the Census. 


TABLE 8.—U.8. exports of cadmium metal and cadmium in alloys, dross, flue dust, 
residues, and scrap 


(Thousand pounds and thousand dollars) 


Year Quantity] Value Year Quantity] Value 
1052-56 (average) 809 1199... d 900 1. 024 
177 ³¹¹ K 8 693 JJ 2, 448 3,014 
ER A 580 NG AAA 702 083 


Source: Bureau of the Census. 
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WORLD REVIEW 


World production of cadmium metal declined to 20.8 million 
pounds, 6 percent below 1960 but approximately 5 percent above 
1958 and 1959 figures. Output increased in Japan, U.S.S.R., Re- 
public of the Congo, and Canada but dropped in the United States 
and Belgium. 


TABLE 9.—World production of cadmium, by countries”? 
(Thousand pounds) 


— — 2 — — LL | cine 


REVIEW ROREM 8 2. 399 
Medien (refined metal) 23. 4143 
United States (primary and second- 

F ĩðVA ⁰ʒ 10, 180 9, 943 
South America: Peru (refined metal) 8.... 185 154 
Europe: 

r ß 32 182 
Belglam se 0 1. 583 $6295 
ba. co EE 560 551 
Germany, West. * 902 946 
EE 638 765 
Netherlands (. 88 88 
Nrn. ³⁰˙ A 243 231 
Poland 6... AA 8 620 640 
m 26 4 56 
S. E cen 1, 035 1, 100 
United Kingdom . 236 217 
Yugoslavia. o 84 4 88 
Asia: Apa... -2222-"..- 1,251 41, 350 
ca: 
Congo, Republic of the (formerly 
Beizlan) 1. 113 1, 168 
ea and Nyasaland, Federation 
Northern Rhodesla...............] B| 125 38 38 
Oceania: Australia 674 4 668 
World total (estimate) 12. 22, 100 20, 800 
The following data are not included in the 
above table: 3 
Guatemala (exports) 39_..............] 86107] 844. 522222 123 04 
Mexico (exports) 3. 4 2, 270 42, 
Peru (exports) 2. 51 444 


South-West Africa (exports) 2 


1 Data derived in part from bulletins af the World Non-Ferrous Metal Statistics and annual issues of 
Metal Statistics (Metallgesellschaft). 

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 To avoid duplicating pag pe on cadmium exported in zinc concentrates, flue dusts, and so on are 


not included in the world total but are shown separately at end of table. 
4 Estimate. 


: 2290 per only, because 1956 was first year of commercial production. 
A 2n for 1964-56. 

* Recoverable. ° 

Complled by Augusta W. Jann, Division of Foreign Activities. 


Mexico.—Exports of cadmium contained in flue dust were 1.8 mil- 
lion pounds. A contract was signed by Zincamex, a newly formed, 
Mc aeta: company, to construct a zinc smelter at Saltillo, 

ahuila, which will also provide for recovery of cadmium from 
the zinc ores treated. 

United Kingdom.— Production of cadmium metal was 217,000 pounds, 
& decrease of 8 percent from 1960. Imports of metal declined 15 
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percent, making an overall decrease of 15 percent in new supply 
of metal. Consumption was 2.8 million pounds and was used for the 
following porpora (in thousand pounds): Plating anodes, 1,324; 
plating salts, 275; cadmium-copper alloys, 156; other alloys, 84; 
alkaline batteries, 186; dry batteries, 10; solder, 193; colors, 529; 
and miscellaneous uses, 49. 


TECHNOLOGY 


Cadmium plating by vacuum processes‘ and by impact action in 
a wet tumbler® were reported. A high-purity cadmium fluoborate 
solution for plating semiconductors was made available, and several 
new single-dip chemical coatings to enhance brightness and retard 
corrosion were marketed. Reaction of cadmium vapor with a wide 
variety of alkyl radicals was devised to produce semiconductor 
cadmium compounds.* 

Improved hermetic seals were provided for widely marketed nickel- 
cadmium rechargeable batteries. An article’ discussed the various 
types of electrodes used, including one employing microporous plastic 
structures for holding the active and conductive materials. A silver— 
cadmium battery yielding a high-energy output per unit volume was 
under development.® 

Processes were patented for producing cadmium-mercury sulfide 
pigments by a wet chemical method® and by a pyrometallurgical 
method.“ A process was patented for preparing a red cadmium 
sulfide telluride pigment.” 

Addition of 114 percent cadmium to lead was reported * to pro- 
vide solid-solution hardening and improved tensile strength in 
wrought lead alloys. An alloy containing 4714 percent cadmium was 
developed that exhibits phase changes at 0° and —6° C.'* 

Thermodynamic properties were determined for the cadmium-cop- 
per system, the cadmium-antimony system, s and the cadmium-zinc 
system.“ 


4 Steel. Vacuum Cadmium Plating Avoids Hydrogen. V. 149, Nov. 27, 1961, pp. 114-115. 

The Iron Age. Cadmium Coating Under Vacuum Curbs Hydrogen Embrittlement. V. 188, 
Nov. 9, 1961, pp. 120-121. 

8 The Iron Age. Mechanical Plating. V. 187, Mar. 23, 1961, p. 15. 

e Miller, Herbert (assigned to Monsanto Chemical Co.). Method for the Preparation of 
Semi-Conductor Cadmium Compounds. U.S. Patent 2,980,500 apr 18, 1981. 

T Duddy, J. C., and A. J. Salkind. High Energy. Weight Ratlo, Nickel-Cadmium Cells. 
J. Electrochem. Soc., v. 108, August 1961, pp. 717-719. 
108 ER News. Burgess Labs Experiments in Silver-Cadmium Cells. V. 6, Mar. 28, 

, p. 20. 

" EES Silver-Cadmium Batteries Coming in Larger Size. V. 65, 

ar. 30, RI. p. A 

* Allan, Benjamin W., Frank O. Rummery, Roy W. Chrest, and Reuben Roseman (as- 
signed to The Glidden Co.). Process for Preparing Cadmium Red Pigments and Resulting 
Pigmenta. U.S. Patent 3,008,845, Nov. 14, 1961. 

10 Chemical Trade Journal and Chemical Engineer London): Cadmium-Mercury Bul- 
fide Pigments. Brit. Patent 856.428, v. 149. July 28, 1961, p. 238. 

1 Gorda no, Anthony (assigned to The Harshaw Chemical Co.). Method of Preparing 
Cadmium Sulfide Telluride Pigment. U.S. Patent 3,012,899, Dec. 12, 1961. 
1970 Metal Progress. Wrought Lead-Cadmium-Nickel Alloys. V. 80, October 1961, pp. 

13 Muldawer, Leonard Rala-Cynwyd. and Ralph Feder (assigned to the U.S. Dept. of De- 
5 e Responsive Cadmium-Silver-Gold Alloys. U.S. Patent 3,012,882, 

ec. " 9 M. 

1 Borg. Richard J. Some Thermodynamic Properties of the Cadmium-Copper System. 
Metal. Soc.. AIME, v. 221, June 1961, pp. 527—531. 

18 Borg, Richard J. The Free Energy of Formation of Cdsb. Metal. Soc., AIM, v. 221, 
April 1961, pp. 242-243. 

16 Wynnemer, D. J., and G. W. Preckshot. Thermodynamic Properties for the Zine 
Cadmium System From Electromotive Force Measurement. Metal. Boc, AIME, v. 221, 
February 1961, pp. 186-191. 
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Rates of prismatic plastic glide in pure cadmium crystals were 
measured for the temperature range of 158? to 276? C.“ 

A cadmium-indium-silver alloy, containing 5 percent cadmium, 
extruded in a cruciform shape and nickel plated, was being tested in 
operating units for use as a nuclear reactor control rod.“ 

A cadmium-uranium phase diagram was established for possible 
use in the pyrometallurgical reprocessing of nuclear fuels? The con- 
stitution of bismuth-cadmium-tin alloys was studied by microscopical, 
thermal, and X-ray methods.”° 

Research continued to determine fundamental properties and the 
techniques of use of cadmium compounds for transistor, photocon- 
ductive, and other uses in the electronics industry. 'The U.S. Naval 
Research Laboratory made progress in developing a method to obtain 
a transparent cadmium silicate phosphorcoating on glass or silica 
and in developing use of cadmium sulfide in & meter to monitor 
nuclear fallout. 

The Federal Bureau of Mines reported research on the extraction 
of cadmium from zinc concentrates.?! 


17 Gilman, J. J. Prismatic Glide in Cadmium Crystals. Metal. Soc., AIME, v. 221, No. 
8, June 1961, BP. 45 : 

38 Giacobbe, J. B. Trends in Materials for Reactor Control Rods. Metal Progress, v. 79, 
March 1961, PP: 105-106. 

19 Martin, Allen E., Irving Johnson, and Harold M. Feder. The Cadmium-Uranium Phase 
Diagram. Metal. Soc., AIME, v. 221, No. 4, August 1961, pp. 789-791. 

. J., F. D. Bell, and S. J. Harris. he Constitution of Bismuth-Cadmium-Tin 

Alloys. J. Inst. of Metals (London), v. 29, October 1961, p. 121. 

n Starliper, A. G., H. Kenworthy, and P. T. Goin. Recovery of Germanium, Cadmium, 
and Lead as Sulfides From Zinc Concentrates by Batch and Fiuid-Solids Roasting. 
BuMines Rept. of Inv. 5891, 1961, 21 pp. 
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Calcium and Calcium Compounds 


* 


HE importance of calcium remained that of a minor metal in the 

economy. Its radioactive isotopes were valuable in metallurgical 

and medical research. The use of calcium chloride in highway 
maintenance continued to increase because of its dustlaying and ice- 
melting capabilities. | 


DOMESTIC PRODUCTION 


The standard method of producing calcium until World War II 
was electrolytic deposition on cathodes in a molten calcium chloride 
bath. The high reactivity of calcium with other elements at elevated 
temperatures required that molten calcium be solidified and removed 
from the bath at the same rate it was deposited. Conical calcium 
deposits that formed on the cathode were descriptively called “carrots.” 
Aluminum reduction was introduced during World War II, and more 
calcium was produced by this new method than ever before at lower 
unit cost. It was the only method of producing commercial calcium 
in the United States in 1961. Quicklime (calcium oxide) was 
thermally reduced, and the resulting calcium thermally distilled in 
vacuum retorts at elevated temperatures.’ 

Although undisclosed, domestic calcium production was known to 
be minor. The only producer of commercial calcium was Nelco 
Metals, Inc., Canaan, Conn., a subsidiary of New England Lime Co., 
Adams, Mass. It was acquired by Chas. Pfizer & Co., Inc., New York, 
N.Y., a manufacturer of pharmaceuticals, on October 18 with the 
purchase of New England Lime Co. for $13 million.“ 

American Smelting and Refining Company produced some calcium 
for captive use in debismuthizing lead in lead refineries. Calcium 
was obtained by mixing calcium carbide into a molten lead bath hav- 
ing a calcium chloride slag cover to limit the oxidation of the carbide.* 

ak Ridge National Laboratory, Oak Ridge, Tenn., Deen the 
radioactive isotope calcium-47 for general distribution by bombard- 
ing enriched calcium-46 in the Oak Ridge Research Reactor. Research 


2 Union Car Metals Review. The Elements That Surround Us—Calcium. V. 4, No. 1, 
Winter-Bpring 1961, pp. 3 1. 
3 rar Acquires New England Lime, Announces Capital Expansion Pro- 
e . U 9 p + 
¢The Chemical Market Research Association. Chemicals and Metale—Their Industrial 
Relationship. Pittsburgh, Pa., Nov. 9-10, 1960, p. 85. 
383 


1 Commodit specialist, Division of Minerals. 
196 
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was in progress to produce calcium-47 by proton bombardment of 
calcium-48.° 

Shipments of natural and synthetic solid and flake calcium chloride 
(77-80 percent CaCl.) in 1960 were 557,000 short tons valued at $15.7 
million ($28.19 a ton). Brine (40 percent CaCl,) shipments amounted 
to 212,000 tons valued at $2.1 million ($9.91 a ton). Total produc- 
tion of natural and synthetic solid and flake calcium chloride was 
556,000 tons in 1960, and production of calcium chloride brine 
amounted to 210,000 tons, excluding all brine that went into the pro- 
duction of solid and flake calcium chloride. Reported output of 
natural calcium chloride and calcium-magnesium chloride averaged 
annually 452,000 tons valued at $7.4 million ($16.37 a ton) during 
1957-61. The annual average tonnage for this 5-year period was 
407,000 tons valued at $18.18 a ton after the reported pro uction had 
been converted to the basis of 75 percent calcium chloride and 25 per- 
cent water. This base almost corresponds to the lower limit of regular 
flake calcium chloride (77-80 percent CaCl,). Anhydrous or con- 
centrated flake calcium chloride contains 94 to 97 percent CaClz. The 
annual national average production for the latest 5-year period was 
used in order to conceal confidential company reports. 

Natural calcium chloride, including natural calcium-magnesium 
chloride, was produced by eight plants: two in California, five in 
Michigan, and one in West Virginia. Michigan was by far the leading 
State with 93 percent of the reported domestic production, California 
next with 6 percent, and West Virginia last with only 1 percent. 
Calcium chloride was obtained from Bristol Dry Lake in California 
and from wells tapping underground saline formations in Michigan 
and West Virginia. All natural calcium chloride and calcium- 
magnesium chloride was collected first as brine, but most of it was 
crystallized by the producers. Total production was 69 percent flake, 
31 percent liquid, and less than 1 percent solid calcium chloride. Also 
synthetic calcium chloride was manufactured by Pittsburgh Plate 
Glass Co., Chemical Division, and by Allied Chemical Corp., Solvay 
Process Division. Natural calcium chloride constituted 57 percent of 
the total solid and flake and 65 percent of the total brine produced 
in 1960. 

Leslie Salt Co., San Francisco, Calif., acquired California Salt Co., 
a producer of calcium chloride from the brines of Bristol Dry Lake, 
in December 1960. The Dow Chemical Co., Ludington and Mid- 
land, Mich., was the largest producer of natural calcium chloride 
and calcium-magnesium chloride. Columbia-Southern Chemical 
Corp., Pittsburgh, Pa., a producer of synthetic calcium chloride, 
became Pittsburgh Plate Glass Co., Chemical Division. 


CONSUMPTION AND USES 


Calcium was employed as a deoxidizer, a sulfide former, and a 
scavenger to clean melts. It was a deoxidizer for nonferrous metals, 


5 Chemical and Engineering News, v. 39, No. 27, July 3, 1961, p. 41. 

* U.S. Department of Commerce, Bureau of the Census, Industry Division. Inorganic 
Chemicals and Gases, 1960. Current Ind. Rept. Ser. M28A-60, Oct. 27, 1961, p. 9. 

7 Chemical and Engineering News, v. 40, No. 1, Jan. 1, 1962, p. 30. 
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a reductant for refractory metallic oxides, and an absorbent for gases, 
including oxygen, hydrogen, and nitrogen. Calcium in calcium- 
silicon alloy and in calcium-manganese-silicon alloy controlled sulfur 
distribution in steel, increased ductility, reduced the hot-tearing ten- 
dency of carbon and alloy steel castings, and improved the fluidity 
of steel. These alloys counteracted the deleterious effects of non- 
metallic inclusions in steel. Calcium helped control the size and 
distribution of microscopic graphite flakes in cast iron, thereby 
improving tensile and transverse strength. 

ome cable sheaths were made of lead-calcium alloy. Resistance 
to fatigue, tensile strength, and hardness were improved by as little 
as 0.04 percent calcium. Also, lead-calcium alloy was used in stor- 
age battery grids where increased strength and more resistance to 
sulfating were necessary. A few of the refractory metallic oxides 
that yielded their metal in the presence of calcium were the oxides 
of chromium, thorium, uranium, and vanadium. Sulfur was removed 
from crude oil fractions in petroleum refining by calcium.“ Cal- 
cium-47 was used in medical research because its beta- and gamma- 
ray activity disappears in 3 weeks, compared with 21% years for 
calcium-45, which formerly was used as a tracer in medical studies.“ 

Calcium chloride and salt deicing mixtures were used by many 
highway departments as an inexpensive and very effective means of 
clearing and drying highways after winter storms. Annual con- 
sumption of crystalline calcium chloride was estimated at 600,000 
short tons: 150,000 tons for dust control, 150,000 tons for deicin 
highways, 75,000 tons for treating concrete, 70,000 tons for industria 
uses, 30,000 tons for brine refrigeration, and 125,000 tons for other 
uses. Dust control of roads was the largest single use of calcium 
chloride. It accounted for 150,000 tons of solid calcium chloride 
and nearly 200,000 tons of calcium chloride brine annually. Flake 
calcium chloride used in snow and ice removal from highways had 
increased from 90,000 to 150,000 tons a year in the last 5 years. It 
was estimated that eventually 1.5 million tons of calcium chloride 
would be produced and consumed annually. Consumption of cal- 
cium chloride consistently lagged behind production, and some 
calcium chloride from soda ash production was discarded.” 

Each year California consumed between 25,000 and 50,000 short 
tons of calcium chloride, which was used primarily in treating con- 
crete and in extracting chemicals from seaweed. The steel indus- 
try used about 1,000 short tons of calcium chloride for maintenance 
in 1959.7 A new calcium chloride drying tube was designed.“ 


PRICES AND SPECIFICATIONS 


The New York price of calcium, 97-98 percent pure, cast in slabs 
and small pieces, in over 1-ton lots, was quoted at $2.05 a pound 


5 Work cited in footnote 2. 

® Work cited in footnote 5. 

29 Oil, Paint and Drug Reporter. Calcium Chloride Use Pointing Up. Slow Rise Toward 
1.5 Million Tons. V. 181, No. 5, Jan. 29, 1962, p. 35. 

u Wright, Lauren A., and John L. Burnett. The Search for Industrial Minerals. Calif. 
Div. Mines and Geol., e 15, No. 1, January 1962, p. 5. 

13 Page 24 of work cited in footnote 4. 

18 Journal of Chemical Education, v. 88, No. 7, July 1961, p. A488. 
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during 1961.“ Smaller quantities were quoted at the following prices 
per pomo throughout the year: 100 pounds to 1 ton—$2.40, and 
small lots 99.9 percent pure—$4.55.'* Calcium-47 sold for $200 a 
millicurie at Oak Ridge National Laboratory, Oak Ridge, Tenn.” 

Most calcium chloride prices did not change in 1961: 585 gran- 
ular— 50.32 per pound (drums); purified granular—$0.27 Lu und 
(drums); concentrated flake or pellet, 94-97 percent Ca oT 899.30 
per ton (paper bags, carlots, at works, freight equalized); flake, 
11-80 percent CaCl,—$32 per ton (paper bags, carlots, at works, 
freight equalized) ; solid, 73-75 percent CaCl¿—$36-$73 (drums, less 
than carlots, at works, freight equalized); and liquor, 40 percent 
CaC1,—$12.50 per ton (tankcars, at works, freight equalized). Solid, 
73-75 percent CaCl, was $29.50 per ton (drums, ee at works, 
freight equalized) on January 1, but rose to $30.50 a ton January 16, 
remaining at that price the rest of the year. Powdered, 77 percent 
minimum CaCl, was $37 per ton (paper bags, carlots, at works, 
freight ualized) at the beginning of the year but increased to $38 
per ton May 15, and remained at that price.” 

Wyandotte Chemicals Co „ Wyandotte, Mich., introduced light- 
weight fiber drums (1514 nd in diameter by 1714 See as con- 
tainers for all grades of calcium chloride in place of steel drums. 
The price structure remained unchanged.'* 


FOREIGN TRADE” 


Imports.—Most of the imported calcium came from Canada, but not 
all of it as in previa. years. West Germany su puen 4 percent (770 
pounds valued at $1,266 or $1.64 a pound). e 96 percent from 
Canada, or 16,496 pounds, was valued at $21,626 or $1.31 a pound. 
All calcium-silicon alloy came from France at an average value of 14.8 
cents a pound. Calcium chloride was imported from Canada, 35 
percent; Belgium-Luxembourg, 25 percent; West Germany, 19 per- 
cent; United Kingdom, 13 percent; and Italy, 8 percent. The average 
value of imported calcium chloride was $33.98 a short ton. 

Exports.—Calcium chloride was exported mainly to Canada, 82 per- 
cent; Mexico, 8 percent; Colombia and Philippines, 2 percent each: 
and Uruguay, 1 percent. The remaining 5 percent of the exported 
calcium chloride was distributed among 35 other countries in South 
America, North America, Europe, Asia, Oceania, and Africa, in 
descending amounts. 


14 E&MJ Metal and Mineral Markets, v. 32, Nos. 1-52, Jan. 5-Dec. 28, 1961. 

1$ American Metal Market, v. 68, Nos. 1-249, Jan. 2-Dec. 29, 1961. 

3$ Work cited in footnote 5. 

a Paint and Drug Reporter, v. 179, Nos. 1-26; v. 180, Nos. 1-26; Jan. 2-Dec. 25, 


1$ Chemical and Engineering News, v. 39, No. 12, Mar. 20, 1961, p. 26. 

19 Figures on imports and exports compiled by Mae B. Price and Mielie D. Jackson, 
Division of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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TABLE 1.—-U.8. imports for consumption of calcium, caloium-silicon, and calcium 
chloride and exports of calcium chloride 


1952-56 (average)....| 626, 967 
1057 F 24, 204 


ep e gor or EPIIT 
em gr em dd 


TE AD ep 2 D p 2 


WORLD REVIEW 
NORTH AMERICA 


Canada.—Calcium production was 134,801 pounds valued at 
Can$159,241 (Can$1.18 a pound) in 1960. The output of calcium 
in 1959 (revised fi ged was 67,429 pounds, valued at Can$76,409 

Can$1.13 a pound) ominion Magnesium, Ltd., Haley Station, 

ntario, was the only producer. By thermally reducing minus 200- 
mesh quicklime (calcium oxide) with commercial-grade minus 20- 
mesh aluminum in horizontal vacuum retorts at 1,170° C., calcium 
was deposited in the water-cooled retort head sections that projected 
outside the furnace wall. Exports of calcium amounted to 87,157 

unds in 1960. West Germany received 25 percent; United King- 

om, 22 percent; India, 18 percent; United States, 17 percent 

14,918 pounds); Belgium and Luxembourg, 10 percent; Union of 

outh Africa, 7 percent; and other countries, 1 percent. A small 
quantity of calcium was consumed in Canada in lead alloys for bat- 
tery plates, in reducing titanium, and as an alloy with magnesium.“ 
Calcium chloride in chemicals and allied products in 1959 amounted 
to 686 short tons costing Can$36,031 (Can$52.52 a ton) at the works.” 


SOUTH AMERICA 


Brazil. Calcium chloride production was 4,500 short tons in 1960. 
Some calcium chloride was imported from East Germany.” 


EUROPE 


Austria.—An International Atomic Energy Agency meeting in 
Vienna reviewed research on human bones using calcium-47, which 


* Jackson, W. H. Calcium 1960. Canada Dept. Mines and Tech. Surveys, Ind. Min. 
Div., Ottawa, Rev. 6, June 1961, 3 pp. 

a Dominion Bureau of Statistics (Ottawa). Chemicals and Allied Products, 1959, 
General Review. January 1962, p. 11. 

33 U.S. Consulate, Sao Paulo, Brazil. State Department Dispatch 454. June 5, 1961, p. 3. 

er 5. 17. Rio de Janeiro, Brazil. State Department Dispatch 985. May 5, 1961, 
encl. 1, p. 17. 
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was available at acceptable prices in the United States and the 
United Kingdom. 
Finland.—A plant was designed to produce 62,000 tons of calcium 
chloride annually, most of which would be used on unpaved roads.?* 
Norway.—Norsk Hydro-Elektrisk Kvaelstof A/S produced 25,000 
tons of calcium chloride in 1958-59,*5 


ASIA 


Israel.— The Dead Sea constituted an important reserve of calcium 
chloride that was not being exploited. Each gallon of Dead Sea 
water contained 4.7 ounces of calcium chloride.” 


TECHNOLOGY 


The oxidation rates of calcium were obtained from 334° to 431? C., 
at 110 and 160 mm of mercury, and for exposures to oxygen of 45 to 
195 minutes duration. Rates of oxidation were small and linear 
below 340? C., but became exponential above 340? C. after an ini- 
tial induction period. The nitridation of calcium and calcium- 
magnesium alloy was investigated. 

Calcium inoculations by means of calclum-manganese-silicon allo 
helped decrease the sulfur content of basic-induction-furnace steel. 
Sulfur content was reduced from 0.25 to 0.002 percent in about 
10 minutes by only 0.36 percent calcium. The ductility and tough- 
ness of low-sulfur steel was better than that of normal-sulfur steels 
at the same strength level. The low-sulfur contents were attributed 
to the increased deoxidation by aluminum which was added before 
the calcium-manganese-silicon alloy (so that the tendency of calcium 
to act as a deoxidizer was reduced ), the reaction of calcium and sulfur 
to form a sulfide, and the basic-slag cover that was high in calcium.?? 

Harrison Steel Foundry, Attica, Ind., used calcium-manganese- 
silicon alloy (calcium, 16 to 20 percent; manganese, 14 to 18 percent; 
and silicon, 53 to 59 percent) in casting steel parts for railroa 
and earth-moving equipment. This alloy was used in ladle 
deoxidation to maintain consistent fine-grained structure and good 
reduction-in-area and low-temperature impact values. Calcium- 
manganese-silicon formed SE well-distributed sulfides in place 
of intergranular, chainlike sulfides that lower ductility. Four 
pounds of calcium-manganese-silicon and 4 pounds of ferrotitanium 
were added to each ton of open-hearth steel, and 4 pounds of calcium- 


3 Chemistry and Industry (London). IAEA Panel on Research Applications of Cal. 
clum-47. No. 51, Dec. 23, 1961, p. 2101. 

* (Chemical Age (London). Finland's Sodium Sulphate and Calcium Chloride Project. 
V. 85, No. 2168, Jan 28, 1961, p. 182. 

(Chemical Trade Journal and Chemical Engineer (London). Norwegian Chemicals. 
V. 146, No. 3806, May 13, 1960, p. 1084. 

æ U.S. Embassy, Tel Aviv, Israel. State Department Dispatch 816. June 16, 1960, p. 8. 

2 (handrasekharalah, M. S., and John L. Margrove. The Kinetics of Oxidation and 
Nitridation of Lithium, Calcium, Strontium, and Barium. J. Electrochem. Soc., v. 108, 
No. 11, November 1961, pp. 1008-1012, 

28 Roberts, M. W., and F. C. Tompkins. Nitriding of Calcium and Other Tarnishing 
Renctions of Metals. Abs., J. Inst. Metals (London), v. 28, pt. 6, February 1961, p. 491. 

Work cited in footnote 27. 

? Colling. David A., and Paul J. Ahearn. Desulfurization by Calcium Inoculation Im- 
nos Properties of Cast Steel. Watertown Arsenal Lab. Tech. Rept. No. WAL TR 

11/45, Watertown, Mass., January 1961, 23 pp. 
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manganese-silicon and 3 pounds of aluminum were added to each ton 
of electric-furnace steel. Calcium-manganese-silicon alloy improved 
fluidity and random distribution of sulfides in electric-furnace steel.“ 

The alloys, Mg;Ca and Al,Ca, were produced in a steel crucible 
in an electric-resistance furnace employing a MgCl,KCl-CaCl,— 
CaF,-MgO flux. 

Calcium-45 had been used in Czechoslovakia to trace endogenous 
and exogenous nonmetallic inclusions in steel since 1954. This radio- 
active calcium isotope had been selected because its half-life of 152 
days is suitable for this use, its oxide is not reduced by molten iron, 
and it can be used to label both refractory material] and slag. More 
sensitive methods indicated that exogenous nonmetallic inclusions 
in steel occurred in higher percentages than had been realized 
previously.“ 

Calcium and magnesium were used to debismuthize approximately 
80 percent of the lead refined by American Smelting and Refinin 
Company. Calcium bismuthide, formed when calcium was adde 
to molten lead containing bismuth, was removed from the surface 
of the bath as dross, and bismuth was recovered by chlorination of 
the dross. The resulting lead chloride was used to remove any resid- 
ual calcium from the debismuthized lead. In 1959-60, 114 pounds 
of calcium was used for each ton of lead.“ 

Removal of oxygen from thorium by calcium vapor or liquid 
calcium proceeded inward from the thorium surface, according to 
a parabolic time law, at temperatures from 1,000° to 1, 200 C. Oxy- 

n that had diffused out of the thorium combined with calcium to 

orm quicklime. Invariably the chief impurity in thorium, oxygen 

occurred as tiny thorium-oxide particles. Thorium, containing 
1,300 ppm of oxygen, was obtained by reducing thorium fluoride 
with calcium. The lowest concentration of oxygen ever measured in 
thorium (16 ppm) was a result of experiments at 1,000° Ca 

Uranium tetrafluoride was reduced by calcium to uranium.5 Va- 
nadium pentoxide was reduced to vanadium in a bomb by calcium with 
iodine. It required 414 pounds of calcium to yield a pound of high- 
purity vanadium.** Scandium was prepared by treating thortveitite 
ore with ammonium bifluoride and then reducing the duorides with 
calcium.“ 

When used as a cover slag in debismuthizing lead, calcium chloride 
limited the oxidation of the calcium carbide and the magnesium that 
were added to the lead bath to collect bismuth. Calcium chloride was 
used at the rate of 214 pounds per ton of lead refined by American 


*? Union Carbide Metals Review. At Harrison Steel Foundry Ca-Mn-81 Boosts Casting 
Quality. V. 4, No. 1, Winter-Spring 1901, p. 23. 

m Drits, M. B., M. V. Mal'tsev, L. L. Rokhlin, and O. N. Udalova (Study of the Alloys of 
the Quaternary System Magnesium-Manganese-Aluminium-Calcium). Abs., J. Inst. Metals 
(London), v. 28, pt. 6, February 1961, p. 495. 

= Cadek, J. T. Myslivec, M. Mandl, J. Vrsek, and J. Fiala. Tracing Non-metallic Inclu- 
sions in Steel With Radioactive Calcium. Iron and Coal Trades Rev. (London), v. 182, 
No. 4820, Jan. 18, 1961, pp. 73-80. 

33 Work cited !n footnote 4. 

% Peterson, David T. Thermodynamics and Kinetics of the Deoxidation of Thorium by 
Calcium. Trans. Met. Soc., AIME, v. 221, No. 5, October 1961, pp. 924-926. 

Page 51 of work cited in footnote 4. 

= Page 57 of work cited in footnote 4. 

$ Spedding, F. H., J. E. Powell, A. H. Daane, M. A. Hiller, and W. H. Adams. Methods 
9 Preparing Pure Scandium Oxide. J. Electrochem. Soc., v. 105, No. 11, 1958, pp. 683- 
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Smelting and Refining Company in 1959-60. To produce a pound 
of tungsten by reduction required two-thirds pound of calcium 
chloride.** 

The Asphalt Institute undertook laboratory research at the Uni- 
versity of Maryland, College Park, Md., to determine whether calcium 
chloride adversely affected asphalt pavements.*? 


* Pages 86, 56—57 of work cited in footnote 4. 

Chemical Week, v. 89, No. 11, Sept. 16, 1961, p. 95. 

® Roads and Streets. Institute Studying Salts on Asphalt Paving. V. 104, No. 9, Sep- 
tember 1961, p. 88. 


Cement 
By J. M. West * and Ardell H. Lindquist * 


De 


RODUCTION and shipments of portland cement in 1961 were 
second only to the record year of 1959, and shipments of 37.1 mil- 
lion barrels in ar da were slightly above the previous monthly 

high established in July 1959, in spite of the fact that early in the 
year construction was slowed by a business recession. 


TABLE 1.—Salient cement statistics * 


1952-56 1961 
(average) 
United States: 
Production....thousand barrels.. 332, 558 
Capacity used at portland cement 
lll Se 73.1 
Shipments from mills 
thousand barrels... 329, 443 
Value 7 thousands. $1, 105. 537 
Average value....ner barrel.. $3 
Btocks Dec. 31: At mills 
thousand barrels.. 36, 198 
Imports for consumption..do.... 3, 621 
due E do ! 286 
Consumption, apparent d. do 302, 285 351, 663 3 332, 778 
World: Production............ do.... 41, 539, 662 |#1, 724, 585 1, 997, 310 


1 Barrel as used in this chapter, unless otherwise stated, refers to a 376-pound barrel. 
? Portland cement, 1952-56; and masonry and natural cement, 1955-56. 

3 Value received Lob mill, excluding cost of containers. 

* Revised figure. 

§ Quantity shipped plus imports minus exports. 

Plans for adding approximately 20 million barrels to the annual 
cement capacity were announced, with construction of four new plants 
and expansion of six existing plants. Some industry spokesmen 
were apprehensive of rising cement capacity and the declining per- 
centage of capacity used.“ As a reflection of increasing competition 
for sales, numerous distribution centers for cement were springing 
up throughout the country. Approximately two dozen such centers 
were under construction by a dozen companies. 

Three classes of hydraulic cement were produced in the United 
States—portland, natural, and slag cements. In addition, many 
plants produced prepared masonry cements. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Hearings were held by the U.S. Tariff Commission in Washington, 
D.C., to determine if sales of imported cement from several countries 
should be considered injurious to domestic cement producers under 


1 Commodity specialist, Division of Minerals. 

» Statistical clerk, Division of Minerals. 
Chemical & Engineering News. Battle for Cement Markets Grows Sharper. V. 39, 
No. 26, June 26, 1961. 
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the Anti-Dumping Act. Rulings required the Secretary of the 
Treasury to impose higher import duties on cement from Belgium, 
Sweden, and Portugal to conform to the fair market values in those 
countries. It was ruled that Danish cement was not sold at less 
than fair value. A statement handed down by the Tariff Commission 
was taken to show that it recognized existence of more than one 
cement industry in the United States for purposes of the Anti- 
Dumping Act. This industry comprised domestic plants supplying 
Rhode Island, eastern Massachusetts and eastern Connecticut.“ At 
a special hearing by House of Representatives Subcommittee on 
Impact of Imports and Exports on American Employment, held on 
August 29, the Treasury was urged to speed up determinations under 
the Anti-Dumping Act.“ 

A complaint concerning antitrust laws was made by the Federal 
Trade Commission against one cement company.“ 

Shipments from two new Hawaiian cement plants to Federal 
project contractors on the Islands were held up by complex govern- 
ment test regulations. Meanwhile, the projects were supplied with 
shipments from the U.S. mainland until the U.S. Bureau of Standards 
testing was completed. 


PORTLAND CEMENT 


PRODUCTION AND SHIPMENTS 


Production of portland cement increased 2 percent above the 319 
million barrels in 1960, but was 15 million barrels below the record 
high set in 1959. Ninety-two of the 176 plants producing in 1960 
had greater outputs in 1961. Only one new gray portland plant 
reported production in 1961—Dewey Portland Cement Co., Tulsa, 
Okla. Operations at two plants were discontinued; one at Sandts 
Eddy, Pa., and the other at Bay Bridge, Ohio. A new white portland 
cement plant went into production in California. New plants were 
under construction in New York, Georgia, Indiana, and California. 

Descriptions were published of equipment installed as part of ex- 
pansion plans or in new cement plants at Tulsa, Okla.; * Waianae, 
Oahu, Hawaii; Barber’s Point, Oahu, Hawaii; * Crestmore, Calif.,“ 
Alpena, Mich.;?! Glens Falls, N.Y.;'? Mason City, Iowa; “ Rapid 


135 ius Products. Import Battles Pay Off. V. 64, No. 5, May 1901, pp. 126, 128, 
, 189. 

5Pit and Quarry. Amend Anti-Dumping Act, Management, Union Urge at Cement Im- 
port Hearing. V. 54, No. 4, October 19061, p. 38. 

* Business Week, FTC Challenges Cement Maker. No. 1642, Feb. 18, 1961, p. 84. 

7Trauffer, Walter E. Automation CO EDT Chief Design Factor in Dewey's New Tulsa 
Plant. Pit and Quarry, v. 54, No. 1, July 1961, pp. 110—123, 131, 135, 147 

a Watson, lan M.  Permanente's Hawallan Plant. Pit and Quarry, v. 53, No. 10, 
April 1961, pp. 82-93. Bergstrom, John H. Hawai! Leaps into Cement Production 
Race. Rock Products, v. 64, No. 5, May 1961, pp. 100-107. 

9%Utley, Harry F. Hawalian Cement Corporation Paces Progress in 50th State, Pit 
and Quarry, v. 53, No. 12. June 1961, pp. 87-91, 97. 

10 Rell, Joseph N. White Cement buts on Wert Coast. Rock Products, v. 64, No. 5, 


Muay 1961, pp. 153-158. Utley, Harry F. Riverside’s New White Cement Plant. Pit and 
Quarry, v. 54, No. 1, Tu 1961, Pb. 127-130. 
u Pit nnd Quarry. uron's New Mill With 18-ft. Separator Produces 350 Bbl. of 


Cement per Hour. V. 54, No. 3, September 1961, pp. 134, 135. 

17]'it and Quarry. Cement Packing and Shipping Facilities Modernized at Glens 
Falls. V. 51. No. 6, December 1961, pp. 108-111. 

H Meschter, Elwood. Conveyors Speed Raw Materials Through New Cement Plant. 
Rock Products, v. 64, No. 12, December 1901, pp. 84-89. 
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City, S. Dak.;'* Barberton, Ohio;“ Salt Lake City, Utah; ““ and 
Nashville, Tenn. 

Acquisition of North American Cement Co. (3 pne Green 
Bag Cement Co. (1 plant formerly owned by Pittsburgh Coke and 
Chemical Co.), and Hawkeye Portland Cement Co. of Iowa (1 plant) 
was completed by Marquette Cement Manufacturing Co. American- 
Marietta Co. merged with The Martin Co. to form Martin Marietta 
Corp. The Bessemer Limestone & Cement Co. became a division of 
Diamond Alkali Co., and National Cement Co. became a division of 
Woodward Iron Co. Universal Atlas Cement Co. acquired the cement 
carrier, S.S. Florida State and dock facilities in Florida through 

urchase of Ponce Products, Inc, from Maule Industries, Inc., 
lorida. Ownership of Ponce Cement Corp. remained unchanged. 

Medusa Portland Cement Co. planned to raze its Bay Bridge mill 
at Sandusky, Ohio. 


TYPES OF PORTLAND CEMENT 


General-use and moderate-heat cements (types I and II) were pro- 
duced at 174 of the 175 operating plants and comprised 93 percent of 
all portland cement made. High-early-strength cement (type ITI) 
was produced at 135 plants, the same number as in 1960. Eight 
plants reported production of portland-slag cement, with three plants 
accounting for 74 percent of the 3.6 million barrel output. Seven of 
these eight plants also produced other types of portland cement. 


CAPACITY OF PLANTS 


The estimated annual capacity of all portland cement plants on 
December 31, as reported to the Bureau of Mines by producers, was 
2 percent greater than on December 31, 1960. The capacity increase 
was 9.8 million barrels and resulted mainly from expansions at 9 of 
the 175 plants in operation in 1960 and the addition of 1 new plant. 


Number of portland cement plants in the United States (including Puerto 
Rico) in 1961, by size groups 


Estimated annual capacity, Number Percent o 
Dec. 31, million barrels : of plants total capacity 

Sr 8 1.3 
yr ⁵³ A E 58 19.5 

a0 rr. ³˙o¹¹¹¹ a Add es 61 33.0 
//! ͤĩê?;i7g ⁰¹ m i EE 28 20.7 
)) ³05¹˙nnm y m y wee 12 11.3 
» ↄ AAA ee 9 14.2 
i . cas 1176 100.0 


* Includes one nonproducing plant in standby condition. 


“Herod, Buren C. South Dakota Cement Expanded 500 Percent. Pit and Quarry, 
v. 54. No. 3, September 1961, pp. 90-96. 
M Pit and Quarry. Pittsburgh Plate Glass Cement Plant Served by Deepest Limestone 
Ine. V. 54, No. 4, October 1961, pp. 112-116. 
Intermountain 1 Portland Cement of Utah Doubles Production Capacity. 
"een No. 4, April 1961, pp. 6-7. 


Rock Products. en House Shows Off Modernized Marquette Plant. V. 64, No. 7, 
July 1961, p. d Open us OWB odernize rq 
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TABLE 4.—Portland cement produced and shipped in the United States, by types 


Shipments 


Type nd aere Wet 
and year ve ousan 
plants | barrels) 


Thousand 


barrels 
General-use and moderate-heat (types I and II): 
1952-56 (average) 157 250, 559 248, 784 $2. 76 
// E Mh e ee EE 163 1 275, 968 208, 855 8. 14 
1058 ——— s E 167 3 291, 688 287,377 3.21 
// ͤ ]“ MOERS 171 3 316, 600 312, 970 3. 24 
1000. EE EE 175 2 297, 279 290, 968 3. 31 
TOG le eae vy 8 174 1 302, 107 298, 016 3. 28 
High-early-strength (type III): 
1952-56 (average ꝛ 2 101 10, 003 9, 843 32 
/// eui ise hrE 111 8 12, 853 11, 867 3.65 
ER 120 312,161 12, 274 3. 67 
A A em Se 129 3 14, 439 14, 363 3. 72 
1051 // ; 135 3 13, 961 13,772 3.70 
Se òWE-: TR 135 3 13, 530 14, 305 3.71 
iow boi (type IV): 
1952-56 (average)...........................- 1 109 99 2. 99 
VEH 2 21 5 3.23 
1958: EE 2 7 9 3. 90 
))); ³o˙ͤ 8 3 10 10 4.4 
AAA A A A 3 7 8 4.07 
r SS 2 18 14 4.23 
Sulfate-resisting (type V): 
1952-56 (average det, 5 96 89 3.61 
LEE 9 191 191 3.72 
J)) ³ĩ2A ³ 9 244 205 3.75 
/ A ce Read ER 11 189 192 3. 86 
Kr REES 14 445 435 3.83 
WOO KEE EE 13 931 416 3. 87 
Oll-well: 
d ad CA I. iu ia lus e e 2...22... 17 1,779 1, 766 3.14 
LEE 16 1,511 1, 482 3. 48 
1956 Bee er th ¼ MV... 8 15 983 1,058 3. 54 
re EE 16 1, 288 1,182 3. 49 
190): 5: A « ]ßßg A 8 14 1. 055 1. 059 3. 46 
MUG EE 14 1,015 1, 235 3.39 
White: 
1952-56 (average 99)yy⁸9 rr 4 1. 133 1,135 5. 64 
19 ³oÜÜA ð 4 41,087 1,024 6. 44 
1938 ⁵ði̊d ; 4 41,377 1, 237 6. 47 
I ðVV PM aces 4 4 1,525 1,515 6. 48 
J900 MR TOS 4 $ 1, 504 1 6.70 
TO EE 5 41,647 1, 532 6. 78 
Portland-slag and portland pozzolan: 
1952-56 (average ' eee eee 8 3, 705 3, 616 2.9 
LEE K y 11 15,219 5, 237 3.29 
E A O A tes 11 $ 4, 096 3, 977 3. 43 
JößÜ” « 8 13,653 3, 806 3. 38 
1 ia 7 § 3, 630 3, 525 3. 42 
TOG A A A E ETE 8 4 3, 586 3,316 3. 37 
Miscellaneous: $ 
1952-56 (äveroge). mo 23 1, 229 1,125 3. 42 
¡PA A A cL GU E 26 41,574 1, 037 3. 80 
S o E EE 21 4915 931 3.76 
/ ³˙V ( 22 4 1, 387 1,414 3.77 
ll!!! uc ee ero tcl 20 41,128 1, 141 3. 83 
LI WEE 19 41,280 1, 317 8. 79 
LT A e — LLLI KE a 
Grand total: 
55 50 (a verageodĩdv:“:/ ee ee 157 279, 936 277, 712 2. 79 
%%% UP CS ! 164 298, 424 289, 698 8. 18 
185 J ]ðVç E 7 168 311. 471 307. 068 A 25 
IJ ³ow a —C———— 7172 339, 091 335, 452 3. 28 
J ³]²w!³ i... ( ek oct 717 319, 009 312. 292 3. 35 
Ill.! ð lacie. 1175 324, 114 320,751 1,065,778 3. 32 


! Includes Puerto Rico. 

2 Includes air-entruined portland cement as follows (in thousand barrels): 1957, 32,791; 1958, 31,470; 1959, 
38,061; 100, 35,473; 1961, 36,373. 

3 Includes air-entrained portland cement as follows (in thousand barrels): 1957, 3,497; 1058, 4,382; 1959, 
5,126; 1963, 4,645; 1961, 4.140. 

Includes a small amount of air-entrained portland cement. 

* Includes air-entrained portland cement as follows (in thousand barrels): 1957, 2,311; 1958, 2,164; 1959, 
1,969; 1960, 1,400; 1961, 1,996. 

t Includes hy "droplastic, plastic, and waterproofed cements. 

* Includes number of plants making air-entruined portlund cement as follows: 1957, 112; 1958, 113; 1959, 119; 
1960, 120; 1961, 120. 
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TABLE 5.—Portland-cement-manufacturing capacity of the United States? by 
districts 


Capacity Dee. 31 Percent utilized 
(thousand barrels 


District 
1960 1961 
Eastern Pennsylvania, Maryland 67.6 66. 4 
fd“ ai 76.2 66.9 
OMG EE 71.6 67.3 
Western Pennsylvania, West Virginla 70.9 71.1 
AC ⁵Vdꝗſſſ ³ ⁰ mt dui a LU 67.1 69. 5 
UF )/„„.ü.õööõöͤ ³i/“ cadens sunk un ween 93.8 81.7 
A Kentucky, Wisconsin 84.5 79.4 
Alab 3 J) ͤͥͤſͤ0 ⁵³Ä /// e ⁵⁵⁵( 73. 0 78. 6 
Tennessee A 2 E E  . 83.0 88. 7 
Virginia, South Carolina eee ee 77.9 77.6 
ir te 75. 6 68. 0 
Mississippi. l ³¹A dcceROHA Re OE CE 78.6 70.0 
ͤõĩõĩ«o ce cm ro e cnc E EE ga Ere 87.4 82.9 
Minnesota, South Dakota, Nebraska 86.9 94.7 
LN E NC ET TTT... 8 79.8 73.4 
EE 64. 0 66. 7 
Oklahoma, Arkansas ꝛ——H— 2 eee 62. 3 71.1 
e e ay aha A i nat 59.5 64.1 
Colorado, Arizona, Utah, New Mexico 84.2 86.6 
W yoming, Montana, Idaho A AE EE 82.8 83.2 
Northern Cali reese GE 86.0 87.4 
Southern California 71.8 74.6 
Oregon, Wasn 74. 8 67.2 
e Meek eo oaths J 88 9.7 46.5 
Puerto Rico. JJ Z AR eet ea a 90.3 80.9 
Tot ³¹0 ¹w ³ðé y 73. 7 73.2 
1 Includes Puerto Rico. 


TABLE 6.—Capacity of portland cement plants in the United States,’ by processes 


Percent of total 
finished cement 


produced 


Capacity, Dec. 31 


Percent of 
capacity utilized 


Process Thousand barrels Percent of total 
1959 | 1960 | 1961 1959 | 1960 | 1961 
W 252, 288 | 258, 867 ¡ 58.1 | 58,3 | 58. 5 72. 8 | 58.5 | 58.5 58, 1 
Dry. 2 41.9 | 41.7 | 41.5 73.8 | 41.5 | 41.5 | 41.9 


Total. 420,395 | 432,041 | 442, 722 100. 0 |100. 0 [100.0 | 80.7 | 78.7 | 73.2 |100.0 100. 0 | 100.0 


1 Includes Puerto Rico. 


CLINKER PRODUCTION 


Output of clinker was slightly less than that in 1960; it reached a 
high in July of 30 million barrels. Yearend stocks of clinker were 
7 percent less than those of 1960. 


TABLE 7.—Portland-cement clinker produced and in stock at mills in the United 
States, by process 


Plants Production Stocks on Dec. 31— 
Process 
1960 1961 1960 3 
1960 19601 | (thousand | (thousand | (thousand | (thousand 

barrels) barrels) barrels) barrels) 
Wet E ee 107 186, 814 188, 751 8, 352 8, 553 
E Eeer 68 69 137, 715 134, 659 12, 606 10, 978 
Quo BEE 175 324, 529 323, 410 20, 958 19, 531 


1 Includes Puerto Rico. 3 Revised figures. 
3 Compiled from monthly estimates of producers. * Preliminary figures. 
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RAW MATERIALS 


Approximately 71 percent of the domestic output of portland 
cement was made from limestone and clay orshale. Argillaceous lime- 
stone (cement rock) or a mixture of cement rock and limestone was 
used for 22 percent of the portland cement produced. Three plants 
used mar] instead of limestone, and nine plants used shells. 
Blast-furnace slag was used as a raw material in producing port- 
land cement at 23 plants, 7 of which used approximately 304,000 tons 


of slag to produce portland-slag cement. 


TABLE 9.—Production and percentage of total output of portland cement in the 
United States, by raw materials used 


Cement rock and 
pure limestone 


Limestone and clay | Blast-furnace slag and 
or shale 13 limestone 


Year 
Thousand | Percent | Thousand | Percent | Thousand | Percent 
barrels barrels 
1952-56 (average) 60, 850 21.8 71.1 19, 962 7.1 
LEE EE EEN 64, 776 21.7 71.0 21, 905 7.3 
CCC 71. 681 23. 0 72.4 14, 295 4.6 
¡E WEE 79, 895 23.5 70.6 19, 860 5.9 
„ 85. 924 26.9 67.6 17, 460 5.5 
JJ) 70, 824 21.9 71.1 22, 914 7.0 


! Includes Puerto Rico. 
Includes output of 4 plants using mar! and clay in 1952-56 (average); 4 plants in 1957-60; and 3 plants in 


1961. 
3 Includes output of 8 plants using oystershell and clay in 1952-56 (average); and 9 plants in 1957-61. 


TABLE 10.—Raw materials used in producing portland cement in the United 
States 


Raw materlal 1960 1961 
Cement ro⸗ek„k thousand short tons. 19, 917 18, 482 
Limestone (including oystershell) do.... 66, 823 68, 139 
AT A A E E E do.... , 224 549 
Clay and shala P eer do.... 9,657 10, 105 

Blast nen HAN icon dena ER M EE n MEAM ñ; do.... 1, 269 l, 
OYDSUI A A ES do.... 1, 146 2, 754 
Sand and sandstone (including silica and quartz) do.... , 690 1, 386 
Iron materials AAA ³ 0...- 714 623 
Miscellaneous A ee do.... 66 137 
l.! uUa ðͤ E RISE RE MN EE do.... 103, 566 103, 470 

Average total welght required per barrel (376 pound) of finished 

elt ea pounds.. 649 638 


1 Includes Puerto Rico. 

2 Includes fuller’s earth, diaspore, and kaolin for making white cement. 

3 Includes iron ore, pyrite cinders and ore, and mil] scale. 

Includes fluorspar, pumicite ‚pitch, red mud and rock, hydrated lime, tufa, calcium chloride, sludge, 
alr-entraining compounds, and grinding aids. 


FUEL AND POWER 


Less coal and oil and more natural gas were used in producing 
cement in 1961 than in 1960. Coal and oil supplied 54 percent of the 
heat used, compared with 57 percent in 1960. Consumption of nat- 
ural gas increased 5 percent compared with that in 1960. The 175 
active plants used an average of 1.2 million B.t.u. per barrel of 
cement produced. 
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TABLE 11.—Finished portland cement produced and fuel consumed by the port- 
land-cement industry in the United States,’ by processes 


Finished cement produced Fuel consumed 


Year and process Percent Coal OU Natural gas 
Plants | Thousand of thousand | (thousand | (thousand 
barrels total ort tons) A cubic feet) 


— —— | Ee | EE — 


1960: 
! 107 196, 370 58.4 4, 138 3,216 | 110, 208, 571 
Diy AAA sos Seen 69 132, 639 41.6 4, 230 816 | 61, 393, 837 
vk, WEE Ga 176 319,009 | 100.0 3 8, 368 4, 032 171. 602, 408 

— 

1961: 
OWN E oma A a ee ook 105 188, 346 58. 1 3, 960 3,329 | 124, 497, 379 
ER AAA AA 70 135, 768 41.9 3, 808 581 | 55, 856, 216 
Total A ees: 175 324,114 | 100.0 4 7, 768 3, 910 | 180, 353, 595 


t Includes Puerto Rico. 

3 Comprises 151,704 tons of anthracite and 8,216,358 tons of bituminous coal. 
3 Includes 486,957 thousand cubic feet of coke-oven gas. 

4 Comprises 152,644 tons of anthracite and 7,615,153 tons of bituminous coal. 


TABLE 12.—Portland cement produced in the United States, by kinds of fuel 


Finished cement produced Fuel consumed 


Year and fuel Coal Oil (thou- Natural gas 
Plants | Thousand | Percent | (thousand | sand 42. | (thousand 
barrels of total | short tons) gallon cubic feet) 


barrels) 
1960: 

Coda EEN 61 2 107, 084 33.6 /// AAA MER 
. eee caldos 9 2 13, 405 3 2,491 A 
Natural gas 37 3 57, 677 AAA WEEN 3 69, 978, 032 
Coal and oil.................- 23 47, 715 15.0 1, 969 NEE KE gege 
Coal and natural gas 21 37, 075 11.6 898999 36. 615, 218 

Oil and natural gas.) ..... 18 42, 441 133333300 8 667 51. 732, 873 
Coal, oil, and natural gas 7 13, 552 4.2 208 23 13, 276. 285 
Pill! et C 176 319, 009 100.0 48 368 4, 032 | 171, 602, 408 
SS: ee —— Le SE LEE 

1961; 

Coal az 58 3 100, 656 31.0 52M A 

Oia 9 2 14, 803 „„ 27 5 us ec 
an 33 3 51, 297 15:8 E, 8 01, 704, 992 
Coal and oil 22 46, 235 14.3 1, 813 o 
Coal and natura! gas 22 40, 216 12.4 5 36. 751. 068 

Oil and natural gas . .......- 23 56, 010 14:23 1.2522mcncon 397 05, 787, 274 
Coal, oil, und natural gas..... 8 14, 897 4.6 125 23 | 16,020,261 
C0 175 324, 114 100. 0 § 7, 768 3, 910 | 180, 353, 595 


Includes Puerto Rico. 

3 Averave consumption of fuel per barrel of cement produced as follows; 1960—coal, 106.3 pounds; oll, 
0.1858 barrel; natural gas, 1,213 cubic feet. 1061—coal, 101.0 pounds; oll, 0.1880 barrel; natural gas, 1,205 
cu^ic fret. 

3 Includes 486,957 thousand cubic feet of coke-oven gas. 

* Coin prises 151,704 tons of anthracite and 5,216,358 tons of bituminous coal. 

3 Coiu prises 152,044 tons of anthracite and 7,615,153 tons of bituminous coal. 


CEMENT 403 


TABLE 13.—Electric energy used at portland cement plants in the United States,“ 
by processes 


Average 


Electric energy used 
electric 


energy 
Generated at port- Purchased Total used por 
Year and process | land cement plan barrel of 
cement 
sand produced 
Million | Active | Milllon | Million barrels) |(kilowatt- 
kilowatt-| plants | kilowatt-| kilowatt-| Percent hours) 
hours hours hours 
60: 
EE 4, 152 186, 370 22.3 
TTC ͤ 3, 274 132, 639 24.7 
EE 7, 426 319, 009 23.3 
Percent of total eleo- 
tric energy used Pe aii EE n “...... D 
1061 : 
WM 4, 251 22.6 
DIJ ZE 8, 266 24.1 
Total 7, 517 . 0 23.2 


— —|-———————— + ——-———— * 2 2 ů al „222 „„„% dd 


Includes Puerto Rico. 


TRANSPORTATION 


Bulk shipments of cement continued to increase and reached a 
new high of 84 percent of total shipments. Most of the remainder 
was shipped in paper bags but a small quantity was shipped in cloth 
bags. Shipments by truck increased 10 percent compared with those 
in 1960. The largest gains were registered in the Northeast and 
Central States. Rail freight rates on cement shipped into the upper 
Midwest States were reduced an average of 15 percent on June 6, 
Shipments by boat were highest from plants in Puerto Rico, New 
York, Kentucky, and Louisiana. Other States reporting boat ship- 
ments included Penns Ivania, Alabama, Virginia, Missouri, Texas, 
California, Oregon, and Washington. The tabulations in this chapter 
represent only shipments from producing companies to consumers 
and do not include shipments between producing plants or to dis- 
tribution centers. 

CONSUMPTION 


Shipments of cement into the various States are considered to be 
a reliable index of consumption. Total shipments into 32 States and 
the District of Columbia were higher than in 1960. 

e to ready-mixed concrete producers increased 6.3 million 
barrels over shipments in 1960; shipments to building-material 
dealers decreased 3.4 million barrels. As in 1960, replies to the canvas 
of shipments of cement by type of customers were essentially complete. 
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TABLE 14.—Shipments of portland cement from mills in the United States,’ in 
bulk and in containers, by types of carriers 


In bulk In paper bags Total shipments 
Year and type of carrier 


Thousand | Percent | Thousand | Percent | Thousand | Percent 
barrels barrels barrels 


BOQ sce cee Ate 
Used at the plant 


du. P 
Percent of total 


1 Includes Puerto Rico. 


3 Cloth bags and other containers included with paper bags to avoid disclosing individual company 
confidential data. 


STOCKS 


Stocks of finished portland cement and clinker at portland cement 
plants on December 31 were 2 percent higher and / percent lower, 
respectively, than those on hand on December 31, 1960. Changes in 
stocks from 1951 to 1961 are shown in figure 1. 
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FIGURE 1.—End-of-month stocks of finished portland cement and portland- 
cement clinker, 1951-61. 
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TABLE 15.—Destination of shipments of all types of finished portland and high- 
early-strength cement from mills in the United States, by States 


Finished portland High-early strength 


(Thousand barrels) 
Destination 

Al ADA EE 4, 622 

III. ER (3) 
Rate EE 4, 835 
JC A A A E 2, 590 
Northern California 13, 307 
Southern California eee lll l.l. 22, 023 
ee ß , teasa 4, 061 
Sonneete uu ————À 3, 170 
Den ⁵ ]ð lis 856 
District of Columbia 1 ne ee 1. 275 
Fel. ⁵ 8 3 12, 132 
Ee A O senses dee. 5, 882 
IJ ²³⅛ 050 ⁰ ⁰ es 1, 241 
TORO: ⁰⁰⁰yyd ĩ³ d 1. 351 
EHI ⁵⅛ KA diede Ra aud Ed a 18, 543 
FM EE 8, 759 
lOWB ñ ⅛ EE 6, 940 
KAN %³Ü¹Aù ²⁰Üim ⅛ ͤ oi 5, 070 
Rehe: ankhon eunn eg 3, 802 
e 8, 007 
lll ⁰ ALMAE 793 
Ml ³ĩðꝗA y A 5, 478 
Massachusetts Li a ue 4, 261 
O A ⁰ 8 13, 887 
Minnesota gg a cee dame CEU 6, 350 
Mississi ppl E erte Ser 3, 324 
MASSOUD EE 7, 684 
MONA cias . x 1, 078 
Nebrdsk ß 4, 250 
Nevada Lo ũ ees sumet eei rd S Cd E Ed 839 
New Hampshire WEE 722 
New Jersey EE 8, 016 
Now Nees da aeiaai aaa 2, 399 
, ß co eee 20, 351 
North Carolina 5,011 
North Det!!! EE 1,377 
f E A A ce NONE 17, 061 
Wo. 4, 669 
C A EE 3, 097 
Pennsylvania. cocoa Oh 13, 721 
Rhode Island „6% 622 
Se eege Eed, 2, 230 
South De“... ee 1, 864 
CUNEGSS6O ri e o 5, 041 
Teras Co ͤ A DUO 20, 195 
E!; EEN eege 2, 093 
/ ²oÜwà ͥ⁰ y eon 438 
J7%%/%%%ͤ] md oc aua Md Meade Ad 6, 220 
AT EE EE 5, 643 
TEE 2, 306 
F111ͤ·¹ ce o vv da 6, 967 
( EFC KM K ER 1, 051 
DSDOClled cuand Epor Oed s 60 
Total United States - 307, 564 
Other countries 4 4, 728 
Total shipped from cement plants 312, 292 


! Noncement producer. 
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: Included with “Other countries” to avoid disclosing individual company confidential data. 


cludes shipments from Puerto Rican mills. 


Direct shipments by producers to foreign countries, Alaska, and to Puerto Rico, including distribution 


m Puerto Rican milis, 
Direct shipments by producers to other countries and Alaska. 
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TABLE 17.—Stocks of finished portland cement and portiand-cement clinker at 
mills in the United States on Dec. 31, and yearly range in end-of-month 
stocks 

(Thousand barrels) 


Range 


Year quantity Low High 


End of month | Quantity} End of month | Quantity 


1 Includes Puerto Rico. 
3 Revised figure. 


PREPARED MASONRY CEMENTS 


Prepared masonry cements were produced at 138 portland cement 
Beet 2 natural cement Dez 2 slag-cement plants, and 1 hydraulic- 
ime cement plant. Production was 2 percent less than in 1960. The 
largest shipments were to Ohio and North Carolina. 
ince masonry cements vary considerably in composition and bulk 
density, producers were requested to report them in equivalent 280- 
pound barrels, as shown in the following tables. 


NATURAL, SLAG, AND HYDRAULIC-LIME CEMENTS 


Natural cement was produced at two plants and slag cement at two 
others. Output was small, although the four plants made large quan- 
tities of prepared masonry cements. One hydraulic-lime cement plant 

roduced only masonry cement. Annual capacity of about 1 million 

rrels was reported dor the five plants. Producers reported using 
30,000 tons of cement rock, 10,000 tons of lime, 10,000 tons of slag, 
5,300 tons of coal, and 31 million cubic feet of natural gas in process- 
ing these cements. 
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TABLE 18.—Shipments of prepared masonry cement from mills in the United 
States, by States 


(Thousand barrels) ! 


Destination 1960 1961 

ALAN is radares 481 
III. a as (3) (3) 
e ß ß E eM, (3) (3) 
AE A ] A E cheeks 218 239 
r A yd EE 1 1 
Le EE 251 27 
Connectiont EEN 100 110 
1%%%%% ³»5! en ee EENS 31 
District of Columbia oo ot G 231 257 
Plott AS EE ³ðVW - ⁊è- -mur ĩ ĩ 8 1. 312 1. 146 
%%% MQGém : :..:... ER A 854 885 
J%////GCCööͥĩͤĩõĩõĩöt2:! f OP EE 17 14 
III 6 —irQmn oe ei ok Oe ĩðés ] ] IDE y 8 777 77 
FFII ↄ ↄo˙OWwmdſꝗ.]³˙ - ] Canc A A A E ee 626 659 

A EE é d ĩð v 8 200 201 
CðFf ĩ˙ und. hr ⁊ðV.W. ] «A ⅛ê,;uy - ˖vĩ-T!... cee eee 182 218 
FF ⁰²;“r ...... ꝙmdttttdt Mee E T 403 455 
TAU ASIA So eee w ⁵⁰¹“ww ³ ⁰⁰yßd y INS 299 237 
A ͥͥͥͥͥͥͥſſ ²⁰ mm ͥ ECCL athe es 69 7 
h/ EI os I Mei SA y c igo 448 480 
A e .. ]5ꝛ— ]·Ü] ee EE 262 258 
UCI de eelere E dd eebe E 1, 131 1, 063 
NI ⁵ EE 376 382 
JJC! ³·'-¹-.0-... ⅛ Le ⁊⅛ꝶ- ⁊ð . a esate uebees 305 301 
A EIA A A e ð y kx y Me CEU 207 196 
UOC otter hea ĩ ³⁰A E m te k t EA 31 23 
JJJJd%%%%0%ĩÜ5t‚wͥͥãſũĩè·t· ⅛ ! õ⸗ꝛ ⅛ ßdßd yy ð . 87 93 
New ET E GEES 60 66 
IN OW Jors EE EE 8 522 550 
0% ꝙ y EE EN 122 117 
S/ ]ðꝛ˙ünAn.n..... • ooo A d AO 1, 103 1. 068 
00 om ͥ a ² gr . 8 1. 229 1, 326 
Norr Dakota MM A A NAS 7. 

J)) T 1. 385 1, 334 
rr ð y ⁰ 231 219 
(Ne EE ˙ͤ ; ⁊ꝝꝶ-ĩ . ß d km y D 2 2 
J ⁰³ð¹³ A AN D Le lcs quM mI E 1, 156 1,162 
Ri 04.220 0 ee 8 30 28 
South AC . IAE A A y 58 612 
S ] oh (d ⁵ T AN 53 57 
RO MAA d uu qu E EE EE 869 8S4 
J%/%%% 0 ]³»ů ;ͤf ͤ ͤ ͤͤÄvdd ³⁰¹ m ] » ³ĩ2AAA RE 8 811 816 
r f fd AS E 17 14 
a A A A A A A A et 8 34 37 
te NESCIRE .'... 8 991 1, 057 
KR ↄ SAA 47 45 
MA ls AAA ee d NA 215 206 
Mio IA A A AS A 523 501 
NV ANE EE EE EE 20 30 
NSIC A EE 3 

Total United States jn ³ÜWA e 19, 113 19.172 
Ale. ] ð Ad A a aio ea 21 103 
Total shipped from cement plants 19, 134 19, 275 


1IW-pound barrels. 

2 Noncement producer. 

3 Included with “Other countries” to avotd disclosing Individual company confidential data. 
€ Direct shipments by producers to other countries and to Aluska and Arizona. 
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Since masonry cements made at these plants contained some port- 
land cement, they are included in the tabulations of masonry cement 
Prepared at portland cement plants (tables 18 and 19). Production 

gures of natural and slag cements from 1957 to 1961 are not strictly 
comparable with those for earlier years because of changes in method 
of reporting by several producers. 


TABLE 20.—Natural, slag, and hydraulic-lime cements produced, shipped, and in 
stock at mills in the United States 


PRICES 


The average net value of shipments from all cement plants was 
$3.35 a barrel, compared with $3.37 in 1960. 

Portland cement prices at the plant decreased from $3.33 a barrel 
in the last quarter of 1960 to $3.31 in the first quarter of 1961, then 
increased to $3.35 and $3.36 in the second and third quarters, respec- 
tively. Prices dropped to $3.27 in the fourth quarter. Average 
prices of types I and II portland cement (93 percent of all portland 
cement Produced) increased from $3.26 a barrel in the first quarter 
to $3.81 and $3.33 in the second and third quarters, respectively, then 
fell to $3.23 in the fourth quarter. 

The average price of high-early-strength cement increased from 
$3.72 in the first quarter to $3.75 and $3.78 in the second and third 
quarters, respectively, followed by a drop to $3.68 in the fourth 

uarter. 
: The price of prepared masonry cement decreased from $2.93 (bar- 
rels of 280 pounds) in the last quarter of 1960 to $2.91 and $2.90 in 
the first and second quarters, respectively, rose to $2.96 in the third 
quarter, and fell back to $2.89 in the fourth quarter. 

The composite wholesale price index of portland cement, f.o.b. desti- 
nations, according to the Bureau of Labor Statistics index (1947-49 
=100) was 154.8, compared with 155.2 in 1960. 


FOREIGN TRADE 


Imports.—Imports of hydraulic cement decreased from 4.1 million 
barrels in 1960 to 3.6 million barrels in 1961. Imports into New Eng- 
land and New York totaled 2.4 million barrels, about the same as in 
1960, but they represented 67 percent of all cement imports, compared 
with 59 percent in 1960. Canada, Norway, and Colombia supplied 


ures on imports and exportr compiled by Mae R. Price and Elsie D. Jackson, Divi- 
sion of Forelgn Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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69 percent of the cement imported in 1961. Imports from Norway 
totaled 721,000 barrels. There were no imports from Norway in 
1960. 


TABLE 21.—Average mill value in bulk, of cement in the United States 
(Per barrel) 


Natural, 
Portland | slag, and | Prepared | All classes 
Year cement | hydraulic- | masonry |of cement 
cement 13 


- gp e eg en 2 —— ͤ*⸗ 2 2—ͤ 2 af er op ep e op ep ——— — REX 


go go po co pe d 
828882 


Includes Puerto Rico. 

Includes masonry cements made at portland, natural, and slag cement plants, 
280 pound barrels. 

Includes masonry cement converted to 376 pound barrels. 


Most of the white cement impor (69 percent) came through 
the Florida customs district. Belgium-Luxembourg and France 
EE 52 percent of the white cement imports; 23 percent was from 
apan. 
rts.— Exports of hydraulic cement were 53 percent greater than 
the 1960 exports. 


TABLE 32.—U.8. imports for consumption of cement 
(Thousand barrels and thousand dollars) 


Roman, portland, 
and other 
hydraulic cement 


Hydraulic cement | White nonstaining 
clinker portland cement 


Year 


1952-56 (average).... 
1957 


we eeeee ee —U— eg wë enen ee 


e ege ees deeg 


1 Data from 1954-57 not comparable with earlier years. 
2 Revised figure. 
3 Revised to none, 


Source: Bureau of the Census. 


WORLD REVIEW 


A Swedish publication of considerable international interest was 
issued during the year. It contained a worldwide listing of cement 
manufacturing plants and pertinent data, accompanied by maps show- 
ing plant locations and geographic distribution of capacities.” 


9 CEMBUREAU (The Cement Statistical and Technical Association). World Cement 
Directory (in English). Malmó, Sweden, 1961, 140 pp. 
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TABLE 24.—U.8. exports of hydraulic cement, by countries 


1959 1960 1961 
Destination EE 
Barrels | Value | Barrels | Value Barrels | Value 
North America: 
Bermuda 8 Ge 1, 040 $8, 939 1, 363 97, 913 745 $4, 128 
Canadá... EE .-....| 99,093 | 542,196 | 55,440 | 364,976 | 54, 802] 376, 575 
Central America: 
British Honduras............. ears 200 814 382 1, 717 590 2, 377 
Canal Zone........ (—— —À— 132 957 140 1, 227 32, 675 126, 962 
Costa Rica ...| 17,912 | 58,398 4, 557 16,432 | 24,083 74, 624 
El Salvador. uccisi c A AA 2 560 23 1, 520 
Gua A rl 1,057 7, 404 1, 026 5,715 48 522 
Honduras. 9, 980 42. 660 198 12 260 
Nicaragua 3, 804 18. 995 7, 776 33, 915 4, 813 21, 515 
nl 1. 300 „ EE 124 1, 382 
/ AAA 18,810 | 107, 446 7, 344 60, 324 13, 696 61, 410 
West Indies: 
British: 
Bahamas ee nee 16, 910 73, 129 14, 403 65, 265 34, 236 108, 490 
Barbados EE A esae 2, 024 6,210 MEA A 
Jamaica 727 4, 615 537 1. 803 202 870 
dg ard and Windward 
J 11, 250 87, 572 12, 241 43, 162 16, 773 §2, 965 
Trinidad and Tobago.......-- 412 2, 563 398 2, 042 5, 048 26, 579 
COR RON ER ecu CHR 8, 394 23, 079 1,157 FVV 
Dominican Republic. 4 4 9⁴ 1, 304 74 374 
French West Indies 5, 625 15, 385 6,455 18, 244 615 2, 164 
Netberlands Antilles 600 1, 560 640 6, 048 419 1, 310 
Total..... CCC 192,246 | 951,378 | 116,012 | 644,444 | 189,278 864, 027 
A ——————ů——— e LE | ===> — — 
South America: 
Argentina TAS 9, 285 51, 398 10, 928 57, 147 8, 310 40, 501 
A A 4, 477 32, 695 2, 891 21,043 4, 6500 29, 251 
AAA ees caret 1, 216 13, 083 2, 004 22, 074 22 484 
CHUB eebe 5, 834 59, 555 10, 353 64, 153 1, 381 17, 360 
Colombia. sx; 4, 628 31, 292 219 3, 810 1, 203 8, 855 
teni J 8 370 8, 824 815 8, 907 2, 505 15, 115 
OTC A. oc ose sews E 8 10, 201 50, 064 287 4, 694 1, 144 
988 South Amerlca.....------------ 50 2,015. AA GEES 306 2. 529 
Total SS ĩðꝛ RSEN Eme RA qud 36, 370 249, 927 27, 497 182, 568 18, 443 115, 239 
EE 
gium-Luxembourg................. 533 4,957 264 2, 582 L 321 2, 135 
Frane A n needdcdosep Rec 3, 900 21, 369 21 3. / T 
Germany, West- ee EE 639 7, 521 191 2, 900 120 600 
Netherlands...........-...........-.- 65 1, 800 88 ¡A 8 
Other Europe F 589 | 11,110 258 8, 498 2, 511 16, 952 
lll eecs eds cesse ds 5, 726 46, 757 822 18, 794 3, 952 19, 687 
Asia: 
Arabia Peninsular States, n. s. 4, 098 31, 023 1, 250 10:508 AS A 
Eege E 697 3, 588 55 1. 238 562 4, 355 
eee ß ß A 750 3, 735 19, 159 86, 278 
GE 3 WA | 82,135 8,250 | 70,010 1, 250 7, 791 
t CC 2, 918 91, 403 1, 112 28, 567 8, 762 72, 041 
Republic of....... 8 S 740 4% / 8 36 970 
dE 2,010 | 10,261 1, 500 6, 533 804 3, 660 
r Ead e iB sio cect 1, 892 11, 230 1, 366 9, 501 206 1, 140 
Be dees A P 1, 807 18, 399 751 5, 901 1, 506 7,721 
A A A 125 2, 300 54 936 1, 067 3, 316 
Other Aal 352 2, 97 2, 473 15, 236 1, 163 7, 932 
„„ Àw— — Ó 25,389 | 257,927 17,561 | 152, 345 34, 515 195, 204 
A S | | SSS — Ü 
ca: 
British West Africa 4, 250 16, 585 1, 150 "a VR AN, PR 
Lidel 53 11, 250 46, 900 5, 500 29, 68S 3,250 2, 326 
A AAN SEa aE 1, 782 22, 003 1,025 8, 000 400 4, 968 
Other lee -2-200 2 3, 100 1, 179 6, 572 6, 249 29, 055 
Total AAA . Le auis 17, 536 88, 588 8, 8^4 50, 553 9, 809 36, 340 
Oceanla ;; (00 GE 16. 558 85, 971 29, 729 156, 340 
Grand total. 277, 267 [I, 694,577 | 187, 304 1, 134,675 | 285, 816 | 1, 386, 846 
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NORTH AMERICA 


Canada.—Several plants were expanded, but no new ones were com- 
pleted. Cement productive capacity of 19 plants with 45 kilns rose 
to nearly 50 million barrels. Almost one-half this capacity was in 
plants of Canada Cement Co., Ltd. The value of Canadian produc- 
tion increased to Can$100.7 million in 1961 from Can$93.7 million 
in 1960. Ready-mixed concrete provided a market for 27 percent 
of all cement consumed in Canada in 1960. 


TABLE 25.—World production of hydraulic cement by countries * 


(Thousand barrels) 
Country 1052-56 1957 1958 1959 1960 1961 
(average) 


— € — —á—— | — —— —ñ— [ ůL—é |——— |—————— 


North America: 


Canada (sold or used by producers)...| 21,794 32, 178 82, 729 4 , 782 
CODES EE A 2, 674 3, 805 4, 192 3, 670 92,345 
Dominican Republic.................. 1, 067 1, 642 1, 583 1, 114 
Guatetala.............-----.-se------ 410 575 692 680 657 
EECH TATA 3211 164 211 223 281 
Hh. A A A 64 199 
C AAA GH 1,044 1, 155 1, 243 
EEN 10,994 | 15,010 | 14,887 | 15,884 | 18,112 
Nicaragua. ooo 1 252 235 5 1 
Fs a 463 463 393 569 639 
AS AAA 8 4 246 498 510 487 504 
Trinidad auc casa ðV 3 557 780 879 1,055 1, 038 
United States (including Puerto Rico). | 288, 914 313, 756 326, 352 355, 734 334, 130 

// 328,008 | 369,967 | 383,707 | 414,267 | 391,115 

South America: 

ATHONTINE cess 5555066 deer dis 10, 372 13, 861 14, 488 13, 884 15, 485 
!; ³⅛ AAA ³ 205 141 170 170 223 
BGA DEE 14, 301 19, 900 22, 222 22, 521 26, 232 
eeneg 4, 609 4, 263 4, 257 4, 902 4, 855 
Seon... 5, 629 7, 194 7, 200 7, 904 8, 500 
LEE ³ĩðV9 ³ ( aeu ed 674 909 938 921 1,179 
AA 8 47 70 41 76 2 
EEN 2, 814 3, 195 3, 547 3, 412 3, 524 
Fh. 8 1,750 2, 445 2, 539 2, 474 2, 433 
Venezuela „ 6, 766 10, 243 9, 475 10, 976 8,719 

Total A A ESAME 47, 176 62, 221 64, 877 67, 240 71, 322 

Euro 
All 182 410 457 434 428 
AMIS CA A E 9,616 12, 483 12, 630 14, 172 16, 593 
„ O A 26, 344 27, 587 23, 787 26, 027 25,728 
release Rico 4, 485 5, 160 5,476 8, 402 9, 293 
Czechoslovakia. aaa 15, 397 21, 530 24, 008 27, 815 29, 621 
NT A A 7, 200 6, 825 6, 262 8, 150 8, 408 
Feng, ER Uesc e hn 5. 570 5, 541 5, 424 6, 860 7, 347 
TANO EE 58, 357 73, 930 78, 650 82, OSU 83, 101 
Germany: 
NC NANI NU ERR 15,649 | 20,287 | 20,862 | 24,655 

/ siete 95, 273 112, 335 115, 407 135, 817 146, 025 
EE 9, 353 7, 188 7, 857 8. 467 9, 598 
Fr 6, 130 5, 799 7,031 8, 402 9,211 
1% V) ³ 193 457 428 
A AA ⁵˙ -ů P 8 3,412 3, 078 3, 055 3, 102 3, 342 
JfJJ!lͤ ĩð A ĩ³ 8 53, 015 70, 072 75, 185 83, 417 92, 927 
Lusemthugp. ccoo 802 1,114 1, 149 1, 126 1, 231 
AA Sege ée 5, 863 7, 740 8, 009 Y, 381 10, 542 
INGEWHY A 4, 603 5, 963 6,015 6, 631 ; 
Ff ˙ð¹ꝛꝛ Ee 20, 187 26. 361 29, 657 31. 175 38, 651 
Portüful ³˙¹mAAA coa 4, 784 5. 740 6, 004 6, 045 7, 024 
FRAG a a ER 10, 589 13, 808 15, 080 16,716 17, 907 
AAA EE E 22, 356 29, 117 31, 193 33, 501 32, 600 
O E EE 14, 048 14, 365 14, 717 16, 535 16, 452 
SL WEE 10, 882 14, 723 12, 811 15, 731 17, 824 


Bee footnotes at end of table. 
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TABLE 25.—-World preduction of hydraulie cement by countries '—Continued 


(Thousand barrels) 


—— E EN EN E | ——————— — 


— E | ——ÓÀ——Àá— EN | ———— | — — 


Country 1952-36 1957 1958 
(average) 
a asa 
2 MR RE 8 112, 816 169, 426 195, 283 
United Kingdo mn 71, 016 71, 274 69, 486 
Vugosla vin 8, 332 11, 627 11, 533 
M/! A 592,396 | 743,478 | 787,944 
Ada: 
Ahnen — cola n DEC 
BU!!! secret 281 217 211 
STEE 434 287 469 
EE 26, 068 40, 222 64, 529 
lll aE 6217 399 487 
E Fons 38 551 610 891 
pe C 25, 177 33. 368 36, 270 
Indonesia P7177 1. 472 1. 753 
JJ —— MÀ : T 835 A 404 
Ee A E we EE „507 ,911 , 9X 
A ↄð ¼8ͤLͤuñ e E 3, 225 4. 210 4, 181 
A m hr EET 58, 803 85, 981 87, 862 
Jordan....... S eg § 446 627 
Eu 
fcn Asie 1, 460 5, 248 7,177 
Republic Dees 287 539 1,736 
e 2, 187 3,2 2, 973 
Malaya, Federation of................ 4 497 668 645 
FSS. es 3, 882 8, 409 6,391 
Philippines........--.-.------.------- 2, 052 2, 996 3,764 
i . aS 8. 149 3, 541 5. 951 
e, e os Secs 1. 999 2, 357 2. 674 
Iii 4. 087 7. 894 8, 595 
United Arab cc ls Region).. 1, 372 1, 847 2, 269 
Viet Nam, North, e 1, 249 967 1,771 
"Total —MÓ— — 140, 109 211, 018 237, 894 
Africa: 
Algeria mde eege 3, 43 4, 189 4, 937 
As Sees EC ES da 4334 756 973 
Camerouu, Republic o 353 64 64 
Canary ICC ee Pease ae 12 85 


Congo, Republic of the (formerly 
Belgian) including Ruanda-Urundi). 1, 291 2,721 2, 427 


A cs 123 147 188 
Kenya A Egeter 534 1, 208 1, 272 
Medes. Eege? 3, 676 2, 055 2, 392 
SE ——— 657 979 1, 055 
Rhodesis and Nyasaland, Federation | ^| ^^^ 
of: 

Northern Rhodesia. ................ 457 

Southern Rhodesia......-.-.------- 1, 935 } 3,987 | — 4,607 
e 586 926 871 
Sudan, Republic of the............... 3357 352 522 
REN 1,712 2,351 2, 023 
LE TEE 4258 504 610 
Union of South Africa 13, 040 14,811 15, 960 
United Arab Republic (Egypt)....... 7,153 8, 596 8, 871 

Ee eeneg F 36, 382 44, 538 47, 533 

Oceania: fet he ee 

Australia c 10, 548 13, 615 11. 418 
New Zealand. ........................ 2, 023 3, 106 3, 289 

WV WEE 12, 571 16, 781 17, 707 

World total (estimate) i. 1, 157,032 |1, 448, 003 |1, 539, 662 


! This table incorporates some revisions. 

1 Estimate. 

3 Average annual production 1955-56. 

Average annual production 1953-56, 

3 Average annual production 1951-56. 

* Average for 1 year only, as 1956 was first year of commercial produetion. 


Compiled by Helen L. Hunt, Division of Foreign Activities. 


1, 724, 585 |1, 866, 277 


1960 1961 
266, 897 299, 028 
19, 137 9, 201 
14, 060 13, 691 
980,739 | 1, 078, 092 
_———— + 
205 3 205 
264 235 
493 481 
3 93, 813 3 82, 086 
516 545 
879 1. 079 
45, 939 61, 002 
2, 269 2, 609 
4, 555 2 4, 691 
3, 624 5, 125 
4,720 3 4, 984 
132, 147 144, 448 
967 1, 290 
13, 398 13, 263 
2,527 3, 096 
5, 007 5, 125 
1, 677 1, 941 
6, 796 7, 288 
4, 601 5, 975 
6, 936 8, 824 
3, 681 4,673 
11, 940 11,891 
2, 949 3, 106 
2, 350 2, 656 
351,796 376, 678 
6, 227 6, 274 
944 921 
405 3410 
21,173 2 1,026 
164 178 
2. 070 1. 935 
3, 401 3, 735 
1. 302 L 243 
909 , 680 
715 
985 1, 007 
709 487 
2,375 2, 105 
422 309 
15, 8^4 15, 233 
10, 859 10, 653 
51,317 90, 912 
16, 370 16, 757 
3. 618 3, 817 
19, 988 20, 574 


1, 997, 319 
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Descriptions were published of the new 4-million-barrel Miron Co., 
Ltd., plant at St. Michael on the island of Montreal.? The company, 
formerly known as Miron & Freres, Ltd., was purchased in late 1960 
by a Belgian firm, Cimenteries et Briqueteries Reunies (Brussels). 

Expansions were completed ; 500,000 barrels was added to the capa- 
city of the Saskatchewan Cement Co., Ltd., plant at Regina, Sa - 
katchewan, and 1.1 million barrels each was added to plants of 
Cement Quebec, Inc., at St. Basile, Quebec, and Inland Cement Co., 
Ltd., at Edmonton, Alberta. Lafarge Cement of North America, Ltd., 
with operations in British Columbia, extended its holdings in ready- 
mixed concrete and concrete products manufacturing concerns. As- 
sociated Portland Cement Manufacturers, Ltd., a British corporation, 
po one-tenth of the outstanding shares in Canada Cement 

„Ltd. 

An article was published describing cement manufacture at the 
Bamberton, British Columbia, plant of British Columbia Cement 
Co., Ltd., near Victoria on Vancouver Island. Limestone, once 
obtained from Texada Island and shipped 90 miles by barge, was 
mined from a nearby quarry and ER by truck to the plant. The 
company announced plans to market premixed pozzolan cements 
that use shale processed on Saturna Island. 

The self-unloading vessel, Cementkarrier, operated by Canada 
Cement Co., Ltd., on the St. Lawrence Seaway, was lengthened 48 
ege obtain greater capacity and, at the same time, shallower 

rait.?? 

Guatemala.—Cementos Novella, S.A., was the only cement producer. 

Jamaica.—Caribbean Cement Co., Ltd., planned to spend 97 million 
for a third kiln and other equipment at its Kingston plant, raisin 
capacity by 50 percent. Exports in 1961 totaled 72,575 barrels, a 
produced by the one company. 

Mexico.—A 1-million-barrel plant to cost US$5.6 million was 
scheduled for construction by Cementos del Sur, S.A., Cosoleacaque, 
near Minatitlan, in southern Veracruz. On completion of the new 
600,000-barrel Cementos Atoyac, S.A., plant at Puebla, Puebla State, 
the existing plant was to be razed. San Vincento Cementos Portland, 
S.A., was building a $16 million plant about 55 miles south of 
Ensenada, Baja California. Part of the production was expected to 
be marketed in the San Diego. Calif., area, with possible exports to 
the Far East. Mexico reported no exports and imported only from 
the United States in 1960. Consumption of cement increased 1n 1960 
to 18.1 million barrels from 15.4 million barrels in 1959. 

Panama.—Sales of cement in 1959 included 508,524 barrels in Panama 
and 56,840 barrels in the Canal Zone. 

Puerto Rico.—A fourth wet-process kiln, with 1.7 million barrels 
rated capacity, was installed in the Puerto Rico Cement Corp. plant 
at San Juan as part of a $4.5 million expansion program. 


5 Miron Company Limited. Pit and Quarry, v. 54, No. 1, July 1960, 
pp. 137-139, 142-147. 

Swenson, E. G. The Miron Cement Plant at Montreal. Canadian Min. and Met. Bull. 
(Montreal), v. 54, No. 591, July 1961, pp. 542-546. 

3 Utley, Harry F. British Columbia Cement's Automated Crushing-Blending System. 
Pit and Quarry, v. 54, No. 5, November 1961, pp. 112-116. 

3 Jarman, Hugh G. Canada Cement’s Cementkarrier Has More Length, More Cargo, 
Greater Speed, Save Power. Pit and Quarry, v. 53, No. 11, May 1961, pp. 167, 168. 
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SOUTH AMERICA 


Argentina.—Minera Alumine, S.A., Industrial Comercial y Finan- 
ciera, Buenos Aires, an Argentine combine, contracted with a German 
firm to build a 300,000-barrel plant at Neuquen, Patagonia. The 
plant was designed for eventual tripling of this capacity. 

Brazil.—Cimento Arutú, S.A., the only cement producer in the State 
of Bahia, added a third kiln, which increased capacity to 1 million 
barrels. Brazil's overall productive capacity of 35 million barrels 
was scheduled to increase to 38 and 41 million barrels by 1963 and 
1964, respectively; 26 plants were operating, and 3 new ones were in 
advanced stages of construction. 

Chile.—Cement manufacture in 1960 was divided between two 
plants: Sociedad Fabrica de Cemento de “El Melón,” S.A., at La 
Calera, near Valparaiso, with a capacity of 4.5 million barrels pro- 
duced 70 percent of the output, and Cemento Cerro Blanco de Pol- 
paico, S.A., north of Santiago, with a capacity of 1.5 million barrels, 

roduced 30 percent of the output. Total cost of the new 750,000- 

barrel Cementos Bio-Bio, S.A., plant under construction at Huachi- 
pato, 350 miles north of Santiago, was estimated at US$5.7 million. 

supplemental loan of US$200,000 was made by International 
Finance Corp. to insure adequate foundations for earthquake protec- 
tion. Lack of an export market for Chilean cement was blamed on 
high shipping costs. 

Colombia. — White portland cement production amounted to 105,480 
barrels in 1960, compared with 103,722 barrels in 1959. Cementos 
del Caribe, S.A., and Cementos Nare announced plans to build a 
200,000- to 300,000-barrel cement plant at Cartegena to begin operat- 
ing in 1963. Most of the cement would be for bulk export, but a small 
png plant would supply the local market. At Cucuta, near the 

enezuelan border, a new 600,000-barrel plant, a joint venture of 
Fabrica de Cemento Samper, of Bogatá, and Cia. de Cementos Hercu- 
les, S.A., of San Gil, was scheduled for initial operation at half 
capacity. 

quador.—A construction contract was signed with a French firm for 
a 400,000-barrel plant. 

Paraguay.—Imports in 1960 supplied 21,401 barrels of the estimated 
70,000 barrels consumed. To protect the Government's cement in- 
dustry at Vallemi, a temporary ban was placed on portland cement 
imports. 

Peru.—The specific duty on portland cement imports was removed, 
rovided a certified statement was submitted that the price was not 
ess than the domestic price in the country of origin. Ad valorem 

duty at 15.917 percent of c.i.f. value was continued, 


EUROPE 


Bulgaria.—Bulgaria's first Lepol process plant went into operation at 
Beli Iswor, near Wraza. Output of 2.3 million barrels was planned 
when fully operating. This output would equal about one-fourth of 
the country's total capacity. 

Czechoslovakia.—Goals were set in per-capita figures for 1965 cement 
production of 3.6 barrels, representing & 69 percent increase over the 
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2.1 barrels in 1960. A third rotary kiln was added to the Banska 
Bystrica cement plant, part of the State’s largest production complex. 

France.—Cement consumption in 1960 was 77.2 million barrels, in- 
cluding 1 million barrels delivered customs free to the Saar. Imports 
were 59,000 barrels. 

Iceland.—Operations of the Iceland Government Cement Works at 
Akranes were described. The 600,000-barrel plant was supplied with 
shell sand, 80 percent calcium carbonate, dredged from 140 feet deep 
in nearby Faxa Bay and upgraded by flotation. Production was 
confined to Types I and III cements, but manufacture of pozzolan 
cement utilizing a tuffaceous component of the shell sand was planned. 
Production was said to be exceeding consumption by 100,000 to 
160,000 barrels.” 

Ireland.—Cement, Ltd., the only cement producer in Ireland, re- 
ported exports totaling 1,179,705 barrels, of which 901,605 barrels 
was shipped to Great Britain and the remainder to Northern Ireland. 

Italy.—Plans were announced in November 1961 by the large Italian 
industrial combine, CEMENTIR, to build a 3-million-barrel plant 
at Taranto, which would use waste slag from the parent company’s 
new steel mill being constructed nearby. Another such plant was in 
operation at Bagnoli near Naples. Seventy companies operated a 
total of 111 cement plants throughout Italy, and production was about 
85 percent of rated capacity. 

Netherlands.—F irst Netherland Cement Industry, Inc., completed 
a new 1.8-million-barrel plant at Maastricht, with a cost of US$4.5 
million. Because limestone supply was limited, slag from nearby 
Liege was used to manufacture a blast-furnace-slag cement. Plants 
of first Netherland and Cementfabriek IJmuiden, N.V., the only 
Netherlands producers, supplied about 60 percent of the country’s 
cement requirements. The remainder was imported, mainly from 
West Germany and Belgium.* 

Poland.—Exports of 1,075,984 barrels in the first 4 months of 1961 
were 9 percent of production during the same period. The Chelin 
cement plant, with planned capacity of 5.3 million barrels, went into 
production in 1960. Poland’s 5-year plan included construction of 
three new cement plants with a combined capacity of 15.8 million 
barrels. This new capacity would bring Poland’s total capacity to 
64.5 million barrels by 1965—67 percent above 1960 production. One 
of these plants, which was to be the third largest in Europe, was 
under construction at Rudniki, near Czestochowa, and was scheduled 
to go into production at 4.7 million barrels in 1965. This production 
was to be increased to 7.0 million barrels capacity in 1966. The plant, 
a dry-process operation, was to use blast-furnace slag from the Bierut 
metallurgical plant 9 miles away and limestone from nearby 
Lasosowlec. 

Portugal.—Cement production in 1961 was valued at US$21,863,000. 

Spain.—A US$3.3 million cement plant, with capacity of 2 million 
barrels of clinker from two kilns, was scheduled to begin producing 
in the Galicia region, Province of Lugo, in late 1961. The new 

22 Vestdal, Jon. Iceland Relfes on Sea for New Cement Industry. Pit and Quarry 


v. 53, No. 8, February 1961, pp. 82-89. 91. 
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600,000-barrel Cementos de La Robla plant (planned for eventual 

expansion to 2.4 million barrels) was opened in November 1961 at 

La Robla, Province of Leon.“ Construction was being considered 

by Hijos de Carlos Irazusta, S.A., of a 600,000-barrel plant at An- 

doain, Guipuzcoa Province, on the Oria River, near San Sebastian. 
Sweden.—Capacity and number of kilns were unchanged in 1961. 

5 nearly equaled the 1960 figure of slightly over 1 million 
rrels. 


U. S. S. R. A production goal of 1.38 billion barrels of cement was set 
for 1980.“ Expansion plans included rebuilding 45 plants and con- 
structing 26 new ones, with emphasis on placement of facilities in the 
Kazakh and Uzbek Republics and in Eastern and Western Siberia. 
The national quota for 1962 was set at 334 million barrels; pledges 
from the 85 operating plants exceeded this by 4.4 million barrels. 
Capacities added in 1958, 1959, 1960, and 1961 were 36.9, 30.5, 36.9, 
and 38.1 million barrels, respectively. The U.S.S.R. continued to 
be a net importer of cement in 1960, with imports of 10.0 million bar- 
rels and exports of 2.1 million barrels. 

United Kingdom.—A new kiln at the Southam, Warwicks, plant of 
Rugby Portland Cement Co., Ltd., added 1.1 million barrels to the 
plant's capacity. Solvay Chemicals, Ltd., installed a third kiln at 
its Whitehaven plant, where anhydrite was used to produce sulfuric 
acid and cement as coproducts. Capacity of each kiln was to be in- 
creased 70 percent by early 1962 to 170,000 tons (1 million barrels of 
cement). Manufacture of cement at the Barrington plant of East- 
woods, Ltd., near Cambridge was described.” 


ASIA 


Cambodia.—Plans were readied for construction of the 300,000-barrel 
Chicom cement plant near Chakrei Ting, Kampot Province. Opera- 
tion of the plant was expected to require 331 employees, including 
17 technicians. 

Ceylon.—Subject to Cabinet approval, the Government planned to 
import cement until its own plants could meet demands. Distribu- 
tion and prices were under governmental control. Work was started 
on the railway to Puttalam, where a new cement plant was being 
built. Cement production in 1960 was valued at US$1,778,588. 

India.—The Government issued licenses for expanding 17 existing 
cement plants and for constructing 8 new plants at the following 
locations: Vizianagram, Andhra Pradesh; Cherrapunji, Assam; Ver- 
aval, Gujarat; Kunmoh, Jammu and Kashmir; Drug, Madhya 
Pradesh: Thiruvattiyur, Madras; Rajur, Maharashtra; and Ammas- 
andra, Mysore. Increased cement capacity expected by these addi- 
tions in fiscal years 1961 to 1963 was 20 million barrels. Financing 
was provided for the Ammasandra plant (600,000-barrel capacity) of 
Mysore Cements, Ltd., from private U.S. industry sources and by a 
Joan under the U.S. 5 Trade Development and Assistance 
Act (1954). In West Bengal local shortages were created, as cement 
was shunted to Government construction projects. Cement prices 


* Bureau of Mines. Mineral Trade Notes. V. 54. No. 5, May 1962, p. 8. 

2 Bureau of Mines. Mineral Trades Notes. V. 54, No. 2, February 1962, p. 9. 

s: Cement, Lime and Gravel (London). Cement Manufacture by the Wet Process at 
the Barrington Works of Eastwoods, Ltd. "V. 36, No. 12, December 1962, pp. 347-352. 
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(effective February 20, 1961) were established by the Indian govern- 
ment equivalent to US$3.75 per barrel in bulk and US$4.36 in jute 
bags, f.o.b. destination; State retail prices were set accordingly. 
Sales of cement by metric weights began October 1, 1960. The new 
bag contained 50 kilograms net (110 pounds). 

Israel. Nesher Cement Co. agreed with the Minister of Commerce 
and Industry to add 1.7-million-barrels annual capacity to each of its 
plants, one in Ramleh and the other in Haifa. 

Japan.—Mitsubishi Cement Co. installed a 2-million-barrel kiln— 
the country’s largest—at its Kurosaki plant. Industry cement capac- 
ity was over 165 million barrels at the beginning of 1961, with 20 
companies operating 46 plants.?? Three companies—Nihon Cement 
Co., Onodo Cement Co., and Iwaki Cement Co.—accounted for 48 
percent of all shipments. Only 30 percent of the cement sold was 
transported in bulk. Exports in 1960 totaled 9,570,000 barrels, 12 
percent higher than in 1959; they went mainly to Indochina 
(2,174,000), the Ryukyus (1,289,000), Republic of Korea (1,055,000), 
Hong Kong (920,000), and Singapore (820,000). Shipments to 
Korea in 1961 totaled 624,400 barrels valued at US$2,885,000. White 
cement production in 1961 was 786,000 barrels. 

Korea, Republic of.—T wo existing cement plants were undergoing ex- 
pansion. Plans for 1962 to 1964, submitted to the Supreme Council 
for National Reconstruction by the Korean Businessman’s Associa- 
tion, included construction of new cement plants by Daehan Cement 
Industrial Co. at Yongwal (2 million barrels) and by Central Mill 
Supply Co. at Shihung (1.7 million barrels) ; 1.2 million barrels of 
capacity was to be added to the Oriental cement plant. Gypsum 
and bituminous coal for the Yongwal plant were expected to be sup- 
plied from the United States or Japan. 

Kuwait.—Cement imports declined to 1,616,000 barrels in 1961, com- 
paredwith 2,631,000 in 1960 and 3,850,000 in 1959. The main supplier 
was Japan (54 percent), followed by U.S.S.R. (17 percent), Poland 
(14 percent), and Egypt (11 percent). 

Lebanon.—Societe Libanaise du Ciment Blanc began constructing 
a 400,000-barrel white cement plant at Chekka that would be equipped 
with machinery from France. 

Malaya, Federation of. —Increased construction was expected to spur 
demand for cement. Malaya Cement, Ltd., operated at capacity; its 
two kilns were converted to fuel oil in 1960 after the local colliery 
closed. Another plant, with 150,000-barrel capacity, operated near 
Batu Caves, north of Kuala Lumpur. Imports in 1960 were 332,000 
barrels, and exports were 65,000 barrels. 

Pakistan.—Demand for cement continued to exceed supply in East 
Pakistan, and it was estimated in 1961 at nearly 1.5 milion barrels. 
The 900,000-barrel plant of Assam-Bengal Cement Co., Ltd., at 
Chhatak produced at only 64 percent of capacity mainly because of 
problems in obtaining limestone, which had to be hauled 10 miles by 
ropeway from the quarry in Assam, India. Other deposits, even 
more difficult to mine, were resorted to at Lal Ghat and Takerghat 


S Bureau of Mines. Mineral Trade Notes. V. 54, No. 1, Janu 1962, pp. 27, 28. 
9 Bureau of Mines. Mineral Trade Notes. V. 54, No. 2, February 1962, pp. 3 9. 
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near Sunamganj. Expected demand in East Pakistan by 1965 was 
2.3 million barrels and by 1970, 3.2 million barrels. West Pakistan, 
with six plants having total capacity of 7.5 million barrels, produced an 
excess of 17 percent over the estimated demand. Requirements were 
expected to rise to about 15 million barrels by 1970. Construction 
began on the 2.5-million-barrel plant of Ismail Cement Industries, 
Ltd., at Gharibwal, financed by the International Monetary Fund. 
German funds were to go into new 1-million-barrel plants at Mang- 
hopir, near Karachi, and at Hattar, near Rawalpindi. A 400,000- 
barrel plant was planned for Chittagong. 

Philippines. —Excess cement capacity was discussed and increased use 
of cement over other materials for road construction was suggested 
as an economic solution 29 More concrete highways were urged by 
the Philippine President, Carlos Garcia, in a major address and by 
the Cement Institute of the Philippines. Initial operation of the 
1-million-barrel Iligan City 7 of Mindanao Portland Cement Co., 
built by a Florida-based U. S. company on the Island of Mindanao, 
was scheduled for December 1961. Equipment for the 800,000-barrel 
Mindoro plant of San Jose Cement Corp. was obtained from Japan 
as part of the war reparations agreement. 

Saudi Arabia —The 900, 000-barrel capacity Jidda plant of Arabian 
Cement Co., Ltd., produced only 615,000 barrels in 1961, as deteriora- 
tion of magnesia brick kiln linings (thought due to flexing of the 
steel shell) interrupted production. Excavation was found to be 
cheaper using rippers on coral limestone rather than blasting. The 
country’s second plant, with a capacity of 600,000 barrels, was com- 
pee in October at Hofuf. A German-equipped plant was planned 

y Saudi Yamamah Cement Co. at Riyadh. 

Singapore.—A 1-million-barrel plant was under construction in 
Singapore Harbor by a combine of Onodo Cement Co., Mitsui and 
Co., Ltd. (Japan), and Hong Leong Co., Ltd. (Singapore). 

Taiwan.—Capacity of the Taiwan cement industry was expected to 
reach 9.4 million barrels by 1962, and demand was expected to reach 
13.5 million barrels by 1968, as large new hydroelectric projects such 
as the Shimen and Tachia Dams, irrigation, and other construction 
encouraged further expansion. Exports were 676,000 barrels in 1959, 
but it was necessary to import nearly 120,000 barrels of cement from 
Japan in 1960, owing to temporary short supply. Wholesale prices 
of cement at Taipei averaged $2.85 per barrel in 1960. Of 32,000 
tons of gypsum used by the industry in 1959, 17,000 tons was im- 
ported.* Plants and current production capacities were listed, with 
a breakdown by types as follows, in thousand barrels: Portland ce- 
Coe masonry, 1,231; fly-ash (pozzolan), 1,113; and white, 

72. 

United Arab Republic (Syria Region).—The $2.2-million Homs cement 
plant, constructed with East German assistance, began operating in 
1960. A contract was signed in March 1961 with & Copenhagen 1110 
to construct a similar-size 500, 000-barrel plant at Hama. The coun- 


* Mining Newsletter | iia Warn on Cement Overproduction. V. 12, No. 1, 
September—October, 1960, p. 46. 
Bureau of Mines, Mineral Trade Notes. V. 53, No. 3, September 1961, pp: 6, 7. 
e Keshen, Albert 8. Taiwan Cement Producers Forge Ahead. Rock Products, v. 64, 
No. 5, May 1961, pp. 172, 174, 176. 
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try’s Five Year Economic and Social Development Plan aimed at 
4.1 million barrels yearly production by 1965. Production in 1960 
was valued at US$11,242,000. 

Viet-Nam.—Construction was started on a plant to supply 1.4 million 
barrels of cement clinker to a grinding plant, which would be situ- 
ated near Ha Tien, southwest Viet-Nam. Imports in 1960 totaled 
1,789,000 barrels; 92.4 percent came from Japan, and the remainder 
came from Taiwan, France, India, and Belgium-Luxembourg. 


AFRICA 


Ethiopia.—A]l cement production came from the Government's Im- 
perial Ethiopian Cement Co. plant at Dire Dawa. Ingra, a Yugo- 
slavian State enterprise, was to provide funds for a new cement plant 
near Addis Ababa, and it signed an agreement with the Ethiopian 
government to make preliminary studies for a plant at Massawa. 

Ghana.—The Government announced a joint project with Associated 
Portland Cement Manufacturers, Ltd., United Kingdom, to build a 
600,000-barrel, clinker-producing plant at the Banyere limestone de- 
posit west of Takoradi and a grinding plant of twice that capacity 
at Takoradi. Clinker was to be transported to the grinding plant 
via the Tano River; excess capacity of the grinding plant was to be 
used to grind imported clinker. 

Guinea.—Imports in 1960, mainly from Soviet bloc countries, totaled 
873,000 barrels of cement valued at US$1,117,400.** 

Kenya.—The Bumburi plant of British Standard Portland Cement 
Co., Ltd., several miles north of Mombasa, supplied nearly all of 
Tanganyika's cement requirements and exported to Mauritius, Re- 
union, Malagasy Republic, Mogadishu, Berbera, Aden Protectorate, 
and Persian Gulf ports. The company’s newly converted bulk cement 
ship, Southern Baobob, was scheduled to deliver 650,000 barrels annu- 
ally, 60 percent to Dar es Salaam and the rest to Mauritius.“ 

agasy Republic.—Raw material supply and other factors, except 
electric power, were found favorable for establishment of a 600,000- 
barrel cement plant in the Antisirabe area. 

Mozambique.—A pplication was filed with the Provincial Govern- 
ment by a local group to establish a new plant at Lourenco Marques. 
Two operating plants, one at Lourenco Marques and the other at 
Beira, were owned by Companhia de Cimentos de Mocambique. Of 
the 1959 production, 40 percent was from the Beira plant. 

Nigeria.—Sales of cement were 4,207,000 barrels in 1960. Of this 
q 3,159,000 barrels was imported; the remainder was pro- 

uced at the Nkalagu plant in Eastern Nigeria. A review before 
starting feasibility studies to be carried out in the Northern Region 
indicated sufficient market potential for establishing a 1 million- 
barrel cement plant. Lokoja, at the confluence of the Niger and 
Benue Rivers, where limestone deposits were proven, was suggested 
as a plant site.“ 


32 Bureau of Mines. Mineral Trade Notes. V. 54, No. 2, February 1962, p. 8. 

* Pit and Quarry. Cement from Mombasa Shipped by Self-Loader-Unloader. V. 54, 
No. 8, September 1961, Pp; 108-107. 

35 Foreign Commerce Weekly. Cement Production Studied in Nigeria. V. 64, No. 18, 
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Sudan.—Imported clinker amounting to 132,000 barrels supple- 
mented production of the Atbara Cement Factory. 

United Arab Republic (Egypt).—The cement industry’s capacity was 
14 million barrels in 1961. Exports in 1961 were 3,223,000 barrels 
(preliminary figure), down from 3,809,000 barrels in 1960, mainly 
because of less construction in Kuwait. 


OCEANIA 


Australia.—A report was issued describing operations of the Ade- 
laide Cement Co., Ltd., plant at Birkenhead, South Australia. Lime- 
stone for the 1.2-million-barre] plant was supplied by ship from 
Klein’s Point quarry, 40 miles distant, and unloaded by a unique 
twin-screw-fed bucket elevator, lowered into the hold. Coral was 
dredged from deposits in the Mud Island area, Moreton Bay, near 
Brisbane: to supply requirements of the Queensland Cement and 
Lime Co., plant at Darra, Queensland. Expansion was scheduled to 
increase the company's capacity from 1.8 to 3.0 million barrels in 
1961." In Tasmania, Goliath Portland Cement Co., Ltd., planned a 
25-percent expansion from 900,000 barrels. The plant’s limestone 
came from Northwestern Tasmania deposits. 


TECHNOLOGY 


Automation of cement plants drew increasing attention during the 
year. A number of technical reports 3 instrumentation and 
other features of automatic control. Subjects of papers given at the 
third annual Cement Industry Conference of the American Institute 
of Electrical Engineers, held in April 1961 at FOIS included basic 
concepts of automation, recommended practices, X-ray chemical 
control, use of a computer by one company, and centralized control. * 

Centralized control of production was said to produce a better and 
more uniform quality cement. Future possibilities were seen for con- 
trol from a single location of à number of plants operating through- 
out the United States. 

Raw mix requirements were determined by computer at the Oro 
Grande, Calif., plant of Riverside Cement Co., and information was 
logged in preparation for trial use of the computer to control kiln 
operations. The Mohave, Calif., plant of California Portland Cement 

o., utilized analog-loop control systems to regulate kiln draft and 
fuel flow for optimum ratios of air-to-fuel.” 

Data processing equipment installed at the Dundee, Mich., plant 
of Dundee Cement Co. supplied a variety of information on produc- 
tion, sales, maintenance costs, inventorles, accounting and payroll. 
Use of punchcards for inventories and a system of self-servicing by 


s Schroeder, B. W. Cement Manufacture in Adelaide. Min. and Chem. Eng. Review 
( Melbourne), v. 53, No. 3, Dec, 15, 1960, pp. 50-54. 

w South African Mining and Engineering Journal (Johannesburg). Cement from Coral. 
V. 72, Part 2, No. 3577, Aug. 25, 1961, p. 485. 

399 Trauffer, Walter E. Automation Featured at A I. E. B. Cement Industry Technical 
Conference. Pit and Quarry, v. 53, No. 12, June 1981, pp. 98-101, 104. 

Rock Products. Electrical Engineers Probe Cement Industry Problems. V. 64, No. 6, 
June 1961, pp. 132,134. 

» Patterson. R. G. Instrumentation and Automation of Plant Operation. Min. Cong. 
J., v. 41, No. 5, May 1961, pp. 42-45. 
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suppliers resulted in reduced spare-parts stocks with subsequent 
Savings. 

Ax article discussed nuclear gages and their application in cement 
lants for controlling slurry density, clinker cooler levels, and kiln 
eed. Use of X-rays for chemical control and process investi- 

gations was discussed.* 

Investigative work on hydration of cements embraced the follow- 
ing subjects: A study of reaction products; * measurement of free 
water by nuclear resonance; ** differential thermal analysis; ex- 
amination of colloidal products by electron miscroscope; ** and meas- 
urement of heat of hydration." Effects of mixing and other factors on 
. of bubbles in air-entrained cement pastes were investi- 
gated.“ 

A report summarized results of past investigations on variations 
in strength- producing qualities of portland cement. Cements from 
different sources were found to 1 greatly differing strengths.** 
In discussion of this report it was theorized that better blending while 
manufacturing and storing cement would do much to improve 
uniformity.* 

The National Bureau of Standards published a report pointing to 
a number of possible sources of error in chemical analyses and phys- 
ical tests of portland cement. A paper reviewing the status of avail- 
able information on quick and false set of portland cement was pub- 
lished.’ Specifications for cement in 42 countries were compiled 
in a Swedish publication.“ 

Phase transformations of dicalcium silicate were studied. Small 
additions of various oxides were made, and samples were heated above 
and below the inversion temperature. After cooling, a modified form 
of silicate was present with some oxides but not with others.“ 


* Dersnah, W. R. How Do Big Plants Work Out? Pit and Quarry, v. 54, No. 1, 
July 1961, pp. 162-180. 

Othmar, Philip E. How to Employ Nuclear Gauges. Nonmet. Min. Proc., v. 2, 
No. 3, March 1961, pp. 28-29. 

@ Kester, Bruce E. Here's How to Use the X-ray Spectrograph. Rock Products, v. 64, 
No. 3, March 1961, pp. 90-94, 138, 140. 

Loranger, W. F. On-Line X-ray Analysis. Nonmet. Min. Proc., v. 2, No. 7, July 1961, 

p. 15-16. 
f 4 Powers, T. C. Some Physical Aspects of the Hydration of Portland Cement. J. PCA 
Res. and Dev. Lab., v. 3, No. 1, 1961, pp. 47-56. 

4 Watanabe, K., and T. Sasaki. [Investigation of the Hydration of Cement by Measur- 
ing the Nuclear Magnetic Resonance]. Zement-Knlk-Gyps. v. 50, No. 3, 1961, pp. 101-105; 
Building Science Abs. (London), v. 34, No. 9, September 1961, p. 261. 

“ Proks, J., and V. Siske. [A Study of the Course of Hydration of Cement by Means 
of DTA.] Silikaty, v. 5, No. 3, 1961, pp. 229-233; Building Science Abs., v. 34, No. 12, 
December 1961, p. 387. 

10 Czernin. W. [Electron Microscopy of Hardening Cement.] Schweiz. Arch. Angew. 
We v. 26, No. 5, 1960, pp. 185-191; Building Science Abs., v. 34, No. 4, April 1961, 
p. 103. 

* Ginsburg, Ts. G., V. V. Kind, and R. E. Litvinova. [Some Questions in Connection 
with the Evolution of Heat During the Hardening of Cement.) Tsement, v. 26, No. 4, 
1961, pp. 11-15: Building Science Abs., v. 34, No. 10, October 1961, p. 293. 

4 Bruere, G. M. Relative Importance of Various Physical and Chemical Factors on 
Bubble Characteristics in Cement Pastes. Australian J. Appl. Scl, v. 12, No. 1, 1961. 

* Gaynor, Richard D. Studies of Variations in Portland Cement. Paper pres. 31st Ann, 
Conv. of the Nat. Ready Mixed Concrete Assoc., Minmi Beach, Fla., January 1961, 7 pp. 

% Rockwood, Nathan C. More About Nonuniformity in Cements. Rock Products, v. 64, 
No. 7, July 1961, pp. 22, 119-121. 

8 Benn, B. Leonard, and John R. Dice. Causes of Variation in Chemical Analyses and 
Physical Testa of Portland Cement. Monograph 28, 1961, 24 pp. 
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A number of previously published Japanese papers on cement and 
concrete were reviewed, and the results were summarized.’ 

Depth of water penetration into clinker grains of different cements 
wasinvestigated. Penetration was found to be greater for type I than 
type V cement and for cements having higher tricalcium aluminate 
content, larger proportion of fine particles, or smaller percentages of 
potassium sulfate. 

American and European cement-making processes were compared. 
It was estimated that the American industry required 45 percent more 
fuel, 57 percent less labor, and 48 percent more power than the Euro- 
pean industry.“ 

Complex geologic conditions at the Hudson Cement Co. quarry in 
New York were evaluated, and results were applied to control of raw 
material grade.  Mineralogy of a sequence of limestones important 
to the cement industry in the Lehigh Valley, Pa., was studied.“ 

Kiln Feed.—Control of pelletizing rates to provide an even supply 
of feed to the kiln is a difficult problem. In a newly patented design, 
the flows of water and raw mix into the pelletizer were regulated 
according to the kiln speed.9? 

Slurries.—Characteristics of raw cement slurries were discussed, and 
caleulations were shown for determination of optimum pipeline diame- 
ters and pump horsepower required for various pulp densities.*! 

A Japanese wet-process cement plant utilized waste sulfite liquor 
from a pulpmill to lower the viscosity and water content of the slurry. 
Use of the waste from the pulpmill helped solve a difficult disposal 

roblem. "Tests showed that Sm water content of the slurry could 

e lowered 2 percent by adding 1.5 percent of wasteliquor. In prac- 
tice, moisture was reduced about 3.7 percent. Advantages were less 
heat and power consumed, increased raw mill output, less dust, and 
formation of harder nodules during calcination.*? 

With the use of complex phosphate dispersants to thin cement plant 
slurries, the problem arose of checking the amount present in the mix- 
ture. A rapid colorimetric method was devised whereby the percent- 
age of phosphorus pentoxide was determined and converted to the 
equivalent percentage of compound added.“ 

EE fuel economy was claimed for a process in which water 
was removed from slurry feed until the feed reached a puttylike con- 


5 Rockwood, Nathan C. Japanese Research in Cement and Concrete is Practical, 
Rock Products, v. 64, No. 2, February 1961, pp. 122-130. 

——————. ere M Cement and Conerete Research. Rock Products, v. 64, No. 8, 
March 1961, pp. 16, 130, 138. 

5$ Steinherz, A. R. (Penetration of Water Inside Clinker Grains.) Rev. Mat. Constr., 
C., No. 536, 1960, pp. 119-125; Building Sct. Abs., v. 34, No. 6, June 1961, p. 164. 

* Voldbaek, Erik. Cement Manufacturing Processes—European Versus American. 
Paper. 13 in Metal Min. and Ind. Miner. Conv. Am. Min. Cong., Seattle, Wash., 
ept. ` . 

k Dunn, James R. Geologic Studies Play Major Role at Hudson Cement Co.’s Quarry. 
Min. Eng., v. 13, No. 11, November 1961, pp. 1243-1245. 

* Ray, S., and H. R. Fault. Mineralogy of Jacksonburgh (Middle Ordovician) Forma- 
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e Ushiro, Eitaro, and Tsuyoshi Yano. Cement Mill Profits from Paper Mill Waste. Rock 
Products, v. 64, No. 9, SPICE 1961, pp. 156-142. 

* Chess, W. B., D. N. Bernhart, and R. Gates. Do You Add Phosphates to Your 
Slurries? Rock Products, v. 64, No. 10, October 1961, pp. 120, 122. 
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sistency ; the feed then was extruded in strands onto a traveling grate 
and sintered. 

A novel use of filter presses in a British plant was described.“ 
Slurry was successfully dewatered in an intermittent filtering pro- 
cedure that removed 18 to 19 percent of the moisture. This percent- 
age was said to compare reasonably well with amounts normally 
removed by vacuum filters. 

Grinding.—Actual power consumption was compared to that theo- 
retically required for raw mix and clinker grinding circuits in 
nine plants. Theoretical requirements were calculated from basic 
mill data and grindability tests. Results compared favorably for 
small- and medium-size ball-mills. However, less than the calculated 
power was needed to drive the new large-diameter mills and for race 
and roller mills, thus indicating exceptional grinding efficiency for 
these types. 

Investigation of high steel losses in wet grinding raw cement mills 
indicated that corrosion was an important factor. Losses were re- 
duced by adding precipitated kiln dust to the circuit to raise the pH 
of the slurry.* 

A design providing for closer control of feed imput to raw mix and 
clinker grinding mills was patented.* 

Preheaters.—À new British cement plant, at Plymstock, Davon 
xir ds the Humboldt suspension type preheater process develo 
in Germany. In this process the ground raw material feeds down- 
ward into the kiln through a series of cyclones against the flow of hot 
off-gases. Plant operations were described.“ 

Various types of prehestere and their characteristics were discussed 
along with methods of heat exchange and improvements in fuel utili- 
zation.'^ Comparison of the different systems was said to be difficult 
because of the variations in raw materials, fuels, and general arrange- 
ments of equipment. 

A design was patented for an improved preheater with a compart- 
mented chamber containing an assembly of fixed and movable grates.” 

Calcination.—Several patents were issued dealing with the manu- 
facture of cement by the fluidized-bed process. These covered the 
method of processing,” a design for avoiding formation of large 
clinker balls,“ and control of particle size.“ 


el Qleskieng, D. H. (assigned to Allis-Chalmers Manufacturing Co.). Wet Process for 
Making Cement and Appuratus for Use Therewith. U.S. Pat. 2.998.687, July 25, 1961. 

€ Pit and Quarry. esign of British Filtration Unit Proves Its Worth in Operation. 
V. 54, No. 2. August 1961, pp. 40, 42. 

* Smith, Ross W. Determination of Power Consumption of Grinding Mills in Cement 
Plants. Min. Eng., v. 13, No. 4, April 1961, pp. 390-392. 

* Anderlinl, Vincenza, and . E. Vivian. et Mëtte of Steel Corrosion tn Wet 
Grinding Milla. Australian J. Appl. Bei, v. 12, No. 1, 1961, pp. 87-85; Building Sei. Abs., 
v. 34, No. 9 September 1981, p. 260. 

e Herz. J. H. (nssigned to California Portland Cement Co.). Cement Raw Mix and 
Clinker Grinding Mill Control System. U.S. Pat. 3,011,720, Dec. 5, 1961. 

e Cement, Lime and Gravel (London). The First All-Dry Cement Plant in Great 
Britain. V. 38, No. 11, November 1981, pp 313-317. 

"T Tonry, J. Richard. Heat Transfer Systems for Dry-Process Kilns in Cement Manu- 
facturing. Pit and Quarry, pt. I, v. 64, No. 1, July 1961, pp. 151-154; pt. II, y. 54, No. 2, 
August 9 113-116, 120-122. 

"f Kavatz, K. H. (assigned to Fuller Co.). Gas-Solids Heat Exchanger. U.S. Pat, 
3,010.215, Nov. 28, 1961. 

13 Pyzel, R. (nssigned to Union Commerce Bank, Ohio). Hydraulic Cement Process. 
U.S. Pat. 3,013,786, Dec. 19, 1961. 

T Pyzel, R. (assigned to Kee Inc., New York). Apparatus for Cement 
Manufacture. U.S. Pat. 2,977,105, Mar. 28, 1981. 

14 Pyzel, R. Particle Size Cortrol. U.S. Pat. 2,981,531, Apr. 25, 1961. 
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Constant-speed kiln rotation was considered the first essential to 
acquiring stability in the manufacture of portland cement.“ A 
theory was advanced that yet-undetected silicide compounds of silica 
and alkali metals might form under certain conditions as calcination 


progress in cement kilns.?* 
or maximum thermal efficiency in wet rotary-kiln operation, 
importance was placed on the proper division of preheating and de- 


oxidizing 2z0nes.“ 
Selection of guns and shells for greatest economy in shooting down 
clinker rings in rotary kilns was discussed.” improved ring- 


shaped sealing connection allowing a wide gap for expansion between 
a rotary cement kiln and the stationary flue structure was patented.” 

Coolers.—Patents were issued on a clinker-cooling conveyor mecha- 
nism that imparts a lifting and tossing motion, a tower-type cooler 
with heat-conductive walls sprayed by water jets, i and a method by 
which clinker was cooled by adding cool solid balls before grinding.“ 

Vertical Kilns.—Improvements, especially in fuel consumption and 
cement quality, in Garman cement manufacture and in high-duty 
shaft kilns were discussed. One thousand barrels Le day was said 
to be adequate production for the vertical kiln.* Formation of cal- 
cium carbide was reported at higher-than-normal operating tempera- 
tures in a vertical kiln, but this formation was said to be impossible 
in the rotary type.** 

Clinker Grinding.—Patents were issued for a sifting apparatus to 
separate both coarse and fine particles before finish-grinding,“ a 
method for grinding that was said to increase ballmill capacity,* and 
modification of ballmill ring elements to direct larger balls toward the 
mill entrance and small ones toward the outlet.“ 

Dust Control. Comparison of electrostatic and glass baghouse dust 
collectors was made, and considerable operational savings were shown 
for the electrical method.* Potential for ultrasonic dust precipita- 


75 Derrom, Donald L. Safaris in Cement: III, How “Equilibrium” Solves Kiln Prob- 
lems. Rock Products, v. 64, No. 1, January 1961, p. 114. 
7% Rockwood, Nathan C. Something About the Chemistry of Cement. Rock Products, 
v. 84, No. 9, September 1961, pp. 24, 142, 145. 
7 Eigen, H. (Explanation of the Thermal Operation of the Wet Rotary Cement Kiln]. 
races WT ES No. 2, 1961, pp. 529-535; Building Sci. Abs., v. 84, No. 9, September 
. D. : 
* Davis, William G. Shooting Down Rotary Kiln Buildups. Nonmet. Min. Proc., v. 2, 
No. 8, August 1961, pp. 21-22. 
Deussner, H. (assigned to Klockner-Humboldt-Deuts, A: Rotary Kiln, Partic- 
ut s for the Burning of Cement Raw Material. U.S. Pat. 3,012,765, Dec. 12, 1961. 
*Tranbo, L. C. Material Handling and Cooling Conveyor. U.S. Pat. 2,081,269, 


& Nielsen, P. B. (assigned to F. L. Smidth & Co.). Apparatus for Cooling Finely 
Divided Material. U.S. Pat. 3,002.289, Oct. 8, 1961. 

es Mitchell, D. W. (assigned to The Oil Shale Corp., California). Cooling of Cement 
Clinker. U.S. Pat. 8,003,757 Oct. 10, 1961. 

e Bellwinkel, A. (Develo ment Trends in the Construction of Cement-Makin ante. 
Zement-Kalk-Gyps, v. 14, No. 2, 1961, pp. 41-56; Building Sci. Abs., v. 34, No. 10, 
October 1961, p. 291. 

“Mall, G. [Calcium Carbide in Cement]. Zement-Kalk-Gyps, v. 50, No. 6, 1961, 
pp. 254-257; Bullding Sci. Abs., v. 34, No. 12, December 1961, pp. 855-356. 

es Claes, G. (assigned to Firma Gebr. Hischmann, Maschinenfabrik). Apparatus for 
Hard Disintegrating and Sifting. U.S. Pat. 2,980,347, Apr. 18, 1961. 

ss Weston, D. jae ned to Fred H. Jowsey, Toronto, Canada). Grinding. U.S. Pat. 
8,008,656, Nov. 14, 1961. 

e Falla, F. Classifying Liner for Ballmills. U.S. Pat. 2.967.671. Jan. 10. 1961. 

= Plass, Robert J. Comparison of Electrostatic Precipitator and Glass Baghouse Col- 
lectors. Nonmet. Min. Proc., v. 2, No. 2, February 1961, pp. 21-24. 


428 MINERALS YEARBOOK, 1961 


tion in the cement industry was suggested ; p as small as .001 
micron, escaping from other collectors, could be trapped.“ Potassium 
in flue dust was recovered as a sulfate from a water solution by 
heating, filtering, and precipitating with sulfuric acid.*? 

Additives—An automatic control system for additives in cement 
grinding mills was described. Cooling water, grinding aids, and 
air-entraining agents were introduced through spray nozzles, and 
liquid flow rates were varied in accordance with millfeed *! by means 
of an electrical proportioning method. False set of cement was in- 
hibited by admixture of a small percentage of N-methyl tauride of 
either tall oil or sulfonated oleic acid. Moisture-resistant portland 
cement was made by grinding clinker with a small percentage of 
oleic acid and tri-n-buty 5 or similar compound.“ 

Portland Blast-Furnace Slag Cements.—Results were summarized of 
several years’ studies by the U.S. Bureau of Public Roads comparing 
properties of air-entrained concretes made with portland blast-furnace 
slag cement with similar concretes using ordinary portland cement. 
Slag cement concrete had lower early strength but higher ultimate 
strength and showed greater durability in freeze-thaw tests. Con- 
tent of slag was considered beneficial for controlling the alkali-aggre- 

ate reaction.“ Manufacture of slag cement was an important 
industry in Belgium. A review of problems of quality control and 
construction uses in that country was published.* 

Structural units said to be highly resistant to fire, and radiation 
were made from a mixture of 4 parts of blast-furnace slag and 1 
e of portland cement, with a minor quantity of calcium chloride.“ 

etting of a blast-furnace slag cement was accelerated by adding 
basic magnesium carbonate.” 

High-Alumina Cements.—Performance of concretes made from sev- 
eral types of pu and calcium aluminate cements was compared 
after cyclical heating to temperatures of 800° F and above. Portland 
cement specimens fractured badly. Expansion was said to be caused 
by re-hydration of calcium oxide formed when heated. Satisfactory 
strengths were retained by specimens made from calcium aluminate 
cements.? A barium aluminate cement was said to have better re- 
fractory properties than calcium aluminate types.“ A patented 


% Rock Products. What's Happening; Ultrasonic Housekeeping. V. 64, No. 9, Sep- 
tember 1261P: 14. 

e Patzias, T. Method of Recovering Potassium Sulphate from Cement Kiln Flue Dust. 
U.S. Pat. 2,991,154, July 4, 1961. 

t Ludwig, Norman C., and L. M. O'Hara. How to Get Better Additives Control for 
Finish Mills. Rock Products, v. 64, No. 7, July 1961, pp. 102-104, 106, 108, 

$2 Copes, J. P., and R. L. Mayhew (assigned to General Aniline & Film Corp.). Inhi- 
bition of False Set in Portland Cement. U.S. Pat. 3,000,746, Sept. 19, 1961. 

8 Stoll, U. W. (assigned to U.S. Government, Secretary of the Navy). Hydrophobic 
Portland Cement. U.S. Pat. 2.996, 394. Aug. 15, 1961. 

% Grieb, William E., and George Werner. Final Report of Tests of Concrete Containin 
Portland Blast-Furnace Slag Cement. Public Roads, U.S. Dept. of Commerce, v. 31, 
No. 9, August 1961, pp. 183-193. 

*% Blondiau, L. [Quality and Application of Belgian Blastfurnace Cement]. Silicates 
ind., v. 25, No. 12, po, 049-550: V. 26, No. 1, pp. 32-39; No. 2, pp. 93-98; No. 3, pp. 141- 
145; No. 4, pp. 201-206; Building Sci. Abs., v. 34, No. 12, December 1961, p. 856. 

e Stocker, R. Concrete Structure. U.S. Pat, 3,022,843, Oct. 3, 1961. 

* Ulfstedt, Leo T., Endel Wijard, Anders G. Wastesson, and Karl A. Jörgensen (assigned 
to Caslus Corp., Ltd.). Method of Accelerating the Setting of Hydraulic Binders, Us. 
Pat. 2.987.407, June 6, 1961. 

*% Livovich, A. F. Portland Vs. Calcium Aluminate Cements in Cyclic Heating Tests. 
Am. Ceram. Soc. Bull., v. 40, No. 9, Sept. 15, 1961, pp. 559-562, 

„ Braniski, A. Highly Refractory Concrete Containing Barium Aluminate Cement. 
Tonind.-Ztg. u. Keram. Rundschau. v. 85, No. 6, 1961, pp. 129-135; J. Am. Ceram. Soc 
Ceram. Abs., v. 44, No. 10, Oct. 1, 1961, p. 233. 
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device for tapping molten alumina cement from a rotating kiln 
closed the taphole between turns.* 

Special Concretes.—Tests were made of 97 samples of material from 
74 sources for possible use in pozzolan concrete on the Glen Canyon 
Dam project before deciding upon pumice from deposits near Flag- 
staff, Ariz? Compositions for pozzolans derived from several 
ash fractions were patented. Concrete containing vermiculite wit 
a cement-to-aggregate ratio of 1:8 by volume showed favorable 
energy-absorption characteristics for use in protection of under- 
ground structure from impact damage. The large amount of en- 
nappes air was held chiefly responsible for the cushioning effect of 
the mix. 

Latex-modified cement mortar was applied to the deteriorated sur- 
face of a concrete bridge deck. Satisfactory repair was accomplished 
by a 15-inch layer of mortar. The ratio was 314 gallons of latex to 
282 pounds of sand and 1 bag of portland cement.* 

Factors that caused thermal and other stresses in a concrete nuclear 
reactor shield were investigated, and distribution of moisture content 
in the concrete was found to be highly important. Based on informa- 
tion obtained, it was possible to establish the type and characteristics 
of concrete most suitable for reactor shielding. A concrete mixture 
for neutron-shielding consisted of 30 to 60 percent barite, 15 to 45 
percent cement, and the remainder water SER unspecified aggregate.” 

Soil-Cement.—Experimental work on strengthening effects of various 
chemical additives for possible use in soil-cement mixtures 
was reviewed. Responses to treatment varied considerably depending 
on type of soil. Some compounds added in concentrations of 1 percent 

uced strengths equivalent to a 10-percent cement mixture with 
only one-half that amount present. Problems of maintaining proper 
moisture content while laying a soil-cement road in Lagos, Nigeria, 
were told.? 


! Boehler, R . (assignen to U.S. Steel Corp.). Apparatus and Method for Tapping 
Molten Material from a Rotary Kiln. U.S. Pat. 2.983,501, May 9, 1961. 

2 Grindrod, J. Aggregates, Sand, and Cement for the World’s Largest Dam Contract. 
Cement, Lime and Gravel, v. 36. No. 12, December 1961, pp. 355, 356. 

* Minnick. Leonard J. (assigned to G. W. H. Corson, Inc.). High Density Fly Ash 
A di Pat. 2,987,406, June 6, 1961; Pozzolaule Material. U.S. Pat. 2,987,406, 
une 6, F 

* Corington, C. Dynamic Energy-Absorbing Characteristics of Lightweight Vermiculite 
Concrete. Defense Atomic Support Agency No. 1238, Structural Mechanics Res. Lab., 
Univ. of Texas, Balcones Res. Center, Austin, Tex., June 1961, 44 pp. 
3 iy tee News-Record. Latex Modified Portland Cement. V. 167, No. 10, Sept. 7, 

» DD. . 

Thorne, C. P. Concrete Properties Relevant to Reactor Shielding. J. Am. Conc. 
Inst., v. 82, No. 11, May 1961, pp. 1491-1508. 

7 Borst, Lyle B. (assigned to U.S. Atomic Energy Commission). Neutronic Reactor 
Shielding. U.S. Pat. 2,992,175, July 11, 1961. 

8 Cement, Lime and Gravel. Recent American Developments in the Stabilization of 
Soils with Cement and Lime. V. 36, No. 9, September 1961, pp. 263-265. 

* Johnston, C. M. The Design and Construction of a Soll-Cement Pavement. Cement, 
Lime and Gravel, v. 36, No. 11, November 1961, pp. 327-330. 


Chromium 


By Andrew S. Prokopovitsh* and Hilda V. Heidrich ? 


A 


HE ESTIMATED value of chromite concentrate produced in 
Tite United States in 1961 exceeded $2.9 million. e chromite 

was delivered to the Federal Government, thereby completing 
the contract entered into in 1952 for delivery of 900,000 short tons 
of chromite concentrate. 

World chromite production declined 6 percent, principally because 
of decreased output by five of the seven producing countries in Asia. 


TABLE 1.—Salient chromite statistics 
(Thousand short tons and thousand dollars) 


———— — | ————————— | ———————— | ma —äZ——ẽ 


United States: 


Production (shipments) 1 82 
il E EPSA Ew R E 3 $, 939 
Imports for consumption.............- 1, 323 
RT GEN 10 
Consumption...........-..---.------- 1, 200 
Stocks Dec. 31: Consumer 1,633 
World: Production 4, 655 


1 Produced for Federal Government only. 
3 Estimate by Bureau of Mines, 
3 Revised figure, 


LEGISLATION AND GOVERNMENT PROGRAMS 


A plan to dispose of 1,890 tons of subspecification grade chromite 
in the strategic stockpile was submitted to Congress by the General 
Services Administration (GSA) pursuant to the provisions of section 
3(e) of the Strategic and Critical Materials Stock Piling Act, 50 
U.S.C. 98 b(e). GSA proposed to transfer the chromite ore to other 
Government agencies, or to offer the material for sale on a compet- 
itive basis or otherwise to dispose of it in the best interest of the 
Government upon the express approval by the Congress. ‘The plan 
and the dates of disposition were fixed with necessary protection for 
producers, processors, and consumers against avoidable disruption 
of their usual markets.’ 


Commodity specialist, Division of Minerale. 
2 Statistical assistant, Division of Minerals. 
? Federal Register. Chromite Ore Held in National Stockpile. Oct. 18, 1961, p. 9793. 
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In 1961 GSA accepted a bid for the sale of 35,200 tons of chromite- 
bearing materials. The materials included domestic low-grade metal- 
lurgical chromite ore, concentrates, nodules, and briquets stored in 
Alaska, Montana, Nevada, and Oregon. Ferrochromium alloys 
consisted of ferrochromium, ferrochromium-silicon, ferrosilicon chro- 
mium, and manganese ferrochromium located in Indiana.* 

Chromite was eligible for acquisition under the agricultural barter 
program administered by the U.S. Department of Agriculture, 
Commodity Credit Corporation. Government financial assistance 
for exploring domestic chromite deposits was available upon approval 
by the Office of Minerals Exploration. 


DOMESTIC PRODUCTION 


All domestic production of chromite during 1961 was from the 
Mouat mine of American Chrome Co. in Montana. This firm 
shipped 82,260 short tons of chromite concentrate, valued at about 
$2,939,000, under a contract with the U.S. Government, and pro- 
duced an additional quantity of concentrate that was used in its 
ferrochromium smelter. The quantity of concentrate shipped to a 
Government stockpile completed the firm’s contract (entered into 
in 1952) for delivery of 900,000 short tons of chromite concentrate 
containing a minimum of 38.5 percent chromic oxide (Cr,Q3). 

At yearend the company was closing all of its Montana operations, 
including the ferrochromium smelter. However, American Chrome 
Co. was planning to build a new $7 million, 100-ton-a-day ferrochrome 
smelter in Butte, Mont., to employ about 400 people. 

Stockholders of Goldfield Consolidated Mines Co. approved a 
merger with American Chrome Co. and changing the firm's name to 
Goldfield Corp. The company adopted plans to diversify and to 
improve mining and refining facilities. 

H. K. Porter Co., Inc., put into operation its new refractory plant 
at Pascagoula, Miss., for making bricks and refractory specialties 
from Philippine chrome ores. 


TABLE 2.—Chromite production (mine shipments) in the United States, by States 


1960 1961 
1957 1958 . tt 
(short (short (short 
State tons, tons, tons, | Shipments} Value | Shipments] Value 
gross gross gross (short (thou- (short (thou- 
weight) | weight) | weight) | tons, gross | sands) | tons, gross | sands) 
weight) weight) 
O A A E 7 AAA A A A ͤ ͤ AA 
Culifornla.................. 34, 901 20, 5 F/ fM IA, Etpe 
MONTADA. EEN 119,149 | 119,057 | 2 105, 000 2 107,000 | 1$3,813 2 82, 000 3 $2, 039 
Oregon 7, 900 „„ . f EEN 
Washington II/! d ³· A 
Foil! 166,157 | 143,795 | ? 105, 000 2 107, 000 33, 513 3 82, 000 3 2, 939 


! Small quantity produced; Bureau of Mines not at liberty to publish, 
a p nh excludes quantity consumed by American Chrome Co, 
stimate, 


4 General Services Administration News Release No, 1526, Oct. 12, 1961, 1 p. 
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CONSUMPTION AND USES 


Domestic consumption of chromite ores and concentrates was 2 
percent below 1960, although in the fourth quarter of 1961 consump- 
tion was 82 percent above the level of the first quarter. The metal- 
lurgical industry used 649,000 short tons of chromite containing 
205,000 tons of chromium in producing 287,000 tons of chromium 
ferroalloys and chromium metal that contained 169,000 tons of chro- 
mium. In addition, 13,000 tons of chromite having 4,000 tons of 
chromium was added directly to steel. Of the 649,000 tons con- 
sumed in making chromium ferroalloys and metal, 79 percent (47.7 
percent Cr;O;) was metallurgical-grade ore, 15 percent (44.4 percent 
Cr20,) chemical-grade ore, and 6 percent (32.3 percent CrzOz) re- 
fractory-grade ore. Sixty-eight percent of the metallurgical-grade 
ore had a Cr:Fe ratio of 3:1 and above, 28 percent had a ratio between 
2:1 and 3:1, and 4 percent a ratio less than 2:1. The metal- 
lurgical industry used 55 percent of total consumption, the refractory 
industry used 31 percent, and the chemical industry used the remain- 
ing 14 percent. 

Producers of chromite-bearing refractories consumed 366,000 
short tons of ore containing 87,000 tons of chromium; and 9,000 tons 
of ore containing 2,500 tons of chromium was used directly in furnace 
repairs. 

The chemical industry consumed 163,000 short tons of chromite 
having 50,000 tons chromium in producing 120,000 tons of chemicals, 
sodium bichromate equivalent. 


Production of chromium ferroalloys gained 3 percent over 1960— 
low-carbon ferrochromium increased 10 percent, high-carbon was 
about the same, and ferrochromium-silicon output was 3 percent 
below 1960. The average chromium content of all alloys produced 
was 58.9 percent. The chromium content of low-carbon ferrochromi- 
um averaged 68 paren that of high-carbon (which includes charge 
chrome) averaged 63 percent chromium, and that of ferrochromium- 
silicon was about 40 percent. 

Consumption of chromium ferroalloys increased 6 percent over 
1960; consumption during the last half of 1961 gained 25 percent 
over that of the first 6 months. 


TABLE 3.—Consumption of chromite and tenor of ore used by primary consumer 
groups in the United States 


Metallurgical Refractory Chemical industry 
industry industry 
Year Thousand Thousand Thousand 

short Average short Average short Average 

tons, Cr:03 tons, Cr203 tons, Cr10; 

gross {(percent)| gross |(percent)| gross |(percent) 

weight weight weight 

1952-56 (average) 825 46.5 403 34.1 145 44.7 , 
7· 1.177 47.1 435 34.8 148 45.0 : 
eeh 778 46.9 312 35.2 131 45.6 ` 
LO 796 46.7 370 35.0 162 45.4 " : 
19800 8 685 46. A 391 34.9 164 45.3 ; : 
lr! 662 46.5 375 344.6 163 45.2 A ; 
A A A A A A TIE TEE 
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Pacific Northwest Alloys, Inc, planned to close its large metal 
plant at Mead, Wash., and transfer chromium production facilities 
to a subsidiary plant at Woodstock, Tenn. 


TABLE 4.—Production, shipments, and stocks of chromium ferroalloys and 
chromium metal in 1961 
(Short tons, gross weight) 


Net Chromium 


Alloy production | contained | Shipments 
Low-carbon ferrochromium. ..........................- 109, 384 74, 486 118, 767 
High- car bon ferrochromium. 95, 729 60. 082 102. 714 
Ferrochromium silicon 58. 507 22, 810 59, 478 
Other ß ete ate A 23, 819 11, 856 24, 784 


RK EE 287, 419 169, 234 305, 748 


Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous 
chromium alloys, 


TABLE 5.—Consumption of chromium ferroalloys and chromium metal in the 
United States in 1961, by major end uses, and consumer stocks Dec. 31 
(Short tons) 


Ferro- 
carbon carbon chro- 
ferro- ferro- mium 
silicon 


Stalnlesssteels.................] 53,686 | 30,647 | 20,479 |.........- 111, 926 
le E steels 304 J) )). AOS VE 1 
Other tool steels rr SOL 5 
Other alloy steels ) , 0: FO : 37,953 
Gray and malleable Iron ; 2, 663 
High-temperature alloys....... d l 5, 538 
Nickel-base ullo ys... 218 17 2 6 304 
Other nonforrous alloys 
Total (contained chro- 
mium zz 56, 062 23, 161 161, 960 
——— ILC — 
Total (gross weight) 87. 452 53, 210 3, 903 12, 761 14. 145 268, 157 
Stocks on hand (gross welght).. 10, 086 5, 022 822 513 1,754 28, 203 


1 Includes exothermic high- and low-carbon ferrochromium, chromium metal, and other chromium alloys. 

2 Believed to be low-carbon ferrochromium, 

3 Includes quantities that were believed used In producing high-speed and other tool steels and stainless 
steels because some firms failed to specify individual uses, 


TABLE 6.—End use of individual chromium ferroalloys and chromium metal in 
the United States in 1961 
(Percent in contained weight) 


Stain- | High- | Other | Other [Gray and High- Nickel-] Other 
less speed tool alloy |malleable| temper- | base non- 


Alloy steels | stcels | stoels | steels | castings ature alloys | ferrous 
alluys alloys 
Low-carbon ferrochromium...... 81.2 0.5 0.6 10. 7 0.5 6.0 0.3 0.2 
High-carbon ferrochromium..... 54. 7 1. 0 16 37.5 3. 4 KE DEEN 1.4 
Ferrochromium-silicon.......... 88.4 |........|- Eb accu 10. 9 .4 Be Sy A ͤ K 
Chromium briquets............- FUR Il A A 47 22 AN 8 
Exothermic ferrochrome-silicon..1........|........1........ 97.8 Ad AS A PI EE 
Low-carbon exotherinic ferro- 
Fr te A ⁰ 8 92. 2 6 FCC 
High-carbon exothermio ferro- 
daier Lt A AA pase IA 96. 7 AA — 1.4 
Chromium metal 88 3 12 5 3 60. 2 33 20. 2 
Other chromium alloy8.......... Il. A DE, ⁵ 85:2 A A 29 


! Belleved to be low-carbon ferrochromium. 
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STOCKS 


Industry stocks at all locations are given in table 7. Chromium 
materials in Government inventories on December 31, 1961, are 
presented in table 8. 

Compared with 1960, stocks of chromium ferroalloys and chromium 
metal at producer plants decreased 24 percent, but stocks at consumer 
plants increased 71 percent. 

Chromium chemicals at producer plants decreased 49 percent and 
totaled 9,892 short tons, sodium bichromate equivalent, at the end 
of the year. 


TABLE 7.—Stocks of chromite at consumer plants, Dec. 31 
(Thousand short tons) 


Metallurgical... aaegergrelee e GRASS 


1 863 1773 

A A ? 719 728 
// ]ð;’ͥ⁰w ↄ ↄ ð z mk 125 132 
ER EPE LEIE E E ee TT ey UE OR: 11,707 11,633 


1 Includes stocks at locations other than consumer plants, 


TABLE 8.—Chromium materials in Government inventories on Dec. 31, 1961 


National CCC and 
(strategic | DPA In- supplemental] Total 
stockpile) 1| ventory? | stockpile 3 


Chromite, chemical grade—thousand short dry 1 5590 401 
0 


960 
Chromite, metallurgical grade 000. 3, 800 1 L 428 5, 229 
Chromite, refractory ` E do.... 1. 047 — 180 1,227 


1 Acquired through the Strategic and Critical Materials Stockpiling Aot. 
2 Acquired through the Defense Production Act (DPA). 
3 Acquired through the Commodity Credit Corp. (CCO) and by barter for agricultural commodities. 


PRICES 


Prices quoted by E&MJ Metal and Mineral Markets for chromite 
ores and concentrates were unchanged during 1961 (see table 9). 

The yearend prices for chromium ferroalloys quoted by E&MJ 
Metal and Mineral Markets for lump mateñal: in bulk carload lots, 
delivered, per pound of contained chromium were: High-carbon ferro- 
chromium (67 to 71 percent chromium (Cr), 4 to 9 percent carbon 
(C) ), 24 cents; low-carbon ferrochromium (67 to 73 percent Cr, 0.75 
percent C), 33 cents; special low-carbon ferrochromium (68 to 73 
percent Cr, 0.025 C), 33.50 cents; charge chrome (58 to 65 percent Cr, 
5.25 percent C), 22 cents; and refined ferrochromium (58 to 65 percent 
Cr, 4.25 percent C), 24 cents. 

Electrolytic chromium metal (99.8 percent pure) and alumino- 
thermic chromium metal (98.5 percent chromium, 0.05 percent car- 
bon), were quoted at $1.15 to $1.19 per pound, dehvered, depending 
on size of lot; vacuum melting 4 cents more. 
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TABLE 9.—Price quotations for various grades of foreign chromite in 1961 


Price per long ton! 


Source Cp Cr/Fe 
(percent)| ratio 
Jan. 1 Dec. 31 

eee ß ß 48 3:1 | $35. 75-36. 25 $35. 75-36. 25 
JJ A A 48 2. 8:1 32. 00-33. 50 32. 00-33. 50 
P a a 498 27. 00-28. 00 27. 00-23. 00 
Union of South Africa a EE 25. 50-27. 00 25. 50-27. 00 
! ¹Ü 10 lo E 44. 19. 75-20. 50 10. 75-20. 50 
C ³· lada 48 3:1 36. 00-38. 00 36. 00-38. 00 
9d“ A A E 46 3:1 | 33 00 33. 50-34. 00 


1 Quotations are on a dry basis, subject to penalties if guarantees are not met, f.o.b. cars, east coast ports. 
3 Term contract. 


Source: E&MJ Metal and Mineral Markets. 


FOREIGN TRADE * 


Imports.—Imports of chromite ores and concentrates declined less 
than 5 percent (see table 10). Metallurgical-grade ore (46.0 percent 
Cr;0,) comprised 34 percent of total imports, refractory-grade (32.9 
percent CrzOz), 24 percent, and chemical-grade (45.4 percent Cr;O;), 
42 percent. Of the 1.3 million tons imported, 49 percent came from 
the Union of South Africa; 16 percent from the Federation of Rhodesia 
and Nyasaland; 21 percent from the Philippines; 11 percent from 
1 2 percent from U.S. S. R.; and the remaining 1 percent from 

uba. 

Of the ferrochromium imports given in table 11, 62 percent of the 
quantity containing 3 percent or more carbon, and 56 percent of the 
quantity containing less than 3 percent carbon entered duty free for 
the U.S. Government, and duty free under certain public laws. 
Imports for consumption of sodium chromate and sodium bichromate 
totaled 1,561 short tons valued at $287,803. 


$ Fictires on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.8, Department of Commerce, Bureau of the Census. 
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TABLE 11.—U.8. imports for consumption of ferrochromium, by countries 


Low-carbon ferrochromium (less High-carbon ferrochromium (3 
than 3 percent carbon) percent or more carbon) 


Short tons 


Year and country 


Value 
North America: / ĩ ⁰ EA E 
Europe: 
o A Du T $916, 264 
Germany, West........... 704, 416 
EE ³ 8 
Na 2... -. 1, 783, 423 
weden 650, 848 
United Kingdom.........]...-......|.......--...]..-......... 
Yugoslavia..............- 218, 953 
W 4. 363, 904 
Asis: Japan 938, 957 
Rhodesia and Nyasaland, 
Federation of. .......... 334, 776 
Union of South Africa 
a A sera 334, 776 
Grand total............. 5, 637, 637 
North America: Canada 
Europe: 
raid CFC 212, 817 
Germany, West 522, 043 
E AAN DRUMS 587, 049 
Norway cr 1. 554. 373 
Sweden 920, 792 
Vugosla via 201, 592 
err 3, 998, 666 
Asia: Japan..................- 353, 593 
Africa: 
Rhodesia and Nyasaland, 
Federation of 134,154 
Union of South Africa 
To ENEE 134, 154 
Grand total............. 13, 408 9, 265 4, 486, 413 


Source: Bureau of the Census. 


Imports for consumption of chrome or chromium metal totaled 692 
tons valued at $1,149,916; 187 tons was from the United Kingdom, 
255 tons from France, 69 tons from West Germany, and 181 tons 
from Japan. 

Imports for consumption totaled 12 tons of chromium-nickel and 
chromium-vanadium valued at $5,703 from Canada and the United 
Kingdom; 30 tons of chromium carbide valued at $56,465 from West 
Germany; 508 tons of chrome yellow, chrome green (chromic oxide), 
and other chromium colors, valued at $245,255, from seven other 
countries; and 5 tons of potassium chromate and dichromate valued 
at $1,802 from the United Kingdom and West Germany. 

Exports.—Exports of chromium products included 7,845 tons of 
ferrochromium valued at $2,837,518; 1,068 tons of chromic acid and 
anhydride valued at $604,113; 7,124 tons of sodium bichromate and 
chromate valued at $1,678,829; 10 tons of chromium or chromite 
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metal and alloys in crude form and scrap valued at $24,484; and 4 
tons of chromium or chromite semifabricated forms valued at $21,532. 
Reexports of ferrochromium totaled 429 tons valued at $137,498. 


TABLE 12.—U.8. exports of chromite ore and concentrates 


Exports ! Reexports ? 


Year 


Short tons Value Short tons 


— — •——ñ—— •— ͤüZ — — 


1952-56 (ANOTA nai dd 
/ ¹˙¹ſ ͥ TT ß calc’ 
IJJ!!öÜö§ööͤͤĩ%¹tv⅛˙ mx xprr A E M ERN cue 


wee oe ge om e em ep P ee ob em em SEO og ee f o eem o es e ee eem e om o o e mm we 


wee e oo eo e e ff o ege men B˙ 444 


wee o ae o gem —w —uyt—— ————— 222 ——— — —2 — 


S M aterial of domestig origin or foreign material that has been ground, blended, or otherwise processed in 
e Un ates. 

3 Material that has been imported and later exported without change of form. 

3 Adjusted by Bureau of Mines. 


Source: Bureau of the Census. 


Tariff. —There were no import duties on chromite ores and concen- 
trates. Duties on chromium products, under various trade agree- 
ments to the Tariff Act of 1930, from all countries except the U.S.S.R. 
AS other designated Communist countries and areas were unchanged 
rom 1960. 


WORLD REVIEW 


World chromite production was 6 percent below the high level of 
1960 although it equaled the average output of the preceding 4 years. 

Four countries in three continents accounted for more than 70 
percent of the world chromite production; U.S.S.R. produced 22 
percent; Union of South Africa 21 percent; the Philippines 15 percent; 
and the Federation of Rhodesia and Nyasaland 13 percent. The 
remaining 29 percent came from 16 other countries. 

Some countries in Ásia and Europe had difficulty in selling chromite 
on the world market despite strong demand, as large quantities of 
high-grade Russian and Albanian chromite became available for 
export. 


NORTH AMERICA 


Canada.—The Strategic-Udy process for producing ferrochrome on 
a commercial basis was brought into operation in December at the 
Niagara Falls, Ont., plant of Strategic Materials Corp. The oper- 
ation was a joint venture of Strategic Materials Corp. and Universal- 
Cyclops Steel Corp. of Bridgeville, Pa. Constructed at a cost of $1.5 
million, the unit was supposed to have the highest capacity of any 
test plant available in North America for testing custom chrome ores. 
The unit reportedly had been used to process complex ores which 
could not be handled economically by other plants.* 


Cuba.—Cuba published no mineral production or foreign trade 
figures for 1960 or 1961. A report attributed to the Instituto Cubano 


* Mining Journal (London). New Development tn Metallurgy. V. 287, No. 6891, Dec. 18, 1961, p. 629. 
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TABLE 13.—World production of chromite by countries ! ? 


(Short tons) 
Country ! 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 
f T 72, 619 127, 126 3 82, 800 4 43, 732 4 32, 774 (8) 
Guatemala 3 1, 100 1, 168 452 110 
United States 6 120, 880 166, 157 143, 705 | 7 105,000 | ? 107,000 1 82, 000 
CCPFCCVVCTTVVCCVdTTT——VTT 193, 883 294, 383 227. 763 149. 184 139, 974 (5) 
South America: Brazil............... 3,610 8, 748 5, 832 6, 861 6, 245 6, 990 
Europe 
Albania. rs 105, 160 184, 400 221, 800 272, 300 315,300 | 9 330, 000 
o E EE 44, 060 96, 172 92, 935 88, 185 | 3 110, 200 3 44, 000 
U.S.S.R?! . cee 715, 000 850, 000 880, 000 940, 000 | 1,010,000 | 1,015, 000 
Yugoslavia. ..................... 133, 077 132, 570 125, 188 117, 965 110, 873 119, 188 
Total AAN 1, 020, 000 | 1,280,000 | 1,340,000 | 1, 440,000 | 1, 580, 000 (5) 
Asia: 
Cyprus (exports) ...............- 9, 903 5, 678 13, 260 13, 837 15, 702 3 11, 000 
Let TE EES 64, 624 87, 968 70, 500 93, 936 110, 354 50, 625 
e tok tt eA 28, 754 42, 519 3 38, 600 60, 600 A 3 55, 000 
Ff ³ ve 8 40, 550 51, 216 46, 155 63, 578 74, 394 77, 579 
Pakistan 25, 504 18, 114 26. 619 17, 946 20, 265 28, 116 
Philippines 618, 583 799, 7 458, 903 720, 345 809, 579 705, 811 
EREECHEN 824, 781 | 1,052, 665 631, 403 427, 324 530, 676 443, 932 
rf 1, 612, 699 | 2,057, 923 | 1, 285, 440 | 1,397,366 | 1,635, 970 | 1, 372, 063 
Africa: 
Malagasy (Madagascar 6 10 9, 900 
Rhodesia and Nyasaland, Fed- 
eration of: Southern Rhodesia.| 533,107 654, 072 618, 841 543, 104 668, 401 590, 888 
Sierra Leone 23, 952 17, 602 15, 944 19, 974 6, 023 | 3 10 13, 200 
Union of South Africa 617 733, 612 696, 057 749, 873 850, 916 989, 718 
United Arab Republic (Egypt 
Region) ......--------..-- 405 Jd i os 275 S 
l 1, 244, 081 | 1, 405. 400 | 1, 330, 842 | 1,313, 226 | 1,525,670 | 1, 603, 706 
Oceania: 
AUS Mo cda 3, 400 3, 415 869 134 S 
New Coaledonla -..--- 90, 225 70, 768 52, 249 48, 463 43, 166 40, 413 
ge AA 93, 625 74, 183 53, 118 48, 597 43, 758 40, 413 
World total (estimate)!........ 4, 170, 000 | 5, 120,000 | 4, 245, 000 | 4,355, 000 | 4, 930, 000 | 4, 655, 000 


! In addition to countries listed, EE and Rumania produce chromite, but data on output are not 
available; estimates by senior author of chapter included in total. 

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detall. 

3 Estimate. 

United States Imports. 

* Data not available; estimate included in world total. 

* Includes 45,710 tons of concentrates from low-grade ores and concentrates stockpiled near Coquille, 
Oreg., during World War II. 

Produ for Federal Government only; excludes quantity consumed by American Chrome Company. 

$ Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

* Year ended March 20 of year following that stated. 

10 Exports. 


Compiled by Pearl J. Thompson, Division of Foreign Activities. 
de Mineria, Cuba's government mining monopoly, however, indicated 


that in 1961 chromite would be produced at the rate of 60,000 tons 
per year at the Yamaniguey and Cayoguan mines.’ 


EUROPE 


Finland.—Mining on a trial basis began at the chromite deposit 
discovered in 1960 in the lower part of the Kemi River valley. The 


! Engineering and Mining Journal. V. 162, No. 4, April 1961, p. 162. 
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ore was delivered to a Finnish metal firm, A/B Outokumpu OY, for 
concentration.’ 


Greece.—The Domokos chromite mines were closed after 45 years 
of operation because of their inability to meet severe price competition 
in the world market. The mine operator, Union Miniére du Haut- 
Katanga had stocks of about 12,000 tons of chrome concentrates 
which it reportedly was unable to sell. 


U.S.S.R.—The U.S.S.R. was the leading world producer of chromite. 
Soviet ore exports totaled one-half million tons in both 1960 and 
1961, 50 percent more than in 1959. Exports were made to man 
countries, with the free world receiving about two-thirds of the total. 
West Germany, Japan, Sweden, France, the United Kingdom, and 
Italy accounted for most of the exports; the Sino-Soviet bloc coun- 
tries Poland, Czechoslovakia, China, and East Germany—received 
the remainder. Soviet exports of ferrochrome totaled 22,000 tons 
in 1960. West Germany, Austria, and Finland accounted for about 
one-third of the total. A large portion of the exports unaccounted 
for went to the Sino-Soviet bloc. No data were available on imports, 
but they were probably small, if any.“ 


ASIA 


Pakistan.— The Government of Pakistan approved measures for 
protecting the chromium chemicals manufacturing industry for a 
period of 3 years. One of the approved measures was the imposition 
of & protective duty of 50 percent ad valorem on imported sodium 
dichromate.!^ 


Philippines.—A cooperative effort between the International Co- 
operation Administration (ICA) and the Philippine Bureau of Mines 
in geological mapping, trenching, and diamond drilling established 
&n indicated 600,000 tons of good grade refractory chromite ore 
adjacent to the Consolidated Mines area in Zambales province. A 
new agreement between Consolidated Mines, Inc., and the Philippine 
Government will permit Consolidated to operate this government 
reservation and in effect to extend operations in this principal pro- 
ducing area for 2% years beyond the present estimated 12 years. 
About 85 percent of United States refractory chromite ore require- 
ments are met from Philippine production, almost entirely from 
Consolidated Mines." 

Production of metallurgical-grade chromite concentrates was 
152,166 short tons with a 50 percent Cr4O; content, metallurgical- 
grade lump ore was 7,099 tons (53 percent CrzOz), and refractory- 
grade ore was 546,546 tons (32 percent CrzOz).“ 


Turkey.—A comprehensive report on chromite mining in Turkey 
described measures required to stimulate production and increase 
exports of chromium bearing ores. The report also presented mining 
development prospects and views on the economic benefits to be 
derived from long-term exploration and prospecting.? One leading 


American Metal Market. Finnish Chrome Ore Mining Trial. V. 68, No. 80, Apr. 27, 1961, p. 19. 
* Bureau of Mines. Mineral Trade Notes. Special Supplement No. 61, April 1962, 108 pp. 
1 Chemical Age (London). V. 86, No, 2209, Nov. 11, 1961, p. 768. 
u U.S. Embassy, Marila, Philippines. State Department Dispatch 409, Dec. 8, 1961, pp. 10-11. 
13 U.S. Embassy, Manila, Philippines. State Eo onl Dispatch 750, Apr. 23, 1962, pp. 1-3. 
i „„ K. Chromite Mining in Turkey. kish Econ. Rev., v. 2, No. 10, December 1961, pp. 


65987 3—62———29 
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producer of Turkish chromite concentrate was having difficulty in 
marketing its output in 1961. 


AFRICA 


Rhodesia and Nyasaland, Federation of.— Windsor Ferroalloys, (pvt.) 
Ltd., announced plans to construct a new smelter in Que Que, Southern 
Rhodesia, to produce initially 12,000 tons a year of high-carbon 
ferrochrome from local chromite ore. The smelter will be rated at 
over 7,500 kva using Kariba power for smelting about 25,000 tons per 
year of chromite concentrates.'* 


TECHNOLOGY 


The Federal Bureau of Mines published the results of its studies 
on the feasibility of electric smelting of Montana chromite concentrate 
for producing ferrochromium of varying silicon and carbon contents.“ 
Bureau of Mines chromium research was directed mainly toward 
beneficiating low-grade chromite-bearing materials by flotation and 
gravity methods, extracting chromium directly from chromite con- 
centrates, and improving the efficiency of pyrometallurgical tech- 
pique for recovering chromium. 

ndustry continued using oxygen top-blowing techniques for re- 
fining ferrochromium. In the refractories area, the use of South 
African chromite for refractory brickmaking was a significant techno- 
logical development. 

After a continuous period of over 30 years using one type of chro- 
mite (Cuban-Philippines) the basic refractories industry found it 
necessary to change to another type because of approaching depletion 
of reserves. Conversion to Transvaal chromite proved successful in 
large-scale industry service trials, thus assuring a continuing supply 
of chromite refractories for many years.“ E. J. Lavino & ei 
ee that transition to Transvaal chromite was virtually 
complete. 

Chrome composites formed by combining electrolytic chromium 
with magnesium oxide yielded a structural engineering material 
having potential use for high-temperature applications. 

Publications on the technology of chromium presented information 
on metallurgy, chemistry, and physical and chemical properties. 
The phenomenon of evaporation of chromium oxide from chromium 
alloys oxidized at high temperatures was investigated by observing 
the loss in weight when chromium oxide pellets were heated at 1,000 
C. in various atmospheres.7 Chromium chelates of malonaldehyde 
and formylacetone were synthesized.' Magnetic properties of 
chromium between 0° and 350° C., and the electron spin resonance of 
pure chromium were measured.? Chromium manganese antomide, a 


M Iron and Coal Trades Review (London). V. 183, No. 4862, Sept. 22, VAG 645. 

t Hunter, W. L., and G. A. Kingston, Ferrochromium From Western Metallurgical-Grade Chromite. 
Bu Mines Rept. of Inv. 5897, 1961, 9 pp. 

Hunter . L., and L. H. Banning. Electric Smelting of Montana Chromite Concentrates. BuMines 
Rept. of Inv. 5775, 1961, 30 bp. 

16 Mikami, H. M., IT. A. Heiligman, D. G. Samuel. Transvaal Chromite in Basic Refractories. Paper 
pres. at Pacific Coast Rerional Meeting of the Am. Ceram. Soc., San Francisco, Calif., Oct. 26, 1961. 

D Journal of the Electrochemical Society. V. 108, No. 5, May 1961, pp. 

18 Chemical & Engineering News. Chromium Chelates. V. 39, No. 37, Sept. 11, Werer y 58. 

1 Collings, E. W., F. T. Hedgcock, A. Siddiqui, Magnetic Properties of Chromium Between 0° and 
350 C. J. Inst. Metals, v. 20, October 1961, p. 98. 


CHROMIUM 443 


new metallic compound, was reported to exhibit unique on-off mag- 
netic characteristics. The magnetic characteristics of the alloy were 
determined by the chemical composition.” 

The tensile properties of high-purity extruded chromium in the 
annealed condition were established between minus 196° and plus 
900° C." "The recovery and early recrystallization of heavily de- 
formed 99.98 percent chromium were investigated by studying 
structure, X-ray line sharpening, electrical resistivity, plastic proper- 
ties, internal friction, and shear modulus. Observations on the duc- 
tility and fracture of recrystallized chromium were also reported.” 
The EE of chromium carbide at high temper- 
atures were published.* 


% Journal of Metals. On-Off Magnetic Properties, V. 13, No. 1, January 1961, p. 15. 

u Weaver, C. W. Tensile Properties of Annealed Chromium Between —196° and +900° C. J. Inst. 
Metals, v. 89, No. 10, June 1961, pp. 385-390. 

2 Morton, M. E. Recovery and Recrystallization in 99.98 Pct. Cr. Trans. of the Metallurgical Soc. 
ol AIME, v. 221, No. 2, A 1961, pp. 395-400. 

3 Fujishiro, 8. E., and N. A. Gokcen. Thermodynamic Properties of Chromium Chloride. Trans. of 
Metallurgical Soc. of J. Metals, v. 221, No. 2, April 1961, pp. 275-279. 
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ONNAGE and value of clays sold or used by producers in 1961 
er decreased 3 percent com red with 1960. xports increased 
percent. Bentonite and er’s earth production increased, 

re a and ball clay production remained at about the same level as 
in 1960, and fire clay and miscellaneous clay production decreased. 


TABLE 1.—Salient clay and clay products statistics in the United States 
(Thousand short tons and thousand dollars) 


— —— | — — — 


Domestic clays sold or used by pro- 
e ĩðz Ee 


383 
s. A $143, 487 | $159, 659 | 2 $162, 411 $156, 829 
Imports for consumption 176 
I/! pe $2, 900 $3, 288 $3, 103 $3, 060 
T.... 8 489 2 9 


530 
$12,129 | $13, 490 3 13, 714 $14, 285 
$162,887 | $178,632 |? $178,836 | $168, 098 


$437,000 |3 $459,700 | $521,500 | $487,300 | $479,100 


Clay refractories, shipments (value).... 
Clay construction products 5 ship- 
ments (value) 


enen Puerto Rico 1953-54. 

ev 

3 Does not include value of shipments of ground crude fire clay, high-alumina, and silica fire clay for 1954, 
$ Principal products only. 

V Average for 1954-56 only. 


The 100 leading firms supplied 15 percent of clay production; the 
other 1,300 firms supplied 85 percent. 
1 ; Commodity specialist, Division of Minerals. 
3 Statistical clerk, Division of Minerals. 
445 
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Trends in the clay industry were toward increased automation, com- 
pany mergers, greater emphasis on research to improve existing prod- 
ucts and develop new ones to meet competition from domestic and 
import sources, and increased use of lightweight aggregate, especially 
in larger formed and prestressed structural units. 

A proposal for a clays nonmenclature system using letters and nu- 
merical subscripts appeared in the literature.* 


TABLE 3.—Value of clays produced in the United States, by States 


(Thousand dollars) 

State 1960 1961 Kinds of clay produced in 1961 
Alabama 1 $2,170 | 1$2,088 | Kaolin, fire clay, miscellaneous clay. 
Arizona. 1200 23240 | Fire clay, bentonite, miscellaneous clay. 
Arkansas........... 2, 456 1,758 | Fire clay, miscellaneous clay. 
California........... 5, 663 6, 405 n ball clay, fire clay, bentonite, fuller’s earth, misccllane- 

ous clay. 

Colorado............ 1, 424 1,241 | Fire clay, bentonite, miscellaneous clay. 
Connecticut 308 1260 | Kaolin, miscellaneous clay. 
Florida 146, 357 7,202 | Kaolin, fuller’s earth, miscellaneous clay. 
Oeorgia ..-.----- 40, 160 42, 024 Do. 
Ins sees 23 13120 | Kaolin, fire clay, bentonite, miscellaneous clay. 
Tllinois.............. 5, 479 4,166 | Fire clay. miscellaneous clay. 
Indiana 3, 2, 446 Do. 
IoW aa 1. 345 1. 428 Do. 
Kansas 1, 224 1, 225 Do. 
Kentucky.........- 6 2, 646 5 2,406 | Ball clay, fire clay, miscellaneous clay. 
Louisiana........... 749 645 | Miscellaneous clay. 
Maine.............. 50 51 | Fire clay, miscellaneous clay. 
Maryland.......... 1853 997 | Ball clay, fire clay, miscellaneous clay. 
Massachusetts...... 71 85 | Miscellaneous clay. 
Michigan..........- 1, 904 1,975 Do. 
Minnesota 3 163 3241 | Fire clay, miscellaneous clay. 
M ississi ppi Kee 4, 786 5,034 | Ball clay, fire clay, bentonite, fuller’s earth, miscellaneous clay. 
Missourl...........- 7, 207 5,040 | Fire clay, miscellaneous clay. 
Montan 377 376 Do. 
Nebraska 109 148 | Miscellaneous clay. 
New Hampshire... 27 30 Do. 
New Jersey ........ 1, 597 1,681 | Fire clay, miscellaneous clay. 
New Ne Iico $132 $165 Do. 
New York.......... 1,717 1,373 | Miscellaneous clay. 
North Carolina. .... 11,548 11,669 | Kaolin, miscellaneous clay. 
North Dakota...... 23129 (0) Fire clay, bentonite, miscellaneous clay. 
A 14. 325 13,790 | Fire clay, miscellaneous clay. 
Oklahoma 3 739 3 801 | Fire clay, bentonite, miscellaneous clay. 
Oregon............- 370 357 | Bentonite, miscellaneous clay. 
Pennsylvania. ...... 116,536 | 114,402 | Kaolin, fire clay, miscellaneous clay. 
South Carolina 6, 201 6,169 | Kaolin, miscellaneous clay. 
South Dakota 1202 3 249 | Bentonite, miscellaneous clay. 
Tennessee. 1... ...... 4, 537 ? 4,190 | Ball clay, fuller's earth, miscellaneous clay. 
TOTS ar 8 7 5,058 16,737 | Fire clay, bentonite, fuller's earth, miscellaneous clay. 
CCC 1416 1,080 | Kaolin, fire clay, bentonite, fuller’s earth, miscellaneous clay. 
Virginia 1. 395 1,332 | Miscellaneous clay. 
Wushington 3182 3 138 | Fire clay, bentonite, miscellaneous clay. 
West Virginia. ...... 2, 039 2,193 | Fire clay, miscellaneous clay. 
Wisconsin.......... 156 130 | Miscellaneous clay. 
W voming..........- 49,571 |3410,301 | Fire clay, bentonite, miscellaneous clay. 
Other 299. * 6,068 3, 863 

e * 162, 411 | 156, 829 
Puerto Rico 102 112 | Miscellaneous clay. 


1 Value of kaolin included with “Other.” 

2 Value of bentonite included with “Other.” 

3 Value of fire clay included with “Other.” 

4 Value of miscellaneous clay included with “Other.” 

A Vulue of ball clay included with “Other.” 

$ Included with “Other.” l 

? Value of fuller’s earth included with “Other.” 

Includes Alaska, Delaware, District of Columbia, Hawall, Nevada, and Vermont, and values indicated 
by footnotes 1 through 7, to avoid disclosing individual company confidential data. 

* Revised figure. 


3 Ernst, Th., W. Forkel, and K. v. Gehlen. A System of Nomenclature for Clays and 
7 eramic Raw Materials. Am. Ceram. Soc. Bull., v. 40, No. 8. August 1961, pp. 
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REVIEW OF DOMESTIC PRODUCTION, PRICES, AND FOREIGN 
TRADE BY TYPE OF CLAY 


CHINA CLAY OR KAOLIN 


The quantity of domestic kaolin sold or used increased slightly, 
while the value increased 3 percent. These increases established new 
highs for the industry. The paper, rubber, refractories, and pottery 
industries consumed 82 percent of the kaolin used in 1961. The re- 
mainder was used for a variety of purposes, including cement, floor 
and wall tile, fertilizers, chemicals, insecticides, paint filler or extender, 
and linoleum. Use in paper coating continued to increase substan- 
tially, 9 percent in 1961. 

Georgia continued to be the major producer, with 78 percent of the 
tonnage, the same as in 1960, and 84 percent of the value. 

In mber, Oil, Paint and Drug Reporter quoted prices for 
Georgia kaolin as follows: Dry ground, air floated, 99 percent through 
325-mesh, in bags, carlots, f.o.b. plant, $11 to $17 a short ton; same, less 
than carlots, $13.50 to $22.50 a ton. 

Prices for imported china clay in December were quoted by Oil, 
Paint and Drug Reporter as follows: White, lump, carlots, ex dock 
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Ficurs 1.—Kaolin sold or used by domestic producers for specified uses, 1945-61. 
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(Philadelphia, Pa., and Portland, Maine), $23 to $35 a long ton; 
owdered, ex dock, in bags, $50 a ton; less than carlots, ex warehouse, 
60 to $70 a ton. 

In 1961 the average value gd short ton for kaolin used, as reported 
by o was $7.66 per short ton and for kaolin sold, $18.16 a ton. 
mports of kaolin were 132,441 short tons, up 4 percent from 1960. 

Virtually all imports came from the United Kingdom ; small quantities 

came from Australia, Canada, Japan, and Mexico. 

Exports of kaolin or china clay increased 24 percent over 1960; 62 

percent went to Canada, 12 percent to Mexico, 8 percent to Japan, 5 
ercent to Italy, 3 percent to Venezuela, and 2 percent to Colombia. 

Sul tonnages also went to other countries in Central and South 

America, Europe, Africa, and Asia. 

The scraper and dragline mining operations at the J. M. Huber 

Corp. kaolin pits were described in an article.* 

inerals & Chemicals Philipp Corp. was building a $2 million plant 
at McIntyre, Ga., to product beneficiated kaolin. The plant, which 
will be the first to use ultraflotation, is scheduled to commence opera- 

tions in 1969.5 

Southern Clays, Inc. opened its new $350,000 research laboratory at 

Gordon, Ga., for basic research in ceramics, paint, paper, rubber, and 

plastics. 


TABLE 3.—Kaolin sold or used by producers in the United States, by States 


Sold by producers Used by producers Total 
Year and State 
Short Value Short Value Short Value 
tons tons tons 
1952-56 (aeernpel 1, 823, 181 |$27, 830, 227 177, 298 | $1, 510, 562 | 2,000, 479 1$29, 340, 789 
y AAA A a aE 1,941,801 | 43,072, 638 241, 854 2, 525,143 | 2,183, 685 | 35, 597, 781 
Eeer 2, 003, 526 | 33, 991,313 218, 659 2, 429, 884 | 2,222,185 | 36, 421, 197 
117 iai 2,305, 134 | 39, 267, 837 230, 340 2, 414,117 | 2,535, 474 | 41, 681, 954 
1960: 
California... 14, 247 212 120-1. n Ch ose oe 14, 247 212, 120 
Florida and North Carolina.. 29, 760 SS 29. 760 663, 604 
RT EEN 1, 942, 745 | 36,915, 750 178, 492 906,505 | 2,121,237 | 37,822, 255 
South Carolína..............- (1) () (1) (1) 446,620 | 5,502,342 
Other States 2 446, 166 5, 626, 115 119, 041 1, 353, 001 118, 587 1, 476, 774 
Pia ³ A 2, 432, 918 | 43, 417, 589 297, 533 2, 259, 506 | 2,730, 451 | 45, 677. 095 
1961: 
California. (1) (1) (!) (1) 18, 620 215, R59 
Florida and North Carolina.. 29, 319 / EC 29, 319 637, 699 
C ˙ m A L 989, 410 | 38, 589, 830 157, 768 967, 292 | 2,147,178 | 39, 557, 122 
South Carolina (1) () (1) (1) 433, 748 5, 300, 509 
Other States 2. 452, 789 5. 650, 442 110, 530 1, 087, 607 110, 951 1, 221, 681 
Tot EE 2, 471, 518 | 44, 877, 971 268, 293 2,054,899 | 2,739,816 | 46, 932, 870 


1 Included with “Other Statos.” 
2 Includes States indicated by footnote 1, and Alabama, Connecticut (1961), Idaho (1961), Pennsylvania, 
Utah, and Vermont (1961). 


58 Voie ana Clay Record. How Do You Mine Clay. V. 139, No. 4, October 1961, pp. 
57. 77-78. 

Chemical & Engineering News. Ultraflotation Gets First Commercial Try. V. 89, No. 
42, Oct. 16, 1961, pp. 52-54. 
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TABLE 4.—Georgia kaolin sold or used by producers, by uses 


(Thousand short tons and thousand dollars) 


China clay | Refractory 
8 


paper clay, use Total kaolin 
etc, 


Year 


Quantity | Quantity | Quantity 


AE q pE0 gg eee 


1, , , 

BE 1,414 245 1, 659 28, 210 17. 01 

ee 1, 510 187 1, 697 29, 348 17.30 

ee 1, 751 189 1, 940 965 17.51 

)) RO RA 1, 861 2, 121 37, 822 17. 83 

Ee 1, 925 222 2, 147 39, 557 18. 42 
BALL CLAY 


The tonnage of ball clay sold or used by producers remained vir- 
tually the same, and the value increased 2 percent over 1960. Tennessee 
continued to be the major producer, accounting for 65 percent of the 
U.S. SE tonnage and 64 percent of the value; Kentucky ranked 
second. 

Demand in the pottery and floor and wall tile industries decreased, 
and in 1961 they consumed 53 percent and 21 percent, respectively, 
of the total. | 

Quotations on domestic ball clay in Oil, Paint and Drug Reporter 
for December 1961 were crushed, shed moisture, bulk, carlots, f.o.b. 

lant (Tennessee), $8 to $11.25 a short ton; air floated, in bags, carlots, 

ob, plant (Tennessee), $17.50 to $21.50 a ton. In 1961 the average 
value per short ton for ball clay, as reported by producers, was $13.70, 
compared with $13.45 in 1960. 

Prices for imported ball clay in December 1961 were quoted by Oil, 
Paint and Drug Reporter as follows: Air floated, in bags, carlots, 
Atlantic ports, $43 to $47 a short ton; lump, bulk, Atlantic ports, 
$31.50 to $37.50 a ton. 

Imports of common blue and ball clay decreased 13 percent in ton- 
nage and 12 percent in value compared with 1960. Unmanufactured 
blue and ball clays represented the major share of the imports; the 
United Kingdom supplied 99 percent of this classification and most 
of the imports of manufactured blue and ball clay. The remainder 
of the unmanufactured blue and ball clays came from Canada. Im- 
ports of Gross Almerode clays, including fuller's earth, totaled 459 
short tons. West Germany accounted for 61 percent, and Brazil, 
Canada, Japan, Netherlands, Norway, and the United Kingdom for 
the remainder. 

Descriptions and chemical analyses of ball-clay deposits in western 
foothills of the Sierra Nevada Range in California were given.* 


* Ceramic News. California Ball Clays Being Shipped to Major Sanitary-Ware Plants. 
V. 10, No. 1, January 1961, pp. 10-11. 
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Materia] handling in the underground and open-pit mines of Sc 
land’s largest producer of ball clay, Pike Brothers Fayle € Co., Ltd., 
was described.’ 


TABLE 5.—Ball clay sold or used by producers in the United States 


Y ear Short tons Value Year Value 
1952-56 (average) 360, 838 | $4,596,258 || 1959 $6, 459, 002 
J 408. 286 5, 521. 195 % ³·¹·ÜAA ieee 5, 977. 163 
177% UM RES 396, 949 5,502, 986 || 1961...................--- 6, 090, 091 
FIRE CLAY 


The tonnage and value of fire clay sold or used by producers in the 
United States decreased 12 percent and 14 percent, respectively, from 
the 1960 figures. Most of this loss was due to a lower demand for 
firebrick and block. The decrease in refractory uses accounted for 
90 percent of the decline. Some minor categories gained in use. 

he three States producing the largest quantities—Ohio, Pennsyl- 
vania, and Missouri—all reported substantial decreases representing 
almost 70 percent of the loss in 1961. "Together these three States 
accounted for 56 percent of the total U.S. fire-clay production, and 
63 percent of the value. Only California, Iowa, and Mississippi 
reported increases. 

e principal uses of fire clay were for the manufacture of refrac- 
tories, which consumed 49 percent of the total output (54 percent in 
1960), and heavy clay products, including terra cotta, which consumed 
48 percent (43 percent in 1960). Floor and wall tile and chemicals 
accounted for about 1 percent each, and 1 percent went for a variety 
of applications. 

The average value per short ton of fire clay sold by producers (as 
reported to the Bureau of Mines) was $3.43, compared with $3.55 
in 1960, and $3.47 in 1959. The average value of all fire clay, including 
both sales and captive tonnage, was $4.47, compared with $4.56 in 
1960. Captive tonnage amounted to 76 percent of the fire clay 
produced. 

Prices quoted on firebrick in December 1961 in E&MJ Metal and 
Mineral Markets were superduty, $185 per thousand ; high duty, $140: 
low duty, $103. According to statistics published by the Bureau of 
the Census, the average selling value of 1,000 > inch equivalents of 
fire-clay brick, including special shapes, was $161 in 1961. For super- 
duty fire-clay brick and shapes the value was $284. 

Exports of fire clay decreased 13 percent in quantity to 155,166 
short tons, and increased 3 percent in value compared with 1960. 
The average value was $21.85 a short ton, compared with $18.60 in 
1960. Canada received 30 percent, Mexico 26 percent, Japan 22 per- 
cent, Italy and Belgium-Luxembourg 4 percent each, France 3 percent, 
United Kingdom, Sweden, Venezuela, and Argentina 2 percent each, 
and Chile 1 percent of the exports. The remaining 2 percent com- 
prised small tonnages to many destinations in Central and South 


1 1 SE Engineering (London). Handling Ball Clay. V. 27, No. 11, November 
„p. : 
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America, Europe, Asia, and Africa. Of the larger consumers, Japan 
accounted for the highest revenue per ton. 

The Bureau of Mines released a comprehensive report covering the 
occurrence, mining, and use of Wyoming refractory clays.* 
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TABLE 6.—Fire clay, including stoneware clay,’ sold or used by produoers in the 
United States, by States 


Sold by producers Used by producers Total 
Year and State 
Short tons Value Short tons Value 
1952-56 (average).............. 7, 550, 479 |$33, 717,612 | 10, 508, 495 | $43, 206, 129 
A ⁵ ce 7,857,301 | 41,879,524 | 10, 805, 000 1, 310, 764 
AN 6, 531, 430 | 33, 050, 861 8,808, 175 | 40, 420, 240 
js AA ———P— 7, 689, 235 | 37,313,810 | 9,861,686 | 45,190,830 
1960: 
Alabama 778 248, 468 291, 244 753, 371 
AI. ð U 8 427,042 | 2, 068. 717 427, 042 2, 068, 717 
Caltfornia................- 819,091 | 1,060,044 414, 659 1, 375, 578 
Colorado.................. 80, 876 389, 429 290, 924 1, 041, 309 
Hlinois...................- 6 359, 357 2, 378, 344 
533 q 347, 706 635, 268 
%ͤ» (3) 13, 599 37, 172 
AAA EE 8 285, 635 616, 177 285, 635 616, 177 
Kentucky - -.............. 223,288 | 1,455, 161 306, 768 1, 845, 649 
aryland. ............... (?) (3) 26, 468 144, 633 
Mississippi. AAA 4 129, 161 258, 822 129, 161 258, 322 
issourl...--.----------- 1,322,763 | 5,681,057 | 1,541, 148 6, 208, 307 
N ·m A A ⁵— 900 900 900 
New Jersey (?) (3) 127, 099 983, 215 
IJ 1, 739, 544 | 8,765,109 | 2,302,476 | 10,018, 354 
Ar cons EE, —Ó 510 5, 100 510 5, 100 
Pennsylvan!a............. 1, 857,981 | 11,040, 393 
phos Ee 715, 491 1, 608, 337 
| 0 | 7 ER 27, 567 78, 778 
West Virginia............. 053 2, 328, 865 
rr, 8 308 12, 616 6, 308 12, 616 
Ot. States !............. 2, 796, 533 | 15, 827, 657 97, 276 276, 401 
S 7,425,427 | 36,390,257 | 9,915,372 | 45, 230, 861 
1061: 
Alabama (3) (3) 270, 313 699, 963 
Arkansas ²˙²˙ ] A 8 339,604 | 1,330,008 339, 1, 330, 008 
Callfornia................. 423, 180 1, 340, 174 544, 677 1, 720, 992 
Colorado— . 70, 166 306, 277 195, 537 689, 323 
Illinois ( (2 262. 959 1, 763, 508 
33 a a 333, 086 587, 798 
Ic AAA a (2) 16, 791 44, 373 
E AA SA O 228, 935 499, 092 228, 935 499, 692 
Kentucky. c 192,399 | 1,320, 682 248, 034 1, 558, pe 
HM EE Homer d cS 27 
MIC IP: JJ Morc. 8 168, 803 361, 956 168, 803 361, 956 
EEN 921,674 | 3,638, 202 1, 112, 092 4, 019, 726 
New Jersey (2) ) 126, 043 1, 011, 007 
// A 1, 740, 841 8,875,100 | 2,275,812 | 10,620, 195 
Babor AA A 110 4 4, 110 
Pennsylvanla............. 1, 464, 620 9, 803, 316 
Teras 5 676, 217 1, 660, 4 
West VIrginia 3 3 259, 340 1, 964, 
Other States 2 2, 535, 844 | 14, 040, 520 165, 516 462, 
TO EE 2,067,833 | 7,084,999 | 6,621,884 | 31,716,800 | 8,689,717 | 38,801, 799 


1 Includes stoneware clay as follows: 1952-56 (average), 63,915; 1957, 30,089; 1958, 26,429; 1959, 27,418; 1960, 
27,470; 1961, 24,554 tons. 

Í Included with “Other States.” 

3 Includes States indicated by footnote 2 and Alaska (1960), Arizona (1961 
mo Montana, Nevada, New Mexico, North Dakota, Utah (1961), 


Idaho, Maryland (1961), 
ashington, and Wyoming 


®Van Sant, Joel N. Refractory-Clay Deposits of Wyoming. U.S. BuMines Rept. of 
Inv. 5652, 1961, 105 pp. Xo DNUS 
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BENTONITE 


Increased demand for bentonite in pelletizing and absorbent uses 
in 1961 more than offset the decreases in consumption by foundry and 
steelworks and in filtering requirements. The quantity sold or used 
by producers increased 3 percent, with an attendant 1-percent increase 
in value. The foundry, petroleum, and filtering industries continued 
to consume the greater part of the tonnage. 

Wyoming, the largest producer of bentonite, accounted for 66 por 
cent of the total production and 68 percent of the total value; Mis- 
sissippi and Texas had substantial production with 17 percent and 9 

rcent, respectively. Wyoming, with a 10-percent increase in pro- 

uction, accounted for the total U.S. increase. 

The price of bentonite was given in Oil, Paint and Drug Reporter 
for December 1961, as follows: 200-mesh, in bags, carlots, f.o.b. mines 
(Wyoming), $14 a short ton; imported, Italian, white, high gel, in 
bags, 5-ton lots, ex warehouse, $95.20 a ton, and 1-ton lots, $99 a ton; 
Italian, low gel, in bags, 5-ton lots, ex warehouse, $93.40 a ton, and 
1-ton lots, $97.16 a ton. 
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The average value per short ton, as reported to the Bureau of Mines, 
was $11.65 in 1961, compared with $11.83 in 1960. 

Exports of bentonite decreased 25 percent, from 58,091 short tons in 
1 43,813 tons in 1961, according to reports received by the Bureau 
o es. 

The Benton Clay Co., Casper, Wyo., completed a $500,000 expansion 
program at its processing plant. 

A new source of bentonite was exploited on the Mediterranean 
island of Ponza, with a resultant large increased use in animal-food.? 


TABLE 7.—Bentonite sold or used by producers in the United States, by States 


Year and State Short tons Value Year and State Short tons Value 
1952-56 (average)......... 1, 383, 432 | $16, 265, 575 || 1961: 
A we madmed 1, 450, 867 17, 806, 546 California............ 12, 873 $347, 127 
1058. i LoxesE Score a 1,291,414 | 15,317,250 Colorado 700 4, 500 
1060 8 1, 372, 286 | 15, 841, 455 Mississippi 228, 020 836, 181 
Oregon 1, 309 15, 711 
1960 Texas 122, 456 
California 10, 664 231, 717 Utah... naana 2, 790 38, 868 
Colorado 1. 000 9, 930 Washington 
Mississippi. 237, 564 2, 899, 847 Wyoming...........- 859, 476 | 10,300, 990 
Oregon 600 7, 320 Other States . 79, 54 
TOTO acacia cado 115, 587 872, 940 
A eee 6, 255 85, 247 Total. 1,807,191 | 15. 224, 347 
Washington 78 440 
Wyoming 782, 168 9, 558, 969 
Other States 114, 884 1, 338, 347 
Total. 1, 268,800 | 15, 004, 757 


1 Includes Arizona, Idaho, Nevada, North Dakota, Oklahoma, and South Dakota. 
FULLER'S EARTH 


Fuller's earth sold or used by producers increased 3 percent in ton- 
nage and 4 percent in value over 1960. Florida continued to be the 
leading producer and, with Georgia, supplied 86 percent of the total 
U.S. tonnage and accounted for 89 percent of the value. The largest 
single use was as an absorbent, which took 45 percent of the national 
consumption. Other uses were insecticides and fungicides, 25 percent; 
rotary-drilling mud, 14 percent; and mineral and vegetable oil refin- 
ing, 8 percent. 

he average value per short ton of fuller’s earth reported sold or 
used in the United States was $22.55, compared with $22.44 in 1960. 

The latest quotations on fuller’s earth, published in Oil, Paint and 
Drug Reporter for February 1960, were as follows: Insecticide grade, 
dried. powdered, in bags, carlots, Georgia or Florida mines, $17.50 
& Short ton; oil-bleaching grade, 100-mesh, in bags, carlots, f.o.b. 
Georgia and Florida mines, $16.30 to $17 & short ton; and 200-mesh, 
same basis, $17.50 to $18. 

Effective January 1, 1955, fuller’s earth import statistics were not 
classified separately but were included under “Other clay.” Exports 
are not given separately in official foreign-trade statistics. According 
to reports made by producers to the Bureau of Mines, exports in 1961 
were a negligible 280 short tons, compared with 12,035 tons in 1960. 


® Chemical Trade Journal and Chemical Engineer (London). Bentonite on the Farm. 
V. 148, No. 3857, May 5, 1961, p. 974. 
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TABLE 8.—Fuller's earth sold or used by producers in the United States, by States 


corr 3 3 rr e e 252, 106 
689 


6, 357, 173 
1,777 


Includes California, Mississippi, Nevada, Tennessee (1961) and Texas. 


Articles described the operation of Minerals & Chemicals Philipp 
Corp. facility in Attapulgus, Ga., where attapulgite was processed into 
over 90 commercial grades. A flow sheet was included. 
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Flaum 8.—Fuller’s earth sold or used by producers for 3 uses, 1945-61. 


MISCELLANEOUS CLAY 


This section presents statistics for the large-tonnage clays and 
shales—other than those discussed in the preceding pages—used in 
manufacturing 3 clay products, portland cement, and light- 
weight aggregate ith these are grouped small tonnages of slip 
clay, oil-well drilling mud, pottery clay, and clays that cannot clearly 

be identified with one of the types discussed separately in this chapter. 


hopey. N. P. Attapulgite: 1 Process, 90+ Grades. Chem. Eng. v. 68, No. 26, Dec. 
25, 196 pp. 60-62. Pit and Quarry. Unique Handling Techniques Used to Automate 
New Georgia Clay Processing Plant. V. 54, No. 8, September 1961, pp. 122-120. 
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_ Miscellaneous clay sold or used by producers decreased 2 percent 
In tonnage and 3 percent in value compared with 1960. A decline 
of 8 percent in requirements for heavy clay products, the largest use, 
accounted for most of the loss. A substantial increase of 10 percent 
was recorded for use in lightweight aggregate, and miscellaneous 
clay used for cement increased 5 percent. Almost all other categories 
registered decreases. Captive tonnage—clay produced by mine op- 
erators for their own use in manufacturing brick, tile, cement, light- 
weight aggregate, and other products and marketed for the first time 
as such—was 97 percent of the miscellaneous clay sold or used in 1961. 
Texas, Ohio, North Carolina, and California reported tonnages ex- 
ceeding 2 million short tons. About half the States showed increases 
and half decreases in production. Production in the North Central 
States of Ohio, Indiana, and Illinois together decreased by almost 
1 million tons. Of the States producing over 1 million tons, Texas 
made the largest gain, with a 21-percent increase. 
The average reported value of miscellaneous clay sold as crude or 
repared clay was $1.13 a short ton, compared with $1.44 in 1960. 
ere was a 37-percent quantity decrease in this clay classification. 
Some special types of clay included under the miscellaneous-clay clas- 
sification, however, sold at much ee prices. The value of captive 
tonnage, computed from individual estimates, averaged $1.19 a short 
to 


n. 

According to figures compiled by the Bureau of the Census, exports 
of clay not elsewhere classified were 304,858 short tons valued at 
$8,498,868, an increase of 12 percent in tonnage and less than 2 percent 
in value from 1960. Some countries of destination with percentage: 
received were Canada, 36 percent; Mexico and United Kingdom, 8 
percent each; Australia and West Germany, 5 percent each; Brazil 
and Venezuela, 4 percent each ; Netherlands, 3 percent ; and Colombia, 
Italy, Japan, and Switzerland, 2 percent each. Smaller quantities 
were shipped to other countries in Central and South America, Eu- 
rope, Asia, and Africa. 

Details of recommended procedure to follow in searching for and 
testing commercial deposits of clay for use in structural clay products 
were presented." 

A comprehensive report on Ohio shale, was published by the Ohio 
Division of Geological Survey.” : 

Mississippi Clay Products Co. acquired 51 acres of clay-bearing 
land south of Yazoo City, Miss. 


u Moffitt, Roy B. Let's Go Prospecting for Clay. Brick and Clay Record, v. 138, No. 6, 
June 1961, pp. 82-84, 86-88, 91-92, 94-95. 

4 Hoover, K. V. Devonian-Mississippian Sequence in Ohio. Ohio Div. of Geol. Survey 
Cire. 27. 1961, 154 pp. 


456 


MINERALS YEARBOOK, 1961 


TABLE 9.—Miscellaneous clay, including shale and slip clay sold or used by 
producers in the United States, by States 


Used by producers 


Short tons 


Value 


— —— ee EA EEN 


28, 708, 277 
29, 310, 775 
29, 693, 948 
33. 879, 888 


$32, 413, 097 


35, 923, 688 
36, 529, 282 
39, 893, 102 
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144, 358 
1 8, 963, 560 


1, 416, 739 
259, 908 


156, 018 
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139, 263, 112 
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Sold by producers 
Year and State 
Short tons Value 
1575 (average) II. 1. 639, 913 | $2, 887. 372 
1;ö· K Ee 1,097,620 | 1, 588, 484 
1958 EE 979, 565 1, 687, 185 
1059: EE 851.006 | 1, 562, 552 
1960: 
Ang VE 
E Sak EE, WEE 8 
EE AA A 8 
California. ...............- 211, 864 613, 048 
Colorado.................. 38, 000 76. 000 
Connecticut 45, 188 35, 891 
Pf ³ Ai ( A 
Ih; dE 
O o000aiMMiMnMMMMŅMŅ (3) (3) 
Indiana 85. 061 114. 298 
PC A 6 3, 823 14, 012 
A A AA 
od AAA AN 8 
Pao AA E VE 
E IRA A v 
Maryland...............- (2) (2) 
MassachusettS Ale 
Michigan................. (3) (?) 
NA Ki et ef d E, A A 
r AE A 
INC AAA APA AAA 
Men A DEE 
Nl AA A 
New Hampshire 
New Jersey (2) (1) 
New Mexico.............. 1, 647 12, 026 
New York................ ) (1) 
North Carolina. AAA A RR 
North Dakota. ...........]............]- --.--.....- 
OM EE 156, 424 206, 100 
OkIahoms&. A S ou 
Oregon 3 (2) 
Pennsylvania 1) (3) 
South Carolina 
South Dakota... ll 
Tennessee (2) (2) 
I//§‚«ö;—u/ĩ«⁊q aloes 14, 266 27, 253 
Ele e eh ee 6, 623 8, 824 
AA D E 
Washington (2) (2) 
West iin... Rteseesss 
Nenn ß EE 
Undistributed .. 894, 491 903. 498 
Pell --------- 1,457,387 | 2,101,850 
1961: 
a AAA a 8 
ihr ⁵ ðV•ſ A 
MOK INST os coc ecules. K ⁰aZ—ͤ—ü WEEN 
Caliſornia 106, 7*6 ]41, 442 
Colorado......... 2... ..- 90, 303 167, 500 
Sonne 8 
G ĩÜ;’¾;..;.;3ꝛ’.;œl IA A 
F ³W˖ / ĩðͤ WEE 
Inos Roc (2) (2) 
(GK WEE 97, 443 121, 799 
LOW EEN (3) (3) 
A AS EECHER 
Rennie; AI DEEG 
A MAA DAA ⁵ y 88 
FI 
Rinssuchuse tts 
Michigan n 1. 650 3, 300 
ill ⁰⁰⁰ 
Nr EE 
II ͥ ⁰ ˙ü¹ T... 8 
Montana................. (3) (2) 
A A A WEE 


Bee footnotes at end of table. 


1, 516, 939 
165, 379 
432, 683 

2, 333, 452 
269, 537 


1, 367, 874 
230, 785 
427. 923 

3, 834, 327 
379. 723 
259, 679 
581, 142 

19, 360 
(?) 

1, 736, 147 
(2) 


725, 012 
847, 475 
645, 114 
$1, 042 
R5, 292 
1, 971, 909 
241, 287 
651, 080 
1, 020, 113 
2) 


( 
147, 670 


Total 

Short tons Value 
30, 348, 190 | $35, 300, 469 
30, 408, 395 | 37,512, 172 
30. 673, 513 38, 216. 467 
34, 730, 804 | 41,455,654 
1, 548,673 | 1,416,739 
173, 272 259, 908 
387, 633 7, 633 
2, 428. 023 3, 670, 781 
197, 838 372, 940 
207, 458 307, 758 
1, 304, 044 560, 527 
36, 250 29, 450 
1, 997. 499 3, 100, 860 
1, 473, 781 2. 761, 172 
1, 008, 079 1, 308, 471 
607, 541 607, 541 
644, 388 799, 513 
749, 432 749, 432 
41,114 49, 917 
585, 694 707, 975 
R3, 221 70, 724 
1, 737, 588 1, 904, 389 
125, 387 162, 997 
597, 694 599, 156 
998, 533 998, 709 
63, 248 77, 167 
106, 870 108, 243 
27, 260 27, 260 
536. 619 659, 059 
56, 487 131, 542 
1, 172, 492 1, 716, 704 
2, 476, 170 1, 547, 680 
102, 044 128, 444 
2, 862, 224 3, 406, 676 

733, 900 734, 
316, 900 362, 720 
1,699, 447 | 1, 895. 957 
850, 254 698, 727 
201, 970 201, 970 
965, 908 373, 449 
2, 470, 957 2, 517, 119 

106, 304 8, 
1,347, 766 1, 304, 665 
169, 37 162, 115 
279, 570 310, 341 
144, 358 156, 018 
676, 534 4719, 823 
434, 299, 794 | * 41, 364, 962 
1, 516, 939 1, 367, 874 
165, 379 239, 785 
432, 683 427. 023 
2, 440, 238 3, 975, 769 
359, 840 547, 223 
149, 101 259, 679 
1, 320, 681 581, 142 
26. 075 19, 360 
1, 719, 308 2, 401, 648 
1, 027, 774 1, 857, 946 
1, 026, 756 1, 381, 966 
725, 012 725, 012 
657, 844 847. 475 
645. 114 645, 114 
42,737 §1, 042 
104, 084 85, 292 
1,817,011 1, 975, 209 
175, 998 241, 287 
649, 955 651, 080 
1, 019, 937 1, 020, 113 
55, 192 76, 689 
145, 970 147, 670 
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TABLE 9.—Miscellaneous clay, including shale and slip clay sold or used by 
producers in the United States, by States—Continued 


Sold by producers Used by producers Total 
Year and State EME 
Short tons Value Short tons Value 
New Hampshire 29, 810 $29, 810 
New Jersey............... (1) (?) (2) 
New Mexico (2) (3) (2) Gu 
New Vork (2) (2) (3) (2 
North Carolina. hl 73 | 1,668, 915 
Ohl0. dar 157, 221 $198, 741 2, 490, 255 971, 086 
CITA O ÓN 797,072 
a 8 60, 000 90, 000 232, 529 250, 912 

Pennsylvania (2) (2) (2) (3) 
South Carolina 912, 247 867, 627 
South Dakota... eee ee 248, 921 248, 921 

enness ce (2) (2) (2) (2) 
C A (2) (2) (2) 3 
Virginia ,. A 1, 406, 201 1, 332, 165 
Washington (2) (2) (2) 
AAA EA A A 215, 497 228, 531 
Wisconsin 125. 632 130, 245 125, 632 130, 245 
Undistributed 3........... 403, 369 313, 042 | 10, 688, 259 | 15, 469, 936 1, 237, 598 1, 520, 277 

i! 916, 772 1, 035, 824 | 32,871,157 | 39, 227,174 | 33, 787, 929 40, 262, 998 


1 Includes Puerto Rico 1953-54. 
Included with ! Undistributed.'' 
3 Includes States indicated by footnote 2 and Alaska (1960), Delaware, District of Columbia, Florida, 
Hawal (1960), Maryland (1961), Nevada, North Dakota (1961), Utah (1961), Vermont, and W yoming. 
evised figure. 


CONSUMPTION AND USES—ALL CLAYS 


Of the total clay consumed in 1961, heavy clay products (building 
brick, structural tile, and sewer tile) accounted for 46 percent. The 
total tonnage and value of clays consumed decreased 3 percent. 

Some decreases for individual classifications were total refractories, 
20 percent; floor and wall tile, 19 percent; insecticides and fungicides, 
16 percent; pottery and stoneware, 10 percent; and exports, 8 percent. 
Some increases in consumption were: Absorbents, 61 percent; light- 
weight aggregate, 10 percent; paper coating, 9 percent; total filler, 3 
percent; rotary drilling mud, 3 percent; and whiteware, 2 percent. 

Refractories.—In 1961 manufacturers’ shipments of clay refractories 
amounted to $168 million, a 6-percent decline from the 1960 value. 
Almost all classifications of clay refractories registered decreases. 

Trends in the refractories industry were toward increased use of 
insulating firebrick in kiln and furnace construction; attention of 
manufacturers to supplying customer requirements for more and 
better technical E as evidenced by expansion of research 
facilities; improvement in purity of existing materials to satisfy 
higher temperature requirements of the steel and ceramic industries, 
rather than a search for new materials; improvements in abrasion 
and spalling resistance, of concern primarily to the cement and lime 
industries; and improvement in plastics and castables lines. Other 
features in increasing demand by various consumers are; more 
uniform surface textures, higher mechanical strength, lighter weight, 
more accurate dimensions. 
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A detailed account of the new H. K. Porter Co. basic refractory 
plant at Pascagoula, Miss., was published.“ 


TABLE 10.—Clay sold or used by producers in the United States in 1961, by kinds 


and uses 
(Short tons) 
Firo clay Miscel- 
Ball and Benton- | Ful- | laneous 
Use Kaolin | clay stone- ite ler’s clay Total 
ware earth | including 
clay slip clay 
Fosters end and Nong ale 
iteware, et es,, lar le 357, 142 
Btonewarer including chemical 
stone ware ʒꝛ—Jꝛ̃p Ill r EE 10, 642 28, 368 
Art baie flower pots, and 
lace si VF 6, 48585 6, 888 A 61, 813 75, 126 
Pots! ÉS 127, 845/235, 782 24. 554. 72, 455 460, 636 
Floor and wall tile 12. 225 92, 299 109, 052]... .....]......- 104, 769 318, 345 
Refractories 
Firebrick and block............. 241,855|....... rr 3, 592, 191 
Bauxite, high-alumina brick. g JJ ᷣ K IA 24,373 
Fire-clay MOPAR AAA A ER V 6, 880 84, 800 
Clay cruci bless loco... /// 31. 760 
Glass reſfractor ies / ᷣ K 3. 367 
Zinc retorts and condensers... s 46 ION EE A he 46, 119 
Foundries and steel works 461. 340 384. 182 7, 657 853, 179 
Saggers, pins, stilts, and w ads L1G A A ce 116, 042 
Other actories. .............. 78, 465) 44,522) 178, 3311... 27, 724 329, 042 
Total 2. eo see 320, 320| 44, 522| 4, 289, 588 384, 1822 42, 2611 5,080,873 
Heavy SE products: Building 
brick, g brick, drain tile, 
sewer pipe, Me kindred prod uets 49, 340 4, 150, 80222 17, 704, 263| 21, 904, 405 
Architectural terra cottaa 403313 incus 4, 033 
Lightweight aggregates... ll 6, 047,092} 6,047,092 
Piller 
Paper filling YE 74 A PRA IE nea KEE 577, 782 
SO NAS o T8 h au succum EE, c aes are mE SC 880, 000 
FCCCCCCCCCCCCCCC %% AA ME 327, 094 
Linoleum and oilclotbh. ll 6: UE, BEE ER 6, 400 
A et Lom f A PI h 8 54, 650 
Fert il izersg—— 222. 18, 36622 1, BOO !ͤ—! 4, 298 24. 464 
Insecticides and fungieides 26, A EE 34, 090/103, 536 164, 131 
Other flllers..................... 104, 688] 4, 600 8, 926 6171 4,397 4, 907 128, 135 
Total oe os ee ce ies 1, 989, 085| 4, 600 17, 126 34, 707/107, 933 9, 205] 2, 162, 656 
Portland and other hydraulic 
geen 009 0 14, 445|..........]..-...- 9, RRS, 258 9, 761, 772 
Miscellaneous: 
Filtering and declorizing (raw 
and activated earths): 
Mineral oils and greases 4 e 60, 845| 31, 807 92, 652 
M ren or animal oils and 
¡1 NEM NO ⁰⁰dy ; x AS 15,330| 1,303|........... 16, 633 
Other DEn and claritving.. . 4, 540 I 5, 252 
Rotary-drilling mud. ꝑ é 1, 382 413, 611) 61, 109 8, 900 485, 002 
Chemicals: occ escent 27,2034 e , Bit se 
Absorbent uses s 109, 836,191, 376 301, 212 
PS POPS ee a 95, 347 43, 813 28022 139, 440 
Other uses 108, 722; 18, 050 10, 685 240, 327] 27, 661 110, 720 516. 171 
ge A demiisEclskews4 231, 272| 18,050 80,117 888, 3021314, 248 119. 626 1,651,615 
Grani voral; 
S 2, 739, 816/444, 593) 8, 689. 717 1,307, 191 422, 181! 33, 737, 929 47. 291. 427 
no: Se Ee 2, 730, 451,444, 363, 9, 915, 372) 1, 268, SE SH Dei 299, Ser 49, 067, 111 


K Ee A A A EELER IT IIE TI SEIT 
! Revised figure. 


12 Trauffer, W. E. South's First Sea Water Magnesite Basic Refractory Plant. Pit 
and Quarry, v. 54, No. 2, August 1961, pp. 78—84, 89. 
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Details, complete with flowsheet, of the new plant of North Amer- 
ican Refractories Co. at Cleveland, Ohio, were presented.“ Officials 
of this company announced the acquisition of Ironton Fire Brick Co. 
of Ironton, Ohio. 

Kaiser Refractories and Chemicals Division, Kaiser Aluminum & 
Chemical Corp. completed its new technical center at Mexico, Mo., to 
be used to develop new or improved fire clay, silica, and alumina re- 
fractory brick and specialties. 

" ege Fire Clay Co. of Vermont set up a new plant at Gastonia, 

A $2.5 million expansion and modernization program at the H. K. 
Porter Co. refractories division’s Buckeye Works, Wellsville, Ohio, 
was completed. Improvements included a modern mechanized mine 
and modern tunnel kilns. 

New additions were announced by McDanel Refractory Porcelain 
1 of Beaver Falls, Pa., and American Clay Forming Co., Tyler, 

ex. 


TABLE 11.—Shipments of refractories in the United States, by kinds 


Shipments 


Unit of 1961 
Product quantity 


uan- Value 
ity (thou- 
sands) 


Ver Geiger 
ire- clay brick, standard and special | 1,000 9-inch 279, 315 $44, 966 
shapes, except superduty. equivalent. 
Buperduty fireclay brick and shapes e A 61, 885 17, 553 
High-alumina brick and shapes (50 per- do 1, 962 23, 346 10, 851 


cent AIO? and over) made substantially 
of calcined diaspore or bauxite.! 


Insulating firebrick and shapes............|..... d0......... ; : 39, 412 9, 834 
EI Eet aa T8 ; 187, 404 20, 925 
Sleeves, nozzles, runner brick and tuyeres..|..... do......... 32, 563 0, 814 
Glasshouse pots, tank blocks, feeder parts | Short ton 15, 681 4, 943 
and upper structure shapes used only for 
glass tanks.! 
Hot-top refractories. 4 :. do ; 75, 994 5, 187 
Clay- furniture, rad iant-heater ele- 65g, 345 5. 903 
ments, potters’ supplies, and ot her mis- 
cellaneous shaped refractory items. 
Refractory bonding mortars, air-setting | Short ton 49, 010 5. 779 
(wet and dry types). 
tory bonding mortars, except air- |.....do......... 9, 658 987 
setting types. 
Ground crude fire clay, high-alumina clay, |.....do......... 432, 757 5,573 
and silica fire clay.* 
Plastic refractories and ramming mixes 1. do : 138, 373 11, 407 
Castable refractories (hydraulic- setting). do d 99, 090 10, 250 
gend castable refractories (hydraulic- |.....do......... 2, 546 27, 312 2, 951 
setting). 
Other clay refractory materials sold in |..... 176, 330 4, 006 
lump or ground form.‘ 5 
Total clay refractories. ........... ele o wll 178, 886 168, 098 


— — — ——— | — — 
— —M——— —— — — — 


See footnotes at end of table. 


14 Brick and Clay Record. North America’s New Basic Plant. V. 139, No. 6, December 
1961, pp. 50-52, 56. 
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TABLE 11.—Shipments of refractories in the United States, by kinds—Continued 


Shipments 
Unit of 1960 1961 
Product quantity AA, HES 

uan- Value Quan- Value 

ty (thou- tity (thou- 

sands) sands) 

Nonclay refractories: 
Silica brick and shapes 1,000 ee : 183,297 | $39,069 | 145,027 $29, 043 
equiv e 

Magnesite and magnesite-chrome (mag- 1 48 52, 815 45, 493 61, 659 52, 090 


nesite predominating) brick and shapes 
(excluding molten-cast). 

Chrome and chrome-magnesite (chrome e Lo SE 44, 330 35, 742 41, 248 32, 367 
ore predominating) brick and shapes 
(excluding molten-cast). 

Graphite crucibles, retorts, stopper heads, | Short ton 11, 360 8, 785 11, 939 8, 865 
and other shaped refractories, excluding 
those containing natural graphite. 


Mullite brick and shapes made predom- | 1,000 9-inch 5, 559 6, 748 4, 634 5, 768 
inantly of kyanite, sillimanite, andalu- equivalent. 
site or synthetic mullite (excluding 
molten-cast). 

Extra-high alumina brick and shapes made A 3, 134 4, 937 8, 230 5, 580 


predominantly of fused bauxite, fused or 
dense-sintero alumina (excluding 


molten-cast). 

Silicon carbide brick and shapes made |..... do......... 3, 091 9, 389 3,780 8, 781 
substantially of silicon carbide. 

Zircon and zirconia brick and shapes made |..... do 1. 150 4. 510 844 3, 386 
F of either of these mater- 
ials. 

Forsterite, . molten- cast, and —- 23, 237 O 21, 685 
other nonclay brick and shapes. 

Nonclay refractory bonding mortars, air- | Short ton 99, 680 10,816 | 146, 744 14, 634 
setting (wet and dry types). 

Nonclay refractory bonding mortars, ex- |..... dO. uos 14, 039 1, 202 18,311 1, 157 
cept air-setting types. 

EL TRADE castables (hydraulic- |..... do......... 7, 789 1, 105 12, 362 1, 752 
setting). 

Nonclay plastic refractories and ramming |..... do.........| 156, 986 18,967 | 194, 270 21, 066 
mixes (wet and dry types). 

Dead-burned magnesia or magnesite.t___._|..... dO... 138, 143 8, 367 155, 307 9, 615 

Carbon refractories; brick, blocks, and |..... d0. es 
shapes excluding those containing nat- 
ural graphite. 208, 302 16, 223 158, 264 12, 816 

Other nonclay gunning mixes do......... 

Other nonclay refractory materials sold inn do. 
lump or ground form.* 
Total nonclay refractories : .. Lc L]..... l.l. 234.650 |.......... 229, 205 
Grand total refractoriesg—ꝛꝛzꝛrꝛꝛk 413, 486 |.......... 397, 303 


1 Excludes data for mullite or extra-high alumina refractories. These products are included with mullite 
and extra-high alumina brick and shapes in the nonclay refractories section. 

3 Revised figure. 

3 Includes data for bonding mortars which contain up to 60 percent Alz O,, dry basis. Bonding mortars 
which contain more than 60 percent A1;:0; dry basis are included in the nonclay refractories section. 

4 Represents only shipments by establishments classified in “manufacturing” industries, and excludes 
shipments to refractory producers for the manufacture of brick and other refractories. 

Includes data for calcined clay, ground brick, and siliceous and other gunning mixes. 


Bource: Bureau of the Census. 


Heavy Clay Products.— For the second successive year, the clay-indus- 
try market was slow during the first half and picked up towards the 
end of the year. In 1961, the overall decline was 6 percent in total 
quantity of all clays consumed. In contrast, the value of construc- 
tion in 1961 increased over that of 1960, indicating competition among 
heavy clay products and alternate materials. However, the 6 percent 
decrease of clays reported used in the heavy clay industry did not 
represent that much loss in the construction industries. The com- 
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bined use of clays in heavy clay products, lightweight aggregate, 
and cement was only 1 percent less than in 1960. The fact that over 
50 percent of the heavy clay product plants in the United States made 
improvements or expansions or announced their intention of doing 
so, attested to the health of, and confidence within, the industry. 

Trends were to larger sizes of brick, tile, and panels; increased use 
of glazed tile; and increased automation of plant operations. Con- 
siderable research was conducted on clay-bonded block manufactur- 
ing techniques. Use of lightweight aggregate made from expanded 
clay and shale continued to increase. A number of mergers took 
place during 1961. 

A study was conducted on shipping problems, covering common 
carriers, contract haulers, and company-owned fleets, and reasons for 
choice in various regions were presented.“ 

An account, including plant layout, was given of the vitrified clay 
sewer pipe operation of Pacific Clay Products at Corona, Calif., pro- 
ducer of pipe sizes up to 42 inches in diameter.“ The new, modern 
clay-pipe plant of W. S. Dickey Clay Manufacturing Co. at Bessemer, 
Fla. went into operation and its facilities were described.“ Another 
new, highly automated, clay-pipe plant was put into production at 
Ocala la., by United States Concrete Pipe Go. Operations at this 
$3 million plant were described.!“ American Vitrified Products Co. 
attained increased production and cost reduction with new automated 

uipment in its clay-pipe plant at Somerville, N.J.1? 

he new brick plant of Gleason Clay Products Co. at Gleason, 
Tenn., was described in detail. This plant produced more than 20 
different types and blends of brick and was capable of producing 
50,000 bricks a day with a total employment of 33 men.” Other new 
heavy clay products plants 5 and in operation were a brick 
plant by Delta Brick & Tile Co., Inc., at Macon, Miss: a éd 
lant m Kensington, Conn., primarily for flower pots, by Keller- 
Whilldin Pottery Co: and a brick plant in Malvern, Árk., with a 
capacity of 20 million brick annually, by Acme Brick Co. 

Stark Ceramics, Inc., Canton, Ohio, completed an expansion pro- 
gram designed to increase production of lightweight glazed structural 
units to 14,000 tons monthly. The new facilities were described.?“ 

Other expansion programs completed were a new plant at Newell 
W. Va., by Globe Brick Co. of East Liverpool, Ohio; installation of 
new brick-making machinery capable of extruding a column of clay 
at the rate of 16,000 brick an hour, in the Denver, Colo., plant of 
Robinson Brick & Tile Co., and installation of facilities for increas- 
ing production by 36 million brick a year by The Georgia-Carolina 
Brick and Tile Co., of Augusta, Ga. 


1901 and SAT Record. How Does Clay Industry Ship. V. 139, No. 5, November 
i ¿e briek 2.64.8 een Pacific Clay Pioneers Pipe Progress. V. 138, No. 3, March 
à 2 enilders, E 8. GEES Your Plant—W. S. Dickey Did. Ceram. Age, v. 77, No. 4, 
5 and Clay Record. Clay Pipe Joins Florida Boom. V. 139, No. 1, July 1961, 

x es Age. Amoit Builds for Increased Efficiency. V. 77, No. 8, August 1961, 


. 25, 27. 
5b, Brick and Clay Record. Gleason. Tennessee. V. 138, No. 5, May 1961. pp. 40-42, 56. 
a 3 and Clay Record, New Facilities for the Future. V. 139, No. 6. December 1961. 


pp. 4 
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Rockford Brick and Tile Co., Rockford, Iowa, Dixie Brick, Inc., 
Natchitocher, La., and Elgin Standard Brick Manufacturing Co., 
Austin, Tex., were expanding their pns to increase production. 

A number of other plants throughout the country, manufacturing 
brick, pipe, and tile, announced plans for expansion; and others 
modernized existing plants for more economical operation. 

Some clay products plants, shut for various periods of time, resumed 
production or were being renovated for reopening. 

Some of the many mergers that took place in the clay products 
industry were: Stylon Corp., Milford, Mass., producer of ceramic 
tile, acquired the Cal-Mar Tile Manufacturing Co. plant at Salt Lake 
City, Utah; Thermal Ceramics Industries, Inc., Denver, Colo., pur- 
chased Brazil Hollow Brick & Tile Co., Brazil, Ind., and renamed the 
firm Denver Fire Clay Co. of Indiana, Inc.; Sylvan Ceramic, Inc., 
Pasadena, Calif., purchased the Stockton plant of Laurel Potteries 
of Calif.; Gladdin , McBean & Co., Los Angeles, Calif., acquired 
Harrisville Brick Co., Ogden, Utah; Texstar Corp., San Antonio, 
Tex., acquired Desert Ceramic Corp., Albuquerque, N.M.; Acme Brick 
Co., Fort Worth, Tex., purchased all assets of Fraser Brick $ Tile 
Co., Sequin, Tex.; Mississippi Industries acquired Atlas Tile and 
Brick Co., Shuqualak, Miss.; and Jackson Sand Mining Co., Jackson, 
Ohio, assumed control of McArthur Brick Co., McArthur, Ohio. 

A number of articles described the operations of expanded clay or 
shale lightweight aggregate operations.“ 

Another article described the conversion of a burned-down brick 
plant into a lightweight aggregate producing operation.” 

A number of companies were constructing plants to produce light- 
weight aggregate from expanded clay and shale with production 
expected to commence in 1962. They were Susquehanna- Western, 
Inc. a subsidiary of The ADDE Corp. of Chicago, to produce 
apere te from expanded shale by rotary kiln, near Clemente, Calif.; 

ew York Trap Rock Corp., through a subsidiary company, to produce 
976 ht ige at the rate of 500,000 cubic yards a year, at 
Ulster, N. V.; Buildex. Inc., Ottawa, Kans., to produce expanded shale 
aggregate by the rotary-kiln method at the company’s second plant 
near Marquette, Kans.; The Idealite Co., to produce a coated type o 
expanded shale aggregate, near Golden, Colo.; and the Hudson Valley 
Lightweight Aggregate Corporation, to produce aggregate by the 
rotary-kiln method, at Saugerties, N.Y 

Other plants were planned by Waco Aggregate Co. at Waco, Tex.; 
Baukol-Noona, Inc., at Mandon, N.D.; and Masslite, Inc., at Plaine- 
ville, Mass. 

The country’s first clay-block plant was completed and put into 
operation 10 miles west of Statesville, N.C. 


i J. H. Rocklite Celebrates 20th Birthday. Rock Products, v. 64, No. 7, 
July 1961, pp. 64-65, 117. Herod, B. C. North Central Lightweight Aggregate Co. Pit 
an Quarry. v. 53, No. 10, April 1961, pp. 144-147, 150-151. 

Herod, B. C. Veteran Haydite Operation Meets Market Challenge. Pit and Quarry, 
v. 54, No. 5, November 1961, p 
3 Brick and Clay Record. 
No. 6, June 1961, pp. 66-67, 78 


D 90-93, 95. 
Convert It to Lightweight Aggregate Operation. V. 138, 
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TABLE 12.—Shipments of principal structural clay products in the United States 


Shipments 
Product Unit of quantity 1960 
Quantity 

Unglazed brick (building) 1,000 standard brick...| 6,502,200 ; 6, 427, 600 
Unglazed structural tile Short tons 200 476, 000 
MC renes clay sewer pipe and |..... dO. oe y 1, 854, 500 1, 749, 000 

tings. 
Facing tile, ceramic glazed, in- | 1,000-brick equivalent. 369, 500 

cluding glazed brick. 

Facing tile, unglazed and salt | 1,000-tile, 8 by 5- by 12, 300 

azed. 12-inch, equivalent. 
Clay floor and wall tile and ac- | 1,000 square feet....... 233, 000 


ue including quarry 
e. 


VOU BEE VE, 8 


Source: Bureau of the Census, U.S. Department of Commerce. 


WORLD REVIEW 
NORTH AMERICA 


Canada. Reviews of bentonite, clays and clay procu and light- 
weight aggregates 7° in Canada in 1960 were published. The occur- 
rence, use, and export-import information on bentonite, miscellaneous 
clay s shale, stoneware clay, fire clay, ball clay, and kaolin were 
reported. 

A third producer of bentonite, Baroid of Canada, Ltd., began 
operations at Onoway, Alberta, in 1960. This rapidly expanding local 
industry lowered the need for imported U.S. activated clays to 5,878 
tons in 1960, in spite of Canada’s growing needs. The value of clay 
products made in Canada from domestic and imported clays during 
1960 was Can$63.1 million, a decline of 5 percent from the 1959 re- 
vised figure of Can$66.5 million. Production from domestic clays 
showed a corresponding 6-percent decrease from the 1959 revised 
figure of Can$42.5 million. The value of domestic clays including 
bentonite, not used in clay products, increased significantly to Can$1 
million in 1960. 

The value of imports of clay and clay products was Can$42.4 mil- 
lion, a slight decrease, and of exports Can million, about the same 
as in 1959. 

A number of new clay-mining operations were started during 1960. 

Although the total value of construction in Canada in 1960 was 3 
percent less than in 1959 and production of all lightweight aggregate 
was about the same, there was a 25-percent increase in expanded clay 
and shale aggregate, to 363,600 cubic yards valued at Can$2 million. 


* Ross, J. S. Bentonite, 1960. Dept. of Mines and Tech. Surveys, Ottawa, Canada, 
Rev. 33, May 1961, 5 pp. 

Sen . G. ays and Clay Products, 1960. Dept. of Mines and Tech. Surveys, 
Ottawa, Canada, Rev. 35, July 1961, 10 p 


t p. 
* Wilson, H. S. Lightweight Aggregates, 1960, Preliminary. Dept. of Mines and Tech. 
Surveys, Ottawa, Canada, Rev. 29, May 1961, 5 pp. 
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Hoganar of Canada, a new company, was established to manu- 
facture tile, brick, glazed pipe, and other materials. National Sewer 
Pipe, Ltd., Oakville, Ontario, announced that it would manufacture 
ceramic glazed structural tile and glazed brick not previously pro- 
duced in Canada. 

A revised list of ceramic plants in Canada appeared. Included 
was information on location, management, kind and source of raw 
materials used, processes, number and types of kilns, fuel used, prod- 
ucts, and plant capacity. Information included data received up to 
July 1, 1961.7" 

SOUTH AMERICA 


Chile. Production of clay for ceramic and refractory use amounted 
to 33,060 short tons, and of kaolin, 9,367 tons.” 

Peru. Production of clay for building brick in 1960 totaled 244,402 
short tons valued at US$490,112. Production of clay for refractories 
was 3,850 tons valued at US$13,016.? 

Uruguay.—In 1961, production of common clay amounted to 17,684 
short tons, and of refractory clay, 73, 119 tons.“ 


EUROPE 


Austria. Output of kaolin in 1961 was 378, 969 short tons. Bentonite 
totaled 3,950 tons; common clay, 54, 266 tons; and clay sand, 62, 478 
tons.“ 

Italy. Kaolin output in 1961 amounted to 48,486 short tons and that 
of bentonite was 144, 509 tons.“ 

Portugal.— During the first 4 months of 1961, production of kaolin 
was 8,300 short tons, of which 77 percent was exported.** 

U.S.S.R.—It was reported that 2 million tons of kaolin was produced 
in 1960, mostly from the Ukraine, and that double this quantity was 
required to satisfy growing needs, especially in the paper industry.“ 

United Kingdom.—Production of fire clay in Northern Ireland in 
1961 amounted to 19,975 short tons with a value of US$57,338; com- 
mon clay output was 223,836 tons valued at US$137,038.55 

Yugoslavia.—Production of fire clay in 1961 was 132,877 short tons 
valued at US$2,014,000; bentonite production was 19,836 tons valued 
at US$540,000. Some poor grade kaolin was produced, but data on 
it were not available.“ 


5 of Mines and Technical Surveys, Ottawa. Ceramic Plants in Canada. 

Ind. Min. Div. Operators List 6, July 1961, 39 pp. 

22 U.S. Embassy, Santiago, Chile. State Department Dispatch 645. Apr. 17, 1962, p. 2. 
* Bureau of Mines. Mineral Trade Notes. V. 53, No. 3, September 1961, p. 10. 
U.S. Embassy, Montevideo, Uruguay. State Department Dispatch 555, Apr. 2, 

1962, p. 1. 

s US. Embassy, Vienna, Austria. State Department Dispatch 910. Apr. 11, 1962, 
. 1-2. 

PPa US. Embassy, Rome, Italy. State Department Dispatch 851. May 4, 1962, p. 4. 

33 Mining Journal (London). Portugal's Mining Statistics. V. 257, No. 6571, July 28, 

1061, p. 09. 

“Mining Journal (London). Mineral Resources Development in U.S.S.R.—II. V. 257, 

No. 6571, July 28, 1961, pp. 93-94. 

3 U.S, Consulate, Belfast, Ireland. State Department Dispatch 78. Apr. 26, 1962, p. 1. 
* T Embassy, Belgrude, Yugoslavia. State Department Dispatch 647. Apr. 16, 1962, 
pp. 1—2. 
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ASIA 


Hong Kong.—Production of kaolin amounted to 7,463 short tons in 
1960 compared with 8,137 tons in 1959.37 

India.—It was announced that the U.S.S.R. would grant credit for 
construction of a refractories plant near Bhilai, Central India, for 
production of fire clay and other refractory products.*? 

Japan.—In 1961 Japan produced 33,659 short tons of kaolin and 
1,105,929 tons of fire clay. These figures represented increases of 44 
percent and 21 percent, respectively, over 1960 production.*? 

Korea, Republic of. —Kaolin production was 56,397 short tons valued 
at US$708,605 in 1961.*° 

Malaya, Federation of.—Kaolin production in 1961 was 1,760 short 
tons valued at US$35,540.* 

Pakistan.— Production of fire clay was 18,000 short tons valued at 
US$67,525 in 1960. Seventy tons of china clay was produced for 
experimental purposes, in the vicinity of Bijaipeur in East Pakistan. 
55 tests were made on this clay by the Ceramics Institute at 

cca.t? 

Philippines.—A detailed account of the geology, exploration, mining, 
and processing of a recently investigated deposit of ball clay was 
presented.“ 

Taiwan. Production of clay and values by uses for 1961 were re- 
ported as follows: 


Use: Short tons Value 
Cement 998,059 $51,740 
Paper industry__.-..---------------------- 3, 306 30, 000 
j ⁵ eee cewek 551,000 125, 000 
Ceramics and pottery—————— 44,080 265, 000 

AFRICA 


Algeria.—In 1961 fuller’s earth production increased 17 percent over 
that of 1960 to 128,301 short tons.** 

Libya.—Eleven million building brick, valued at US$554,400 was 
produced in 1961.** 

Morocco.—Production of fuller's earth (smectite and ghassoul) to- 
taled 45,647 short tons, valued at US$208,498 in 1960. Over 50 per- 
cent of the output was exported to Algeria, France, and Spain.“ 

Rhodesia and Nyasaland, Federation of —Output of kaolin in Southern 
Rhodesia more than tripled in 1961 to 20,386 short tons valued at 


A RE Journal (London). The Mineral Deposits of Hong Kong. V. 267, No. 6579, 
ept. 22, . p. : 
5 VE Age (London). Rouble Credit for Indian Project. V. 85, No. 2172, Feb. 25, 


1961, p. 330. 
s» UR Embassy, Tokyo, Japan. State Department Dispatch 820. Apr. 4, 1962, p. 2. 
1 U.S. Embassy, Seoul, Korea. State Department Dispatch 413. May 14, 1962, p. 1. 
1532 A ans Kuala Lumpur, Malaya. State Department Dispatch 321. May 16, 
AN p. 1. 
4 Bureau of Mines. Mineral Trade Notes. V. 53, No. 1, July 1961, pp. 12-14. 
9 Viloria, R. L. The Ball Clay of EE Camarines Sur. Min. Newsletter (Philip- 


8. Department Dispatch 427. May 2, 1962, pp. 
æ U.S. Consulate, Algiers, Algeria. State Department Dispatch 282. May 17, 1955. 
“U.S. Embassy, Tripoli, Libya. State Department Dispatch 301. A 1962, 


5-6. 
p. 1. 
pr. 2 p. 1. 

* Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, pp. 10-11. 
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US$14,109. Fire clay production was 16,138 tons valued at 
US$21,473.* 

Uganda.—Koki Kaolin Mines and Manufacturers were hoping to in- 
terest foreign capital to exploit what is reportedly the only kaolin 
mine in the country.“ 

Union of South Africa.—Reported sales of clay in 1961 were as fol- 
lows: Fuller's earth, 740 short tons valued at US$3,080, and kaolin, 
27,001 tons valued at US$147,794.°° 


OCEANIA 


Australia.—It was announced that Swindell-Dressler Corp. would 
construct a US$2.5 million brick plant near Sydney, with a capacity 
of 82 million brick a year.“ 

Two U.S. refractories manufacturers, Harbison-Walker Refrac- 
tories Co., and The Carborundum Co. were reported to have formed 
associations with local companies to manufacture fire brick and as- 
sociated products.*? 

Universal Milling Co. registered a claim of over 45 acres near Cool- 

ardie, said to contain the only known deposit of halloysite in 


ustralia.5 
TECHNOLOGY 


A bulletin on Colorado clays was published, including some basic 
information on clays, geology, occurrence, clay testing, physical and 


chemical properties, firing properties, uses, statistica] data, and 
potential.“ 


The American Petroleum Institute published a supplement to the 
reference clay minerals studies, presenting revised X-ray diffraction 
information based on the original specimens.“ 

The evolution of methods of analysis of clay and possible future 
rapid-technique developments were discussed.“ 

A method for rapid identification of clay minerals in natural clays 
or in artificial aggregates, based on certain physical properties of 
clay minerals and clay aggregates in the presence of polar liquids, 
was described.* Other work was conducted on the density separa- 
tion of clay minerals in thallous formate solutions in an effort to 
develop a method of quantitative analysis.“ 


* U.S. Consulate, Johannesburg, Union of South Africa. State Department Dispatch 
431. Apr. 26. 1962, p. 1. 


19 n Commerce Weekly. Uganda Seeks Kaolin Mine Capital. V. 66, No. 21. Nov. 20, 


e 20. 

> UN Consulate, Johannesburg, Union of South Africa. State Department Dispatch 
390. Mar. 14, 1962, p: 2. 
18 Ang Slay ecord. To Build Australian Brick Plant. V. 131, No. 1, January 

11, pp. 36, 48. 

8 U S. Consulate, Sydney, Australia. State Department Dispatch 241. Feb. 7, 1962, p. 1. 
S E SE (Melbourne). Unique Mineral Clay Found. V. 117, No. 2926, 
pr. 20, 61, p. 26. 
B jl. Parke O. Colorado Clay. Colorado Sch. Mines Miner. Ind. Bull, v. 4, 
ulv 1561, pp. 

8 Molloy, M. W., and P. F. Kerr. Diffractometer of A.P.I. Reference Clay Minerals. 
Am. Mineral, v. 46. Nos. 5-6, May-June 1961, pp. 5 9. 

4 Bennett, H The Chemical Analysis of Clay—Today and Tomorrow. Trans. Brit. 
Ceram. Soc., v. 60, No. 3, March 1961. pp. 165-176. 

8 Konta, J. Imbibometry—A New Method for the Investigation of Clays. Am. Mineral., 
v. 48, Nos. 3-4, March-April 1961, pp. 289-303. 

5 Klttrick, J. A. The Density $ E of Clay Minerals in Thallous Formate Solu- 
tions. Am. Mineral., v. 46, Nos. , May—June 1961, pp. 744-747. 
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The results of experimental studies to determine the effect of nat- 
ural water in clay, prior to men and forming, and water content 
versus forming pressure were published.“ 

Clarification of the advantages, processing methods, and results of 
using calcined clay was presented. 

A comprehensive paper describing the electric charges of clays 
appeared. 

ork was conducted on developing standards for the quantitative 
determination of kaolinites by X-ray diffraction. The scope of the 
uantitative determination of the constituents of kaolins and other 
clays was discussed. The internal standard method was reported to 
be the most reliable.** 

Experiments were conducted on low-temperature synthesis of 
kaolin minerals.“ A study was made on the flow and failure of re- 
fractories using kaolin and controlled variables of composition, 
temperature, and stress.“ 

Other kaolin research was conducted on fluidification,* differential 
thermal curves,“ and exothermic reactions.“ 

Results of a study to show the effect of soluble salts on the casting 
properties of ball clays were presented.“ 

An extensive report, with many diagrams, presenting chemical, 
cation exchange, differential thermal, infrared, and optical data on 
40 samples of the montmorillonite group of clay minerals was 
published.“ 

The properties of molding sands (sand-bentonite-water- air), green, 
dry, and at high temperatures are governed by intergranular bond, 
properties and surface area of the aggregate, particle size and pack- 
ing, and number and size of voids, according to a well-illustrated 
article.” 

Information on the use of bentonite as a fire retardant and in 
foundation engineering appeared.“ 


® Ekedahl, Charles Influence of Water and Pressure on the Forming of Clay Bodies. 
Ceram. Age, v. 77, No. 5, May 1961, pp. 28-30, 32-33. 
* Brick and Clay Record. Calcíning Cuts Density, Maintains Brick Strength. V. 138, 
No. 2, February 1961, pp. 46—47. 
1961 nenen, s H, | Hlectric Charges of Clays. Chem. and Ind. (London), No. 43, Oct. 28, 
. pp. E: e 
€? Brindley, G. W., and Sari 8. pcr Quantitative Determination of Kaolinite by 
. Am. Mineral., v. „ Nos. 11-12, November-December 1961, pp. 
9 Welgmann, J., and Z. Krans. A Contribution to the Quantitative Analysis of Clays, 
1 and Similar Minerals by X-Ray Methods. Ber. dtsch. keram.. v. 38, No. 7, July 
. Pp. : 
“Brindley, G. W., and C. De Kimpe. Attempted Low-Temperature Syntheses of Kaolin 
Minerals. Nature, v. 190, No. 4772, January 1961, p. 254. 


High Temperatures. Am. Ceram. Soc. Bull. v. 40, No. 7, July 1961, pp. 426-431. 
Czerch, W. K. Fruhauf, and V. Hofmann. Causes of the Fluidification of Kaolin. 
Ber. dtsch. keram., v. 37, No. 6, June 1960, pp. 255-265 ; Building Sci. Abs., v. 83, No. 12, 
December 19900, PP, 361—308. 

. J. W. Effect of Dilution on the Shape of Differential Thermal 
Curves of Kaolinite. Trans. Brit. Ceram. Soc., v. 60, No. 3, March 1961, pp. 177-189; 
Building Sci. Abs., v. 34, No. 9, September 1961, p. 257. 

Freund, F. Explanation of the Exothermic Reaction of Kaolinite as a Reaction of 
the Active State. Ber. deut. keram., v. 87, No. 5, May 1960, pp. 209-218; J. Am. Ceram. 
. V. 44, No. 8, August 1961, p. 188. 
es Phelps, G. W. Soluble Salts. Ceram. Ind., v. 76, No. 3, March 1961, pp. 68—69. 
© Grim, R. E., and Kulbickl. Montmorlllonite- High Temperature Reactions and Clas- 
sification. Am. Mineral, v. 40, Nos. 11-12, November-December 1961, RP. 5 

oundry, v. 89, 


67. 
emical Trade Journal and Chemical E (London). Bentonite as a Fire Re- 
tardant. V. 149, No. 3877, Sept. 22, 1961, p. 628. 
3 Schweiz Bauztg. Bentonite in Foundation Engineering. V. 78, No. 19, 1960, pp. 
813-815 ; Bldg. Sci. Aba., v. 34, No. 4, April 1961, p. 117. 
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The optimum conditions for the best results in pelletizing iron ore, 
and the functions of bentonite in the process, were explained.“ An- 
other article described the operation of pelletizing iron concentrate 
by mixing reground material with bentonite with the use of a grate- 
kiln process.“ 

Research on improving blast furnace coke quality with special refer- 
ence to the effect of bentonite was conducted. 

The Bureau of Mines published a report on the first phase of re- 
search work aimed at developing economical methods o upgrading 
refractory clays by removing excessive quartz, pyrite, and other 
impurities.” 

ata were presented on the use of ion-exchange analysis as a rapid 
and accurate method for the determination of alumina and alkali 
oxide impurities in fire-clay materials.“ 

A new process for making insulating firebrick, consisting of mix- 
ing fire clav, kaolin, sawdust, and grog and firing in slabs 26 by 10 by 
3 inches was developed. Brick were cut from the fired slabs.”® 

Laboratory tests showed that the physical and mechanical properties 
of basic brick varied widely with di ferences in processing, and the best 
results were obtained for a narrow range of bond water content at 
maximum pressure.“ 

Articles discussed the technical aspects of insulating firebrick.*! 

An abrassive test for refractory brick was developed. The appara- 
tus and procedure were described, and data were given for fireclay, and 
high-alumina, silica, and basic refractory brick.” 

Articles described how automatic blending of raw materials im- 
proved structural clay products.* 

A glossary of terms relating to structural clay products and tech- 
nical notes on manufacturing structural clay products * were among 
the releases of the Structural Clay Products Institute. 

Data were presented on a study of the bloating mechanism in pro- 
ducing pellets with central cavities and a strong porous wall by a con- 


„ Mining World. Sephon Sizers Reduce Silica—Improve Green Pellets for Harder 
Firing. V. 12, No. 2, February 1961, pp. 22-23. 

755 Urich, D. M. Pelletizing Humboldt's Iron Concentrate by Grate-Kiln Process. Mining 
World, v. 23, No. 11, October 1961, pp. 16-21. 

16 Gregory, J. A. Research into Methods of Improving Blast Furnace Coke Quality. 
Blast Furnace € Steel Plant, v. 45, No. 5, May 1961, pp. 426-431. 

™ Calhoun, W. A., and H. E. Powell. Removing Quartz and Other Impurities from 
Refractory Clays by Mineral Dressing Methods. Bu Mines, Rept. of Inv. 5754, 1961, 22 pp. 

18 Osborn, W. O. Separate Determination of Aluminum and of Lithium, Sodium, and 
Potassium in Fire-Clay and Silica Raw Materials and Refractories by Cation-Exchange 
Chromatography. J. Am. Ceram. Soc., v. 44, No. 11, Nov. 1, 1961, pp. 527-532. 

1% Brick and Clay Record. Johns-Manville Firebrick Are Different. V. 138, No. 5, 
May 1961, pp. 48-50, 58, 60, 62-63. 

9 Burner, G. R., and D. H. Hubble. Effect of Some Processing Variables in Basic- 
Brick Manufacture. Am. Ceram. Soc. Bull., v. 40, No. 11, Nov. 15, 1961, pp. 698-701. 

53! McCullough, J. D., and E. B. Suddarth. How Insulating Firebrick Affect your Shuttle 
Kiln. Brick and Clay Record, v. 139, No. 2, August 1961. pp. 48-50, 53, 55. Ceramic 
Industry. A Design That Delivers Profit. V. 76, No. 2, February 1961, pp. 30-81. 

331 Reid. D. R., and Edwin Ruh. Abrasion Resistance of Refractories. m. Ceram. Soc. 
Bull.. v. 40, No. 7, July 1961, pp. 452-455. 

98? Russell, Dan R. Automatic Batching, Modernization Program Means Progress at 
General-Hocking Brick. Ceram. Age, v. 77, No. 7, July 1961, pp. 20-22. 

Oesch. R. B. Blending of Materiala for Structural Clay Products by Continuous 
Weighing. Am. Ceram. Soc. Bull., v. 40, No. 12, December 1961, pp. 735-737. 

* Structural Clay Products Institute. Technical Notes, Glossary of Terms Relating to 
Structural Clav Products. No. 2, February 1961, 4 pP. 

Structural Clay Products Institute. Technical Notes, Manufacturing Structural Clay 
Products. No. 9, September 1961, 4 pp. 
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trolled preheating to 550° to 600° C and a second flash-firing at about 
1,2509 Ca 

Studies showed that the most common gas-producing reaction in 
the production of lightweight aggregate from clays and shales was 
the reduction of iron oxide to the ferrous state.“ 

The introduction of tube coolers in a clay lightweight-aggregate 
plant was expected to increase efficiency and conserve space.“ 

Freezing and thawing tests were conducted on concrete made from 
a number of lightweight aggregates, and the collected data were 
presented. 

Clay-bonded block received much attention in 1961. Technical 
aspects, including types of aggregates, forming process, firing, and 
glazing, were discussed at a meeting of clay and concrete block indus- 
try representatives from the United States, Canada, and Mexico.*? 

The Structural Clay Products Research Foundation released in- 
formation on the production of 8- by 8- by 16-inch clay.?? 

A number of other articles on clay-bonded block covering aggre- 
gates,” formation on concrete block machines,” firing schedule,“ and 
other background information appeared.“ 

Studies showed that when dried brick is stored too long under 
fluctuating atmospheric conditions before firing an inferior product 
results.?5 

Equilibrium conditions in matured brick were studied in an attempt 
to determine proper firing cycles for producing better finished 
products.?** 

An investigation of hot-pressing techniques to attain dense bodies, 
with low water absorption and zero thermal expansion was reported.“ 

The operation of a newly installed shuttle-kiln showed how a brick 
plant could modernize and lower operating expenses at low cost.” 

It was shown that it is possible to eliminate large losses in fired 
ware by a systematic method of testing wet ware at the off-bearing 
belt, as well as dry unfired ware.” 


$5 Slamboliev, Hristo. Production of Hollow Lightweight Aggregate by Controlled Pre- 
heating. J. Am. Ceram. Soc., v. 44, No. 12, Dec. 1, 1961, pp. 577-583. 
æ Hill, R. D., and D. N. Crook. Some Causes of Bloating in Expanded Clay and Shale 


Aggre ates, Australian J. Appl. Sci., v. 2, No. 3, September 1960, pp. 374—384. 
1907 ning Engineering. Tube Coolers for Lightweight Aggregates. V. 13, No. 5, May 


1, p. 438. 
ss Kileger, Paul, and J. A. Hannon. Freezing and Thawing Tests of Lightweight Aggre- 
gate Concrete. J. Am. Concrete Inst., v. 32, No. 7, July 1961, pp. 779-796. 

5 Brick and Clay Record. Clay Block Comes of Age. V. 138, No. 4, April 1961, pp. 
75-79, 122, 124, 126, 131 

* Brick and Clay Record. Research Shifts into High. V. 139, No. 2, August 1961, 


pp. 4245, 
% Robinson, C. G. Use These A gates in Making Clay Block. Brick and Clay Rec- 


ord, v. 138, No. 5, May NOT PP 51-52. 
® Robinson, C. G. Clay Block on Concrete Block Machines. Brick and Clay Record, 


v. 139, No. 6, December 1961, pp. 4 : 
*3 Moffitt, Hoy B. Determine Firin coe of Ceramic Block. Brick and Clay Record, 
o 


v. 139, No. 5, November 1961, pp. 6 , 83. 
™ Moffitt, Roy B. Why Not Call it Ceramic Block. Brick and Clay Record, v. 139, 


No. 2, August 1901; pp: 3840, 62. 
es Anwyl, Robert H. Deterioration of Dried Brick. Am. Ceram. Soc. Bull., v. 40, No. 6, 


June 1961, pp. 359-381. 
os Hedges, P. E. Crystalline and Glassy Phaser in Commercially Fired Brick. Am. 


Ceram. Soc. Bull., v. 40, No. 6, June 1961, pp. 371-377. 
* Weiss, David, and W. J. Knapp. ot-Pressing a Simple Petalite-Clay Body. Am. 


Ceram. Soc. Bull., v. 40, No. 2, February 1961, pp. 66—67. 
* Brick and Clay Record. Modernize at Low Cost with New Envelope Kiln. V. 138, 


No. 6. June 1961, pp. 64-65, 96. 
* Hough, Carlton. H. Put a Number = Quality—at the Machine. Am. Ceram. Soc. 


Bull., e 40, No. 3, March 1961, pp. 117-121. 
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Some problems in maintaining heat balance in firing of tunnel 
kilns,* and down draft kilns? were discussed and diagnosed. 
A roller conveyor tunnel kiln was designed and a scale model built 
in the laboratories of the State University of New York College of 
Ceramics at Alfred University. It was intended for the continuous, 
automatic production of structural clay products, and operated at 
1,800? to 2,400° F. 

An article presented some of the principles, problems, and possible 
remedies in attaining rapid tunnel-kiln firing without losing the effects 
of uniform heating.“ 

Ceramic 8 was conducted on cutting the firing time for floor 
and wall tile to 1 hour.’ 

A new clay quarry tile only 54,-inch thick was produced in both 
rectangular and contoured shapes.* 

A new packaging machine effected a 20-percent saving in labor and 
lowered the amount of brick chippage.“ 

A patent was issued on a process for separating clays into Se 5 
size fractions by subjecting an aqueous solution of clay and defloccu- 
lant to a sedimentation dee several hundred times the force of 
gravity. Another method of fractionation of kaolin, to produce 
paper coating clay, was patented.? , 

atents were issued on new methods of producing activated kaolin 
by dry processes. 

Other patents were obtained on methods and equipment for bleach- 
ing,” flocculating, n filtering,” and extracting !* kaolin suitable for 
paper coating and other special uses. l 

atents were issued on methods of using acid-activated kaolin for 
removing deleterious hydrocarbons from cigarette tobaccos, as crack- 


1 Whitaker, L. R. Solve Your Probleme in Heating and Cooling. Brick and Clay 
Record, v. 139, No. 2, August 1961, pp. 35-37. 

3 Seanor, J. G. Static Pressure in Down-Draft Kilns. Brick and Clay Record, v. 138, 
No. 1, inser 1961 . 86-89, 111. 

3C E . O. Anderson. A Continuous Roller Conveyor Kiln. Am. Ceram. 
Soc. Bull.. v. 40, No. 3, March 1961, pp. 126-130. 

* Brickhouse, Robert. Circulation: A Necessity For Heat Uniformity. Ceram. Age, 
v. 77, No. 2, December 1961, DP; 81-32, 34, 36. 

š Ceramic Industry. Cuta Tile Firing Time. V. 76, No. 3, March 1961, p. 38. 
1 Industry. Royal Announces Streamlined Natural Clay Tile. V. 76, No. 5, 

y P. . 
oar ik ana d Record. Package 100 Brick Every 19 Seconds. V. 138, No. 6, June 

H D. D 

* Millman, Nathan, and James Brooks Whitey ins to J. M. Huber Corp.). Frac- 
tionation of Clays. U.S. Pat. 2,987,473, June 6, 1961. 

* Rouland, B. W. (assigned to Georgia Kaolin Co.). Clay Products and Fractionation 
Treatment of Heterogeneous Aggregates Such as Clay. U.S. Pat. 2,981,630, Apr. 25, 1961. 

19 Robinson, A. J., and J. V. Weir (assigned to Minerals & Chemicals Ph ipp Corp.). 
Activation of Clay by Acid Treatment and Calcination. U.S. Pat. 2,907,157, Jan. 3, 1961. 

Robinson, A. J., and J. V. Weir oo ed to Minerals & Chemicals Philipp Corp.) 
fe uration 8 by Acid Treatment and Calcination in the Presence of Carbonaceous 

terial. OS. Fat. 2. 


H 
by Starch Ethers. U.S. Pat. 2,995,513, Aug. 8, 1961. 
7 Demeter, L. (assigned to Licencia Talalmanyokat Ertesito Vallalat, Budapest, Hun- 
er Filter Press. U.S. Pat. 2,989,187, June 20, 1961. 


bacco (Composition and Smokable Unit Containing Material for Remov 
Matter. U.S. Pat. 2,967,118, Jan. 8, 1961. 
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ing vete bea and for removing exhaust gases containing unburned 
hydrocarbons.“ 

A method of treating coating-grade kaolin to obtain phosphate or 
phosphate-sulfate pements was patented.!* 

A patent was obtained on an improved process for production of 
Ke A zeolites using kaolin as the starting material.“ 

atents were issued on the use of bentonite, kaolin, and other clays 
for treating mine waters,“ clarifying sugar liquors,” briquetting 
granular materials, and manufacturing pencil leads. 

Canadian patents were issued on methods of producing metallurgi- 
cal grade alumina from clays.” 

A method for producing high bulk volume, highly absorptive filler 
clays was patented. The clays are finely SES injected into a cur- 
rent of heated to 500° to 1,200° C, separated from the hot gases, 
and cooled. The method eliminates sintering of the particles to one 
another.” 

A German patent was obtained on a method of bleaching clays and 
other nonmetallic minerals by acid treatment and ball milling, after 
which the mixture is allowed to stand for about 2 days and then 
washed.“ 

A process for stabilizing cation- exchange pellets made of bentonite, 
hectorite, and other montmorillonitic clays against disintegration in 
water and other liquids was patented. The stabilization is accom- 
plished by treating with poly vinyl alcohol or incompletely etherified 
ethyl cellulose polymer, which does not impair the cation-exchange 
properties.“ 

A number of patents were issued on new clay-thickened es and 
lubricating oils, and on new methods for making such products.“ 

New synthetic materials made from attapulgite and sepiolite were 
patented. The new materials, which were formed by hydrothermal 
treatment at pressures of several tons, have increased base-exchange 


3$ Talvenheimo, dE to Houdry Process Corp.). Phosphated Kaolin Cracking 


Agent. U.S. Pat. e 
Gary, W. W. (assigned to Minerals & Chemicals Philipp. Corp.). Method of Treat- 


19 Bengel, E. E. (assigned to Texaco, Inc.). Process for Production of Type A Zeolite. 
U.S. Pat. 8,009,776, Nov. 21, 1961. 

22 Polibento, 8.r.L. Italian Pat. 977,802, May 30, 1958. 

2 Polibento, S. r. L. Italian Pat. 574,771, Mar. SE 

2 Ekdah!, . G. eds ric to Johns-Manville Corp.). Briquetting Granular Material. 
U.8. Pat. 2,976,162, Mar. 21, 1961. 

nir ont H. H., and H. M. Johnson (assigned to Georgia Kaolin Co.). Pencil Clays. 
U.S. Pat. 2,986,472, May 30, 1961. 

» Laist, F. (assigned to The Anaconda Co.). Canadian Pats. 617,232 and 617,442, 

3$ Farbenfabriken Bayer A. G. British Pat. 869,966, June 7, 1961. 

33 Centanin, O. German Pat. 1,090,568, Oct. 6, 1960. 

™ Jones, G. K., and B. S. Neumann (assigned to The Fuller's Earth Union, Ltd.). 
British Pat. 874,432, Aug. 10, 1961. 

3 Odel, N. R., and J. F. Lyons (assigned to Texaco, Inc.). Solids Thickened Lubri- 
cating Greases Containing Formamide. U.S. Pat. 2,986.517, May 30, 1961. 

Freeman, P. K., and W. H. Peterson EES to Shell Of] Co.). Hydrophobic Oleo- 
philic Organo Clay Thickened Lubricating Oil. U.S. Pat. 2,986,520, May 30, 1961. 

Loeffler, D. E. (assigned to Shell Oil Co.). Lubricating Oil Thickened to a Grease 
with 1 DOT tO Rhell Ol C 2 Ws eee AP 25. MS EA Us 

aruso, G. P. (aseign o She o.). a rease Manufacturin rocess. 8. 

Pat. 3,006.848, Oct. 10, 1961. d * 

Moore, H. D., and P. Willcock (assigned to Shell Research, Ltd.). British Pat. 875,732, 
Aug. 28, 1961. 
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capacity, and were used in drilling muds, paints, plastics, rubber, and 
other products. 

A method was patented for producing brick with machined faces 
bier could be laid with a thin adhesive of water glass and brick 

ust.“ 

Foreign patents were issued on methods of making pressure- 
resistant refractories St and chemically inert refractories of fire clays.** 

A patent was obtained on the reduction of spark-plug bodies and 
other ceramics from ball clay and kaolin.?* 

A process for producing expanded clay aggregate pellets with 
porous interiors was patented.  Air-dried peat is added to the clay, 
which is then pelletized and fired by conventional methods.** 

High-strength lightweight building units were produced by & new 

atented process using swelling bentonite as the binder, together wit 
ely-ground prefired vesicular material and lightweight aggregate. 
The 9 temperature was less than the fusion temperature of the 
lightweight aggregate.“ 


22 Weir, J. V. (assigned o Minerals & Chemicals 28 Corp.). Adsorptive Porous 
Minerals Mass and Method of Making Same. U.S. Pat. 2,968,633, Jan. 17, 1961. 

Hemstock, G. A. (assigned to Minerals & Chemicals EEN Corp.). Synthetic Mag- 
nesium Aluminum Silicate Product. U.S. Pat. 3,001,853, Sept. 26, 1961. 

æ Intiainen, I. Canadian Pat. 612,958, Jan. 24, 1961. 

n Terasky, B. German Pat. 1,055,431, Apr. 16, 1959. 

33 Blondel, R. C. M. F. French Pat. 1,207,047, Feb. 12, 1960. 

# Smith-Gorman, R. J. (assigned to Rolls-Royce Ltd.). British Pat. 880,531, Oct. 25, 


961. 
* Kiniburgh, W. British Pat. 862,723, Mar. 15, 1961. 
J "E William H. Building Units and Method of Producing. U.S. Pat. 2,970,060, 
an. , . 


Cobalt 


By Joseph H. Bilbrey, Ir. 


A 


URING 1961, domestic cobalt consumption increased 7 percent 
D to 9.6 million pounds. Imports of cobalt decreased to 10.5 mil- 

lion pounds. The mining and refining facilities of the National 
Lead Co. at Fredericktown, Mo., were closed, leaving the Bethlehem 
Cornwall Corp. as the only domestic producer mining cobalt. The 
refinery of Freeport Nickel Co. at Port Nickel, La., did not operate 
during the year because suitable concentrate was not available. Free 
world production of cobalt decreased somewhat because production 
in Canada and the Federation of Rhodesia and Nyasaland was less. 
The difficult political situation in the Republic of the Congo did not 
materially affect cobalt production in 1961. 


TABLE 1.—Salient cobalt statistics 
(Thousand pounds of contained cobalt) 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 
Domestic mine production of ore 
or concentrate 2,164 4,144 | 4,844 2, 994 1) ! 
Recoverable cobalt 1, 537 3,303 | 4,023 2, 331 1) 1 
Imports for consumption 16, 688 17, 379 | 15,149 21, 245 12, 170 | 10,495 
Stocks, Dec. 31: Consumer........ 1, 203 977 874 L 403 1, 856 1, 807 
Consumption....................- 9, 644 9,157 | 7,542 9, 899 8, 930 9, 596 
Price: Metal.......... per pound.. 32. 40-$2. 35 1$2. 35-82. 00 | $2.00 2. 00-51. 75 |$1. 75-$1. 50 $1. 50 
Free world: Productlon............... 27, 400 31, 800 | 29, 200 34, 600 333,600 | 32,200 


! Figure withheld to avoid disclosing individual company confidential data. 
? Revised figure. 


DOMESTIC PRODUCTION 


In 1961 cobalt concentrates were produced only by Bethleham Corn- 
wall Corp. and National Lead Co. The latter company closed its 
mining and refining facilities at Fredericktown, Mo., in the early part 
of the year because of depressed metal prices and depletion of the 
lead and cobalt ore bodies. The plant and equipment were to be 
liquidated.^ Bethlehem Cornwall Corp. produced 26 percent more 
cobalt in concentrate from its magnetic iron ores at Cornwall and 
Morgantown, Pa. Pyrites Co., Wilmington, Del., processed the con- 
centrate into metal, oxide, and hydrate. 


1 Commodity speclalist, assisted technically by Isaac E. Weber, Division of Minerals. 
3 National Lead Co., 70th Annual Report. 1961, pp. 10—12. 
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The Bunker Hill Co. recovered 81 tons of residues, containing 7,862 
ponas of cobalt at its Kellogg, Idaho, zinc plant. No shipments were 
made. 

The refinery of Freeport Nickel Co. at Port Nickel, La., did not 
operate during the year because suitable concentrate was not available. 

Based on cobalt content, domestic production of cobalt oxide de- 
clined 15 percent from 1960, hydrate 4 percent, and salts 14 percent. 


TABLE 3.—Cobalt ore or concentrate produced and shipped in the United States 


1952-56 1957 1958 1959 1960 1961 
(average) 
Produced: 
Gross welght.............. short tons..| 25, 420 38, 417 47, 345 45, 834 1) 6 
Cobalt content ....thousand pounds.. 2, 164 4,144 4, 844 2, 994 1) 1) 
Recoverable cobalt do 1. 537 3, 303 4, 023 2, 331 1) (1) 
Ship from mines: 
ross weight..............short tons..| 28,074 39, 744 46, 294 40, 896 1) (1 
Cobalt content... thousand pounds.. 2, 185 4, 123 4,832 2, 944 1) OI 
Recoverable cobalt do.... 1, 568 3, 281 4,017 2, 316 1) (i) 


! Figure withheld to avoid disclosing individual company confidential data, 


TABLE 3.—Cobalt materials consumed by refiners or processors in the United 
States 


(Thousand pounds of contained cobalt) 


Form ! 1952-56 
(average) 


d deier? consumption is not shown because the metal, hydrate, and carbonate originated from alloy and 
concentrate. 


TABLE 4.—Cobalt products produced and shipped by refiners and processors in 
the United States 


(Thousand pounds) 


Product Production Shipments Production Shipments 


Gross Cobalt Gross Cobalt Gross Cohalt Gross Cobalt 
weight | content | weight | content | weight | content | weight | content 


— —— — [ G—äkñ ?ĩ7 | ere | err | ere | — ͤͤGꝑao᷑ 


Metall. 1. 549 1, 540 1, 604 1, 595 (1) (!) (1) (1) 
GIII 517 362 506 304 437 306 459 
rid % 189 107 165 93 225 103 244 113 
ts: 
Acetate.......... 241 57 234 55 28A 59 309 65 
Carbonate....... 372 173 330 154 2-2 129 311 142 
Sulfnto 401 95 450 | 104 353 88 309 91 
Other..........- 242 60 247 61 200 54 238 49 
Driers............... 12, 333 711 12, 507 727 10, 362 608 10, 231 593 
Total 15, 844 3, 105 16, 043 9, 143 12, 233 1, 347 12, 191 1,375 


1 Figure withheld to avoid disclosing individual company confidential data. 
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CONSUMPTION AND USES 


U.S. industry consumed 9.6 million pounds of cobalt, 7 percent 
more than in 1960. Cobalt consumed for metallic uses increased 10 
percent and for nonmetallic uses [ear of salts and driers) 11 

rcent. Consumption for salts, driers, and other nonmetallic uses 

ecreased 11 percent. 

Again the largest single use of cobalt was for permanent magnet 
alloys—26 percent of the total, 3 percent more than in 1960. Cobalt 
for Mek temperature, high-strength alloys was the second largest use 
at 25 percent, 16 percent greater than in 1960. 


TABLE 5.—Cobalt consumed in the United States, by uses 
(Thousand pounds of contained cobalt) 


Use 1061 
Metallic: 
High-speed steel 220 
Other tool steel 44 
Other alloy steel 540 
Permanent magnet alloys............. 2,457 
Cutting and wear-resisting materials.. 251 
High - temperature, high - strength Tm 
lí PRENNE EOM MET 

Alloy hard-facing rods and materials.. 550 
Cemented carbides- .................. 298 
Nonferrous alloys....................- 145 
OUNCE ess eo ee . ete ee 659 
ill 7, EM 
— —-ʃ A 

Nonmetallic (exclusive of salts and driers) 
Ground-coat frit. ....................- 526 
Fan ð ß 192 
A A USE ÓN 814 
tt,... eg 1, 032 

Salts and driers: Lacquers, varnishes, 

ints, inks, pigments, enamels, glazes, 
eed, electroplating, etc. (estimate) 1, 040 
Grand total. 9, 596 


TABLE 6.—Cobalt consumed in the United States, by forms 
(Thousand pounds of contained cobalt) 


Form 1952-56 1057 1958 1960 1961 
(average) 
A US 7,145 7, 028 5, 403 6, 761 7, 478 
e E EE 755 754 75 
Purchased scrap. ........................-. 921 363 355 240 178 
Salts and driers........................... 918 1,011 1, 030 1,172 1, 040 
Tot. A 1 9, 644 9,157 7, 542 8, 930 9, 506 


1 Includes a small quantity of ore and alloy. 


STOCKS 


In addition to the consumer stocks reported in table I, the total 
quantity of specification-grade cobalt held in Government inventories 
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of strategic materials as of December 31, 1961, was 97,048,000 pounds. 
This included 76,974,000 pounds in the national (strategic) stockpile 
18,997,000 pounds in Defense Production Act (DPA) inventory, an 

1,077,000 pounds in the supplemental stockpile. Of this total quan- 
tity 78,048,000 pounds was declared surplus, 410.8 percent over the 
maximum stockpile objective. An additional 6,211,000 pounds of 
cobalt in the DPA inventory did not meet stockpile specification. 


PRICES 


The price of cobalt metal granules remained unchanged through- 
out the year at $1.50 per pound, f.o.b. carrier, Port of New York, 
Ge in 500-pound drums. The prices of ceramic-grade oxide (70- 

1 percent cobalt) at $1.12 a pound and ceramic-grade oxide (7214- 
131% percent cobalt) at $1.15 a pound, east of the Mississippi River, 
f.o.b. shipping point, packed in 250-pound kegs, freight allowed, also 
remained unchanged. The prices of both grades of oxide were subject 
to a 1-percent discount. 


FOREIGN TRADE ' 


Imports.—The United States continued to depend almost entirely 
on imports for its cobalt. In 1961 imports of metal, oxide, and salts 
were 10.5 million pounds; cobalt content was 14 percent less than for 
1960 but more than sufficient to meet consumption requirements. The 
Republic of the Congo supplied 46 percent of the total imports and 
Be gum de 22 percent. The Belgian metal and oxide originated 
in the Republic of the Congo, so that 68 percent of the U.S. imports 
came from the Congo. The next leading supplier was West Germany 
with 13 pou 26 percent more than in 1960. Canada supplied 9 
percent; Norway, 5 percent; France, 3 percent; and the Federation 
of Rhodesia and Nyasaland, 2 percent of the total. 

Exports.—Exports of cobalt-bearing materials totaled 2,234,692 
pounds, an increase of 22 percent over 1960. Scrap (5 percent or 
more cobalt) was the main item, and 159,449 pounds was in fabricated 
forms. The remainder was ore, concentrate, metal, and alloys in crude 
form. Shipments to Japan were 48 percent of the total; to West 
Germany, 13 percent; to Canada and the United Kingdom, 8 percent 
each; to Italy, 5 percent; and to France and the N SE 4 per- 
cent each. All forms of cobalt metal remained on the list of commodi- 
ties requiring validated export license for shipment to any destination 
other than Canada. 

Tariff.—The duties on cobalt materials remained unchanged in 1961. 
Cobalt metal and ore entered the United States duty free. The duty 
on cobalt oxide continued to be 4 cents a pound, on sulfate 214 cents 
a pound, on linoleate 5 cents, and on other salts and compounds 15 
percent ad valorem. | 


* Figures on U.S. imports and exports (unless otherwise indicated) compiled by Mae B. 
Price and Elsie D. Jackson, Division of Foreign Activities, Bureau of Mines, from records 
of the U.S. Department of Commerce, Bureau of the Census. 
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TABLE 7.—U.8. imports for consumption of cobalt, by classes 
(Thousand pounds and thousand dollars) 


White alloy ! Ore and concen- Metal 
trates ? 
Year mc STU RE SEEN 
Gross Cobalt Gross Cobalt Gross Value 
welght | content | weight | content | weight 
1952-56 (average 5, 436 2,418 153 15 | 313,837 3 $33, 476 
I/ ³ĩðWAAA ³ 8 1. 883 817 140 15 | 416,173 4 32, 431 
3 PA AA A 8 14, 538 28, 604 
[o AA RAI A 3772 335 20, 087 35, 926 
Al EE EE PERE 3 6, 462 3314 10, 801 17,093 
A ͤ O, A PA EA 8 10, 036 14, 867 
Oxide Salts and com- Total 
pounds 

Gross Gross Gross Cobalt 

weight Value weight Value weight content 
(estimated) 
1952-56 (average)........................ 666 $1, 106 280 $178 20, 372 16, 688 
¡AAA A A Ee 647 853 364 179 19, 207 17,379 
19588... 837 1,116 234 145 15, 609 15, 149 
igo AA ee ³ A 1, 557 1,851 278 134 22, 604 21,245 
e AA 1, 459 1,520 230 104 18, 952 12, 170 
, ͥ ³» mn. 681 663 159 59 10, 876 10, 495 


! Reported by importer to Bureau of Mines, which adjusted the figures for “Ore and concentrates" for 
1952-57, as reported by the Bureau of the Census, to exclude “white alloy” from the Republic of the Congo 
(Belgian Congo). 

2 Figures exclude recelpts of “white alloy" from the Republic of the Congo (Belgian Congo). 

3 Adjusted by Bureau of Mines. 

4 Includes 4,903 pounds of scrap, valued at $1,698. 


Source: Bureau of the Census. 


TABLE 8.—U.8. imports for consumption of cobalt metal and oxide, by countries 
(Thousand pounds) 


North America: Canada 525 807 A 
Europe: 
Belglum-LuxembourgnU!!!k c. ll l.l. 3, 276 1, 802 1, 419 681 
ds A ⁵ðᷣ San. 1104 205 A A 
Germany, —òB:MMMT—T—QñM:;⸗ ĩ] x ſ G k asta 11, 103 1,391 A ee see 
en EE EE NAAA EH 
ee Ee 718 547 | AA ò• 
United: psd. (2) 3 (3) 
Total- -ascia O ³ K 5, 201 4,070 1,419 681 
Africa: 
Congo, Republic of the, and Ruande-Uropndt 4,735 4 ROO AN EE 
Rhodesia and Nyasaland, Federation of...................- 340 hr See 
NC WEE 5,075 /! / eeu ERE 
Grand total 10,801 10,036 1,459 681 


1 Revised figure. 
2 Less than 1,000 pounds, 


Source: Bureau of the Census. 
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In response to Senate Resolution 206, 87th Congress, the U.S. Tariff 
Commission under authority of section 332 of the Tariff Act of 1930 
as amended (19 U.S.C. 1332), instituted an investigation and ordere 
a public hearing in connection with the cobalt industry. The public 
hearing was scheduled for May 15, 1962, in the hearing room of the 
Tariff Commission. The report of the investigation was to include a 
description of the domestic industry, domestic production, foreign 

roduction, imports, consumption, channels and methods of distri- 
ution, U.S. exports, and other factors affecting the competition be- 
tween domestic and imported products. 


WORLD REVIEW 


Estimated free world production of cobalt decreased 4 percent. 
Output from the Republic of the Congo, which supplied 58 percent 
of the 1961 total, increased 2 percent. The next largest E 
11 percent, again came from the Federation of Rhodesia and Nyasa- 
land, and Canada produced 10 percent. 


TABLE 9.—Free world production of cobalt, by countries ** 
(Short tons of contained cobalt) 


Africa: 
Congo, Republic of the (formerly Bel- 
gian) (recoverable cobalt)........... 9, 121 7, 166 9, 204 9, 063 9, 259 
Morocco: Southern zone (content of 


Rhodesta and Nyasaland, Federation 
of: Northern Rhodesia (content of 
white alloy, cathode metal, and 
other products) 928 1, 782 2, 270 2, 036 1, 701 


— — |—Ó—— — . — — —ůů vUn. 


————— —— 2 | ———————— | ————————————— | ———— 
———— —— — —— — ſh— — —— A 


ceanla: 
Australla (recoverable cobalt in zinc 
concontrateee·eee id 18 17 16 15 5 21 


0 


——ͤ ͤ—3N A 4 44 G9 A 
ll A ndum 13 61 109 15 i21 
Free world total (estimate)! 2. 13, 700 16, 900 14, 600 17, 300 16, 800 16, 100 


1 Cobalt is also recovered, principally in West Germany, from pyrites produced in Finland and other 
ir countries, and estimates are included in the world total. Production data for East German 
and U.8.8.R. are not available, and no estimates for these two countries are included in the world to 
Cobalt concentrates are being stockpiled in Uganda, but exact figures are not available. 

3 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Cobalt in all forms. Excludes the cobalt content of nickel oxide sinter shipped to the United Kingdom 
by International Nickel (estimate for which ts included in the world total), but includes the cobalt content 
of Falconbridge shipments of nickel-copper matte to Norway. 

S 1 withheld to avoid disclosing individual company confidential data; U.S. figure included in world 


tal. 
4 Estimate, 
Compiled by Augusta W. Jann, Division of Forcign Activities. 


COBALT 479 


NORTH AMERICA 


Canada.—Canada produced 1,618 tons of cobalt, 9 percent Jess than 
in 1960, mainly as a Sy product from the smelting and refining of 
nickel-copper ores from the Sudbury district, Ontario, and Thompson 
and Lynn Lake, Manitoba. The cobalt in the silver-cobalt ores of 
the Cobalt-Gowganda area of northern Ontario was not recovered 
in 1961. Deloro ne & Refining Co., Ltd., closed its Deloro, 
East Ontario, smelter in March because of inadequate supplies of ore 
and a decrease in the price of cobalt. Cobalt faery, Ltd., pur. 
chased the plant of Quebec Metallurgical Industries and its stock of 
low-grade residues at Cobalt, Ontario. 'The refinery was to produce 
silver, arsenic, and cobalt and nickel oxides, and expects to handle 
the silver-cobalt ores of the Cobalt-Gowganda area.* 

The International Nickel Company of Canada, Ltd. (Inco), pro- 
duced electrolytic cobalt at its refinery at Port Colborne, ntario, and 
shipped impure cobalt oxide to its plant at a ees Wales, for con- 
version to high-grade oxide, metal, and salts. Inco delivered 2.5 mil- 
lion pounds of cobalt, 6 percent more than in 1960.° 

Falconbridge Nickel Mine Ltd., provided additional facilities for 
cobalt recovery in 1961 and delivered 1,462,000 pounds of cobalt, 77 
percent more than in 1960. The cobalt was recovered from matte 
produced in Canada from Sudbury nickel-copper ore and exported 
to the Falconbridge refinery at Kristiansand Ze Norway.“ 

Sherritt Gordon Mines, Ltd., produced 191,043 pounds of cobalt, 
38 percent less than in 1960, from Lynn Lake, Manitoba, nickel- copper 
ore. The decrease was due to the plant being used as a custom pilot 
plant project part of the year. The capacity of the cobalt production 
circuit at the Fort Saskatchewan, Alberta, refinery was to be doubled.’ 


EUROPE 


Finland.—Copper-bearing pyrite from the Outokumpu Oy mine in 
eastern Finland, containing 0.2 percent cobalt, was concentrated and 
roasted. The sinter was shipped to Duisburg, West Germany, for 
recovery of cobalt, copper, iron, and zinc. 

Germany, West.—The major West German cobalt producer, the Duis- 
burger Kupferhiitte refinery at Duisburg recovered cobalt mainly 
from pyrite sinter imported from Finland and other European coun- 
tries. It Dem to raise its cobalt production to about 1,900 tons a 
gear? Cobalt-bearing scrap, residues, and speiss were treated at the 
refinery of Gebriider Borchers A. G. at Goslar. 


AFRICA 


Congo, Republic of the (formerly Belgian).—The cobalt produced by 
Union Miniére du Haut-Katanga was 9,259 tons, 58 percent of the 
estimated free world production and 2 percent more than in 1960. 


* Northern Miner (Toronto). New Refinery for Cobalt Area Turns Out First Silver 
Bullion. V. 47, No. 23, Aug. 31, 1961, pp. 13, 18. 

5 The International Nicket Company of Canada, Ltd. 1961 Annual Report. P. 9. 

€ Falconbridge Nicket Mines, Ltd. Thirty-third Annual Report. 1961, p. 7. 

* Sherritt Gordon Mines, Lt ual We ves 1961, pp. 8, 6. 
1901. b. 1 journal (London). Cobalt in West Germany. F. 257, No. 6575, Aug. 25, 
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In spite of the very difficult political conditions existing in Katanga, 
the company managed to operate its facilities most of the time. The 
cobalt section of the new Luilu refinery near Kolwezi reached a yearly 
capacity of 3,800 tons of cobalt. 

Morocco.—Production of cobalt concentrate at the Société Miniére 
de Bou-Azzer et du Graara cobalt mine was 14,220 tons containing 
1,422 tons of cobalt, about the same as in 1960. 

Rhodesia and Nyasaland, Federation of.— The Rhokana Corporation, 
Ltd., milled 5,701,000 short tons of ore, averaging 0.11 percent cobalt 
in the fiscal year ending June 30, 1961. Cobalt concentrate produced 
from ores of the Mindola and Nkana mines was 50,227 short tons 
containing 2.92 percent cobalt, much less than the 99,122 tons of con- 
centrate containing 2.60 percent cobalt of the preceeding year. Cobalt 
recovered was 837 short tons, compared with 1,307 tons in fiscal 1960. 
The reduced output was due to the treatment of a larger proportion 
of Mindola ore, which was of a lower grade and had a lower recovery 
factor than the ore from the Nkana mine. Nkana ore at depth, 
because of an unpredicted change in cobalt mineralization, also caused 
recovery problems.? 

Chibuluma Mines, Ltd., during the fiscal year ending June 30, 
1961, milled 558,996 short tons of ore averaging 0.21 percent cobalt 
and produced 26,394 short tons of cobalt-copper concentrate, contain- 
ing 3.08 percent copper and 3.52 percent cobalt. During the year 
the Ndola refinery produced 11,065 tons of cobalt matte, containing 
9.01 percent cobalt and 11.40 percent copper. Part of the cobalt matte 

roduction at Ndola was used to build up stocks, and part was shipped 

or refining to Belgium, which returned 464 tons of cobalt compared 
with 800 tons in fiscal 1960. Combined ore reserves as of June 30, 
1961, for the Chibuluma and Chibuluma West ore bodies were esti- 
mated at 9.7 million tons averaging 4.59 percent copper and 0.15 per- 
cent cobalt. Chibuluma Mines, Ltd., expected to repay during the 
fiscal year ending June 30, 1962, the balance of the Een made to it 
by the U.S. Government. 

OCEANIA 


Australia.— Electrolytic Zinc Co. of Australasia, Ltd., produced 27 
tons of cobalt oxide in the fiscal year ended June 30, 1961, at its Risdon, 
Tasmania, electrolytic refinery. The cobalt oxide was obtained as a 
Ste in treating zinc concentrates from the Broken Hill district 
and from the company mines in the Roseberry district. 


TECHNOLOGY 


Federal Bureau of Mines research included the separation of nickel 
and cobalt by fused-salt electrolysis and by a combination of aqueous 
electrolysis and solvent extraction, and recovery of nickel and cobalt 
from high-temperature alloy scrap by chlorination and by anodic 
corrosion. A program was started to produce cobalt-tungsten binary 
alloys by simultaneous decomposition of gaseous compounds of the 
metals. Published reports included a study of methods for recovering 

* Rhokana Corporation. Ltd. Annual Report. June 30, 1961, pp. 13, 14. 


QD 
19 Rhodestan Selection Trust, Ltd. Annual Report. 1961, pp. 6, 40, 51. 
n U.S. Embassy, Canberra, Australia. State Department Dispatch 451. Mar. 18, 1962. 
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metal components from alloy scraps; *? mining and milling costs at the 
Madison mine of National Lead Co., Fredericktown, Mo., where sulfides 
of copper and cobalt occur in commercial quantities with lead sul- 
fide; ** and salt roasting and leaching of sulfide ore concentrates con- 
taining cobalt, nickel, copper, lead, and iron.“ 

The production of nickel and cobalt at the new Thompson, Manitoba, 
plant of The International Nickel Company of Canada, Ltd., was 
described. 

Sherritt Gordon Mines, Ltd., made available cobalt coiled strip, 
E percent pure, 0.005 to 0.25 inch thick, and from 0.25 to 6 inches 
wide.!* 

New 18-percent nickel-cobalt-molybdenum maraging alloy steels 
with unmatched toughness at high strengths and 155 machining 
properties were reported by The International Nickel Company, Inc. 

he 250 steel has a composition range of 17 to 19 percent nickel, 7 to 
8 percent cobalt, 4.6 to 5.1 percent molybdenum, and 0.3 to 0.5 percent 
titanium. It has a yield strength of 250,000 psi, a high resistance to 
stress corrosion, and good formability and weldability. n 

A new superhard igh-speed cutting tool steel was developed by 
Braeburn Alloy Steel Corp., Braeburn, Pa., with a nominal com- 
position of carbon, 1.15 percent; chromium, 4.25 percent; vanadium, 
2.25 percent; tungsten, 5. 25 percent; molybdenum, 6. 25 percent; cobalt, 
12 Tet and iron, the remainder.'? 

electron-microscope study of a cobalt-base alloy (UM-Co-50), 
containing 50 percent cobalt, 30 percent chromium, and 20 percent 
iron was published.“ 

A pere! dealt with the fundamental properties of tungsten carbide- 
cobalt alloys used for mineral cutting tools. The cobalt content of 
the alloys ranged between 4 and 20 percent.“ 

The Centre d’Information du Cobalt (Cobalt Information Center), 
Brussels, Belgium, (ere a paper on cobalt and magnetism, which 
included magnetically soft alloys, magnetostrictive alloys, permanent 
magnet alloys, and ferrites; ?! and on the improvement of magnetic 
properties in alnico-type magnets by producing columnar structures.” 

e Crucible Steel Co. of America announced the development of 
Alnico VIII with improved resistance to demagnetization, coercive 
force, and maximum energy product.? At the annual conference on 


12 Kenworthy, H., V. A. Nieberlein, and A. G. Starliper. Experimental Extraction of 
E Components From 8-816 Allo Scrap: BuMines Rept. of Inv. 5786, 1961, 27 pp. 

13 Kline, H. D., W. A. Calhoun, and B. M. Reynolds. Mining and Milling Methods and 
Costs, Madison Mine, National Lead Co., St. Louis Smelting and Refining Division, Madison 
County, Mo. BuMines Inf. Cire. 8028, 1961, 26 pp. 

14 Kershner, K. K., and F. W. Hoertel. Recovering Cobalt and Nickel from Complex 
Sulfide Ores of Southeastern Missouri. BuMines Rept. of Inv. 5740, 1961, 16 NIE 

1$ Northern Miner (Toronto). The Thompson Mine of The International Nickel Com- 
pany of Canada, Ltd. Mag. Supp. AE. 17, 1961, pp. 55-57. 

38 Metallurgia. Pure Cobalt Strip. . 64, No. 386, December 1961, p. 296. 

T American Metal Market. Inco Unveils New Nickel Alloy Steel. V. 48, No. 51, 
Mar. 16, 1961, pp. 1, 16. 

33 Materials in Design Engineering. Tool Steel is Tough at High Temperatures. V. 53, 
No. 5. May 1961, pp. 226, 228. 

1% Habraken, L. Electron Microseope Study of a Cobalt-Base Alloy. J. Inst. Metals 
(London), v. 90, November 1961 pP- 5-92. 

Latin, A. The Properties of ungsten Carbide-Cobalt Alloys Used for Mineral Cutting 
1 M ix a, v. 64, No. 385, November 1961, pp. 211-216; No. 386, December 

2 Anselin, F. Cobalt and Magnetism. Cobalt, No. 12, September 1961, pp. 3-10. 

2 Wright, W., and A. Thomas. Influence of Aluminum and Titanium on Grain Structure 
in Alnico-Type Permanent Marani Alloys. Cobalt, No. 13, December 1961, pp. 24-28. 
i961 ée Metal Market. ide Use Seen for New Magnet. V. 48, No. 116, June 19, 
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Magnetism and Magnetic Materials (Phoenix, Ariz., Nov. 13-16, 
1961), the use of iron-cobalt phosphides as possible new permanent 
magnet materials was ee E? 

he Federal Bureau of Mines, Pittsburgh Coal Research Center, 
Pittsburgh, Pa., tried a large number of catalysts in a microcatalytic 
reactor and found Co; O. to be the most active single-component cata- 
lyst in oxidation of hydrocarbons.” 

The papers presented, with discussions, at the International Sym- 
posium on the Extractive Metallurgy of Copper, Nickel, and Cobalt 
in New York in February 1960 under the auspices of AIME, were 
published in book form.“ 

A first comprehensive account of the geology of the Northern 
Rhodesian copperbelt was published. It included data on the areas 
where cobalt is associated with copper.“ 

Patents were issued on recovering cobalt from ores,” separating 
nickel from cobalt,” various alloys,*” and cobalt catalysts.” 


RE Week. Probing New Fields in Magnetic Research. V. 89, Nov. 25, 1961, 


. 56. 
p 2 Anderson, R. B., K. C. Stein, J. J. en and L. J. B. Hofer. Catalytic Oxidation of 
Methane. Ind. and Eng. Chem., v. 53, No. 10, October 1961, pp. 809—812. 

* Queneau, P. pea). Extractive Metallurgy of Copper, Nickel, and Cobalt (annotated 
bibliography by R. G. Robb). Interscience Publishers, Inc. New York and London, 1961, 


st Mendelsohn, F. (ed.). The Geology of the Northern Rhodesian Copperbelt. Mac- 
donald & Co. (Publishers), Ltd., London, 1961, 523 PR 

3 Matson, R. F. (assigned to Freeport Sulphur Co.). Recovery of Nickel and Cobalt 
19615 Mixtures of the Same With Iron Sulfide, as Impurity. U. S. Pat. 2,971,835, Feb. 14, 


1 

Ilis, A., and P. E. Queneau (assigned to The International Nickel Co., Inc.). Process- 
ing Nickel-Containing Lateritic Ores. U.S. Pat 2,998,311, Aug. 29, 1961. 

Queneau, P. E. (assigned to The International Nickel Co., Inc.). Treatment of Nickel- 
Containing Silicate Ores. U.S. Pat. 3,004,846, Oct. 17, 1961. 

? Peters, K. Extraction Techniques for the Separation and Purification of Metals. 
U.S. Pat. 2,967,088, Jan. 8, 1961. 

Hall, J. D. Separation of Nickel and Cobalt. U.S. Pat. 2,971,836, Feb. 14, 1961. 

Howling, H. L., and E. 8. Shanley (assigned to Arthur D Little, Inc.). Nickel-Cobalt 
Separation. U.S. Pat. 2,977,221, Mar. 28, 1961. 

ampton, T. C, and R. A. Mock (assigned to The Dow Chemical Co.). Hydrometal- 

lürglea Separation of Nickel, Copper, and Cobalt in Ammoniacal Solutions. U.S. Pat. 
2,993,782, July 25, 1961. 

% Thielemann, R. H. (assigned to Sierra Metals corp.) High Temperature Cobalt- 
Base Alloy. U.S. Pat. 2,974,036, Mar. 7, 1961; U.S. Pat. 2,974,037, Mar. 7, 1961. 

Faulkner, W. H. (assigned to Union Carbide Corp.). Cobalt-Base Alloy. U.S. Pat. 
2,977,224, Mar. 28, 1961. 

Klement, J. F. E to Ampco Metal, Inc.). Aluminum Bronze Alloy Havin 
eae eae rad Resistance by the Addition of Cobalt and Manganese. U.S. Pat. 3 919,39 e 

pr. , . 

Brown, J. T., C. P. Mueller, L. L. France, and A. W. Cochardt (nssigned to Westing- 
house Electric Corp.). Cobalt-Nickel Base Alloy. U.S. Pat. 2,981,620, Apr. 25, 1961. 

vinson, D. W., J. B. McAndrew, and A. G. Metcalfe (assigned to Armour Research 

Foundation). Cobalt Alloys. U.S. Pat. 2,983,602, May 9, 1961. 

Clemin, P. J. (assigned to General Electric Co.) High Strength Alloy for Use at Elevated 
Temperatures. U.S. Pat 2,983,603, May 9, 1961. 

Faulkner, W. H. {assigned to Union Carbide Corp.). Cobalt-Base Alloy. U.S. Pat. 
2,996,379, Aug. 15, 1961. 

5 Nahin, P. G. (assigned to Union ON company of California). Hydrocarbon Con- 
version Catalysts. U.S. Pat. 2,968,634, Jan. 17, 1961. 

Orchin, M. (assigned to Houdry Process Corp.). Process for Forming Cobalt Hydro- 
carbonyl. U.S. Pat. 2,985,504, May 23, 1961. 

McEvoy, J. E. (assigned to Houdry Process Corp.). Hydrotreating Catalyst. U.S. 
Pat. 2,993,868, July 25, 1961. 

Pruett, R. L. (assigned to Union Carbide Corp). Process for Producing Nickel and 
Cobalt Hydrogenation Catalysts. U.S. Pat. 2,999,075, Sept. 5, 1961. 

Ikeda. C. K. (assigned to E. I. du Pont de Nemours & Co., Inc.). Polymerizing Vinyl 
5 With Cobaltous Salts of Dicarboxylic Acid Half- Esters. U.S. Pat. 3,010,945, 

ov. 28, A 

Johnson, P. C. and N. R. Cox (assigned to Union Carbide Corp.). Process for the 
Production of Aldehydes and Alcohols. U.S. Pat. 3,014,970, Dec. 26, 1961. 


Columbium and Tantalum 


By F. W. Wessel? 


A 


HE PRICE of tantalite continued to rise throughout 1961, driven 
by a ag increased demand and some uncertainty as to ore 
supplies. Ferrocolumbium consumption by the steel industry 

increased, and demand for columbium metal was off only slightly 
in spite of suspension of the construction of a nuclear-powered 
aircraft. 

Outstanding features of research and development were the test 
production and appraisal of columbium capacitors, the cryogenic 
use of columbium intermetallic compounds, and the development and 
evaluation of many new alloys. 


LEGISLATION AND GOVERNMENT PROGRAMS 


In October, the General Services Administration advertised for 
bids on 18,900 tons of Malayan tin slag declared surplus to the 
national stockpile. This material was located at Niagara Falls, N.Y., 
and Welland, Ontario, Canada, and contained 4.0 to 4.5 percent 
columbium oxide and 2.5 to 3.5 percent tantalum oxide. 


DOMESTIC PRODUCTION 


There was no domestic mine production of tantalum or columbium 
ores in 1961. 

In spite of the suspension (early in the year) of the program for 
constructing a nuclear-powered aircraft, columbium production de- 
clined only slightly from the 1960 total; 1961 production was 126 tons. 
Wah Chan Corp. Albany, Oreg., was the principal producer; others 
included E. I. du Pont de Nemours & Co., Inc., Wales Del. 
Stauffer Chemical Co. and Union Carbide Metals Co., Division o 
Union Carbide Corp., both of Niagara Falls, N.Y., Fansteel Metallur- 
gical Corp., North Chicago, III., and Kennametal, Inc., Latrobe, Pa. 

Production of tantalum in 1961 reached 242 tons. All of the 1960 
producers showed increased production in 1961—Fansteel Metallur- 

ical Corp., Muskogee, Okla., Kawecki Chemical Co., Boyertown, 

a., National Research Corp., Newton, Mass., Wah Chan Ge e 
and Union Carbide Metals Co.—and two new producers, Sau er 
Chemical Co. and Kennametal, Inc., entered the market. 

Stearns-Roger 55 Co. was onpaged to explore the 
Powderhorn, Colo., pyrochlore deposit owned by Du Pont, and may 
also design and construct a mill. Meanwhile, columbium was being 


3 Commodity specialist, Division of Minerals. 
483 
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TABLE 1.—Salient columbium-tantalum statistics 


( ee 1957 1958 1959 1960 1961 


cD —üä — — | AS | — 


United States: 
Columbium - tantalum concen- 
trate shipped from mines ! 
pounds.. 56, 528 370, 483 428, 347 189.2833 EE 
Imports for consumption: 
Columbium-mineral concen- 
ldd d 


0....| 5,636, 084 | 3. 348, 706 | 2, 555, 942 | 3, 395, 816 | * 5,066,514 | 2, 973, 769 
Tantalum - mineral concen- 


A do....| 1,058, 140 828, 265 | 1,035, 588 652,839 | 1 695, 222 808, 082 
Industrial consumption: 8 
Contained metal.short tons.. 4 523 924 593 828 1, 058 1,283 


World: Production of columbium- 
tantalum concentrates....pounds..| 7,570,000 | 6,840,000 | 4,880,000 | 6,050, 000 | 6,850, 000 | 7, 370, 000 


1 1956-59 data are for columbite-tantalite concentrate plus columbium-tantalum oxide content of euxenite 
concentrate. 

2 Revised figure. 

3 Includes metal content of all raw materials consumed, including columbium-tantalum bearing tin slag. 

* Average for 1954-56. 


fabricated at the Du Pont Metals Center, Baltimore, Md., using a 
wide selection of modern equipment. 
Kawecki Chemical Corp. announced plans to build a separate plant 
to produce columbium. 
ational Research Corp. moved its tantalum production facilities 
from Cambridge to Newton, Mass., and doubled plant capacity 
to 80,000-100,000 pounds annually. The company’s Metals Division 
produces capacitor-grade tantalum powder and wire, tantalum ingot 
and mill shapes, and tantalum alloy products for high-temperature 


uses. 

General Electric Co. constructed a plant for rolling refractory 
metal sheet at Euclid, Ohio. 

Production of ferrocolumbium totaled 932 short tons, an increase 
of 68 percent over 1960. Demand was light during the first half 
of the year, but became stronger in midsummer. Production of ferro- 
tantalum-columbium declined, continuing a trend be in 1956. 
Vanadium Corporation of America, Cambrid Ohio; Molybdenum 
Corporation of America, Pittsburgh, Pa; Union Carbide Metals 
Corp., Niagara Falls, N.Y.; and Shieldalloy Corp., Newfield, N.J., 
were the principal producers of ferrocolumbium. The two latter 
companies also produced ferrotantalum-columbium. 

Linde Co., Division of Union Carbide Corp., East Chicago, Ind., 
offered columbium carbide powders of 325-mesh size. 


CONSUMPTION AND USES 


Domestic consumption of columbium and tantalum raw materials 
in terms of metal content was 869 and 414 short tons, respectively. 

The greatest single use for columbium (Cb) during 1961 was as 
an additive to semikilled steels, to which it was added in the form 
of ferrocolumbium. The resultant steel contained up to 0.05 percent 
Cb. Among the companies producing and marketing these steels 
were United States Steel Corp., National Steel Corp., Armco Steel 
Corp., and Jones & Laughlin Steel Corp. 


2 American Metal Market, v. 68, No. 86, May 5, 1961, pp. 1, 14. 
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Use of this steel in a 47-mile, 20-inch natural-gas pipeline was 
estimated to reduce cost by $1,000 per mile.“ The steel was also 
successfully used in constructing an automobile-carrying vehicle 
capable of carrying 12 standard cars; present equipment carries 8. 

Columbium, and to a lesser extent tantalum, continued to interest 
research and development organizations in the field of superconduc- 
tivity and cryogenics. General Electric Co. developed a gryroscope 
with a columbium rotor to operate at the temperature of liquid 
helium. Bell Telephone Laboratories and Radio Corporation of 
America devised an electromagnet, the winding of which was coated 
with a columbium-tin compound, Cb,Sn; the magnet generated 
88,000 gauss at 18° K. Bell Telephone Laboratories, Atomic Inter- 
nation Division of North American Aviation, Inc., and Westinghouse 
Electric Corp., developed a columbium-zirconium compound (Cb;Zr) 
for the same purpose; a magnet using this material generated 
43,000 gauss at about 5° K, 

Capacitor-grade powder continued as the largest component of tan- 
talum demand. Fansteel Metallurgical Corp., General Electric Co., 
Texas Instruments, Inc., and Kemet Co., Division of Union Carbide 
Corp. were among the leaders in this field. Other uses for tantalum 
were based on its heat- and corrosion-resistant properties; structural 
alloys for outer-space flight, tantalum pumps, absorption columns, 
autoclaves, and thermocouple protection tubes for the chemical indus- 
try, and tantalum alloys for missile coatings were developed or 
marketed during the year. 

Union Carbide Metals Co. and Polaroid Corp. jointly developed 
a tantalum-carbide filament for an incandescent light bulb, made 
for use in slide and film projectors. A 50-percent increase in light 
output and a doubled life were reported. 

Standard Pressed Steel Co. began production of bolts, nuts, and 
other parts made of columbium, tantalum, or other high-temperature 
metals and alloys. Manufacture of a cloth woven of tantalum wire 
also was announced. 


STOCKS 


The national (strategic) stockpile at the yearend contained 14,285,- 
000 pounds of columbium contained in ore and an additional 339,000 
pounds contained in ferroalloys. Also on hand was 3,036,000 pounds 
of tantalum contained in ore. 


Consumers and dealers at yearend held inventories of columbite, 
tantalite, and tin slag amounting to 1,566, 1,047, and 4,152 short tons, 
respectively. 

Inventories also included 66,000 pounds of primary tantalum metal 
and 132,000 pounds of ingot; 31,000 pounds of primary columbium 
metal and 36,000 pounds of ingot; 116,000 and 56,000 pounds, respec- 
tively, of tantalum and columbium scrap; 213,000 pounds of colum- 
bium oxide; and 62,000 pounds of potassium tantalum fluoride. 


3 Steel. Columbium Treated Steel Promises Pipeline Savings. V. 149, No. 13, Sept. 25, 
1961, pp. 160-161. 
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PRICES AND SPECIFICATIONS 


Columbite prices opened 1961 at $1.18 to $1.25 per pound of con- 
tained pentoxides for the 10 :1 ratio concentrate and $1.05 to $1.10 
for the 815 : 1 material. Demand for the latter grade disappeared 
oe the year; prices for the 10 : 1 grade, however, closed at $1.00. 
Pyrochlore sold late in the year at prices somewhat in excess of $1.00. 

The price of tantalite continued to climb throughout the year. Be- 
ginning at $7.20 per pound of contained T2,O, for a 60-percent con- 
centrate, some quotations near yearend reached $11.50, plus or minus 
104 for each percent above or below 60. London quotations in Decem- 
ber 1961 ranged from 1,700s. to 1,800s. per long ton unit. 

In November, prices of some tantalum end products were increased, 
reflecting the rise in ore costs. Oxide increased to the range of $18- 
H r pound; carbide to $22-$27, and commercial-grade powder to 

1-$32. 

No change in the prices of columbium products was announced, 
although over the long term a downward trend was forecast. 

Canadian pyrochlore began to appar in domestic markets. Nor- 
wegian pyrochlore was imported for several years, and enough was 
learned shout yrochlore from Brazil and from a second mine in 
Canada’s Oka district to permit the following comparative tabulation 
of concentrate analyses: 

Annlysis, percent 


Norway Canada! Canada 7 Brazil 
D 50-60 52 (min.) 48 58 
7 HE 1.5 (max.) 0. 5 0. 3 0. 12 

FFF 0. 14 0. 35 0. 02 (3) 
TiO psa ce A 7-10 4.5 4.6 2.8 
A». 2. 75 1 1. 1 3. 2 
( o tal en (3) 0. 23 (5) 2 
REO-+ Y0,.........-- 0. 65 4 10. 6 9. 4 
CaO as oa 15. 1 17.5 (3) 

SrO ER (3) 0. 6 2. 25 (3) 
BAO A ebe (3) (3) (3) 15 
Na misa a 1. 7 3.5 2. 2 (3) 
FFV (3) 0. 10 0. 07 1.3 


1 8t. Lawrence Columbium & Metals Corp. 
2 Columbium Mining Products, Ltd. 
3 Data not available. 


TABLE 2.—Average grade of concentrate received by U.S. consumers and dealers 
in 1961, by country of origin 


(Percent of contained pentoxides) 
Columbite Tantalite 
Country APS IIA MARA ES, 
Cha 'Ta304 Ratio Ta: O:; Cb:03 


Congo, Republic of the.................... 
Malaya, Federation of 
Mozambique C CORN MURIS ³ð AA ðͤ y A ͤ RC 


y 
Portugal and Bpain.......................- .1: 
Rhodesia and N yasuland, Federation of. 4 


1 Pyrochlore concentrate. 
3 Data not available, 
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FOREIGN TRADE * 


Imports.—In addition to raw material imports shown in tables 3 and 
4, 2,139 pounds of metallic columbium, valued at $44,486, were 
received almost entirely from West Germany. 

Exports.—Exports are shown in table 5. The columbium ore was 
shipped principally to France and Austria. Canada and Japan were 
the major destinations of tantalum metal powder. Most of the crude 
and semifabricated metal was shipped to the United Kingdom, West 
Germany, and Canada. 


WORLD REVIEW 
NORTH AMERICA 


Canada.—In October 1961 St. Lawrence Columbium and Metals 
Corp. became the first of the several columbium mines in Canada to 
produce and ship concentrate. A sales contract concluded in 1960 
with Samincorp called for delivery of 250 tons of contained columbium 
pentoxide (Cb,O;) from October 1, 1961, to December 31, 1962, and 
500 tons annually thereafter. The Anaconda Co., and Kuhn, Loeb 
and Co. were reported to be providing financial support, The St. 
Lawrence company reported a reserve of 62.6 million tons of pyro- 
chlore ore at 0.4 percent CbzOs, from which a concentrate can be made 
by gravity and flotation methods.* 

Columbium Mining Products, Ltd. (a subsidiary of Coulee Lead & 
Zino Mines, Ltd., and Headway Red Lake Gold Mines, Ltd.) con- 
tinued to drill and develop its property in the Oka district, Quebec, 
and to design a 250-ton mill based on a gravity-flotation flowsheet. 

Early in 1961, Quebec Columbium, Ltd., completed its exploration 
work and placed its property on a standby basis, pending improve- 
ment in the columbium market. 


SOUTH AMERICA 


Brazil—The pyrochlore mill of Distribuidora e Exportadora de 
Mineiros e Adubos (DEMA) at Araxá, Minas Gerais, came into pro- 
duction during the first quarter of 1961 and operated throughout the 
remainder of the year. Product was stockpiled pending satisfactory 
arrangements between DEMA and the Brazilian government as to 
conditions of export. 


EUROPE 


Columbium was reported to be of much ter interest in Europe 
than in the United States as a material of construction for nuclear 
reactors,’ although there was generally less activity in the refractory 
metals field. 


* Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 

‘Cue Img and Mining Journal. St. Lawrence Columblum Project Starts Production 
in qe V. 162, No. 10, October 1961, pp. 99-104. 

L afee, E. I. Refractory Metals in Europe, J. Metals, v. 18, No. 10, October 1961, 
pp. . 
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TABLE 3.—U.8. imports for consumption of columbium-mineral concentrates, by 


countries 
(Pounds) 
Country 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: Canada 14,000 ]...........- 35, 575 
South America: 
Argentina 4. 3685 2 262 rr PA 
Bolivia. J mr ⁊xðk᷑ßéßñ mts yx x feed a eee 
BEI! 111. 468 54. 500 101, 992 137, 648 126, 374 73, 363 
British Quiana........... 749053 IRI see DEE ↄ ³²⁰ coe E, EE 
TOAl WEG 124, 776 54, 500 104, 254 141, 239 126, 374 73, 363 
Europe: 
Germany, West 1. 223, 453 1. 653 46, 628 11, 578 GCC 
Netherlands 1c. fee eee 13, 000 45, 55344 
Norway...........-..-.-- 293, 403 236, 147 310, 858 454, 535 164, 486 |...........- 
Portugal.................. 83, 248 72, 953 65, 461 38, 083 35, 383 22, 457 
REISCH LBS AAA A VE „„ 
Sweden 35 eect sce kl A, é r EE 
United Kingdom 1 29. B21 AR / 22, 400 |seoces2ecese 
Dell! 607. 073 340. 374 422, 947 517. 196 265, 082 22, 457 
Asia: 
Adens ö ßſ ³ ³ nu A EE 
„ 3 755% Een 1177 ar ioco 5s 5 
alaya, Federation of.... 09, 077 51, 881 264, 660 3, 968 
Singapore, Colony of...... ) 267, 977 127, 524 { 322; nes Ä 17, 298 
a o AA E EE A 13, 540: A 8 
Total sita 268, 647 127, 524 709, 077 165, 427 264, 660 311, 266 
Africa: 
British West Africa / ³o·üꝗ³ VE, EE, E, VE 
Congo, Republic of the, 

and Ruanda-Urundi 3... 783, 723 905, 989 507, 725 519, 712 227, 724 113, 085 
French Equatorial Africa. / AAA EE AS 8 
Malagasy Republic . 11,619 3, 075 9, 920 11, 939 17, 412 6, 524 
Mozambique 43. 676 81, 422 171. 164 85. 249 75, 851 60, 613 
Neri ĩðͤ te 3, 705, 284 1, 804, 631 543,925 | 1,936,206 | 4,071,115 | 22,204, 580 
Rhodesia and Nyasaland, 

Federation o 111i 8 1. 983 20. 700 
Uganda gz 14, 4188 5. 771 2, 205 11. 670 20, 971 
Union of South Africa 38, 105 31,191 81,159 |...........- 4, 643 2, 240 

fr 4,611,165 | 2,826,308 | 1,319,064 | 2,555, 401 4, 410, 398 2, 527, 713 

Oceania: Australla............ / EE e 3. 395 

Grand total: Pounds... 5. 636, 084 3. 348, 706 2, 555, 942 3, 395, 816 |? 5, 066, 514 3 2, 973. 769 

Value..... $10, 349, 973 | $3, 037, 706 | $2, 345, 890 | $2, 651, 783 ¡2$3, 696, 180 | 3 $2, 527, 405 


1 Presumably country of transshipment rather than oricinal source. 

2 The Federation of Malaya has been adjusted by the Bureau of Mines to include 1960: 14,714 pounds 
$9,631); 1961: 82,507 pounds ($120, 022); Nigeria 1961, to include 113,262 pounds ($101,532) reported by the 

ureau of the Census as t intalum-inineral concentrates but believed to be columbium-mineral concentrates, 

3 Effective July 1, 1960; formerly Belgian Congo. 

4 Effective July 1, 1060; formerly Madagascar and Dependencies, 

& Classified by the Bureau of the Census as British East Africa. 


Source: Bureau of the Census, 
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TABLE 4.—U.8. imports for consumption of tantalum-mineral concentrates, by 


countries 
(Pounds) 
Country 1952-56 1957 1958 1959 1960 1961 
(average) 
South America: 
Argentina 2.205 AA 11, 635 PON EE 4, 444 
BFI. 142. 673 199, 205 159, 015 205, 898 182, 118 159, 925 
French Gulana 14, 683 SOF EIDEM AAN AA 8 

TOM cido 159, 561 202, 280 170, 650 207, 509 182, 118 164, 369 

noo 

elgium-Luxembourg !...|............ 6, 391 10, 681 21, 871 2, 426 47, 993 
Germany, West ... 131, 379999 e . 
Nied ⅛ y ß CS 8, 012 26, 495 
Norway .................- / 1571. Y EIA erates PEA AA 8 
Portugal.................. 57, 940 5, 066 32, 513 27, 227 34, 062 29, 793 
1 A //) PACO sep 3, 157 11, 148 
Sweden 4.699 9ũ9%%¶¶ 9 7 EE ͤ . EE 
United Kingdom i Ir: oe ce AA 8 

Poll 204. 474 12. 357 179. 617 49, 098 47. 657 115, 429 

IrMataya, Federation of Q) 0 

ala ya, Federation of....]| 5,45] J[ 44444 ) 
Singapore, Colony of...... ) 2,012 |.........--- { hh, oe oe 
Fü ↄ ] y MO ER 7 WT AA 8 

Doll 2:612 8 AI 6, 000 fr A 

Africa: 
Congo, Republic of the, 

and Ruanda-Urundi3...| 531,370 | 491,124 370, 120 166,317 | 332, 424 164, 277 
Malagasy Republic . 7, 406 6, 835 7,716 9,375 30, 738 11, 953 
Mozambique. ee 14, 497 24, 046 149, 777 68, 343 87, 801 219, 847 
Nigeria... 77, 431 16, 815 3A, 537 50, 902 7, 698 2 7, 848 
Rhodesia and Nyasaland, 

Federation o. 10, 766 38, 975 77, 667 44, 720 |............ 53, 008 
Uganda 5. ................ e 2, 034 2,000 ]..:.:25: 2. 36, 182 
Union of South Africa.... 5, 491 6, 010 27, 368 24, 805 2. 239 31, 677 

Total- EEN 649, 504 584, 705 669, 219 367, 152 460, 900 524, 882 

Oceania: Australia............ 41, 989 28. 923 10, 102 24, 565 4, 547 3, 402 

Grand total: Pounds...| 1,058,140 828, 265 1. 035, 588 652, 839 2 695, 222 2 808, 082 

Value $1, 920, 255 $948, 638 | $1, 838, 338 | $1, 165, 536 |? $1,127, 237 |? $1, 780, 390 


1 Presumably country of eo pent rather than original source. 
2 The Federation of Malaya has been adjusted by the Bureau of Mines to exclude 1960: 14,714 pounds 
$9,631); 1961: 82,807 pounds ($120,022); Nigeria 1961, to exclude 113,262 pounds ($101,532) reported by the 
Ed of the Census as tantalum-mineral concentrates but believed to be columbium-mineral concen- 
tes. 

3 Effective July 1, 1960; formerly Belgian Congo. 

4 Effective July 1, 1960; formerly Madagascar and Dependencies. 

5 Classifled by the Bureau of the Census as British East Africa. 


Source: Bureau of the Census. 


TABLE 5.—U.8. exports of columbium and tantalum, by classes, in 1961 


Class Pounds Value 
Columbium ores and concentratesꝛzamꝛwmmnr᷑:nrr cL LLLA cce LL LLL LL rere 56, 487 $51, 897 
Metals and alloys in crude form, and scrap a 18, 882 140, 238 
Metals and alloys in semifabricated ſormꝶo::e:e 10, 048 713, 314 
Tantalum metal powder hh hhhhhhhkhkᷣk444«««„æ. 15. 585 1189, 078 


! Adjusted by Bureau of Mines, 
Source: Bureau of the Census, 
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Netherlands.—N. V. Billiton Maatschappij and Kawecki Chemical 
Co. late in 1961 formed a joint company to make tantalum and colum- 
bium sheet and foil and tantalum anodes for the European market. 
The plant was to be located at Arnhem. 

Norway.—Norsk Bergverk A/S continued producing pyrochlore con- 
centrate throughout 1961. Shipments to the United States, suspended 
in June 1960, were resumed late in November 1961. 

Switzerland. Ciba A. G. was actively engaged in research in all 
phases of columbium and tantalum production and use. Development 
of catalysts for organic synthesis was prominent. 


ASIA 


Japan.—Data released during 1961 showed demand for about 40,000 
unds of tantalum annually. About two-thirds of this quantity was 
in the form of carbide. 


AFRICA 


British East Africa.—A general discussion’ referred to three pyro- 
chlore deposits as having substantial reserves; these were at Sukulu in 
Uganda, Mrima Hill in Kenya, and Mbeya in Tanganyika. Research 
on processes for Mbeya ore continued and official sources recommended 
similar work on Mrima Hill ores. 

Congo, Republic of the.—Exports of tantalite and columbite to the 
United States through the usual port of Matadi were limited to a 
ee 10-ton shipment. Larger quantities were routed to Dar-es- 
Salaam, Tanganyika, for export, and an appreciable quantity was 
shipped as a semi-finished concentrate to Belgium, thence to its final 
destination. However, internal unrest continued to cause difficulties 
as to both production and transportation. Early in 1961, Manono 
again became the scene of military activity, and operations at the 

eomines plant remained suspended until later in the year. 

Nevertheless, a pyrochlore deposit at Lueshe, in Kivu, was being 
explored and a columbite-tantalite-tin property, also in Kivu, was 
considered for development. 

Nigeria.—T wo tin smelters began operating in the Bauchi (Jos) 
1 region: Nigerian Embel Tin Smeltas Co., Ltd., and Makeri 

melting Co., Ltd. The mines in this area produced 2,600 tons of 
columbite in 1961, and the smelters will probably provide a source of 
columbian-bearing tin slag. 

Rhodesia and Nyasaland, Federation of.—Higher tantalite prices 
brought about a substantial increase of production. The Beryl Rose 
mine, near Darwin, an tantalite-beryl mining in January 1961. 
The Matsuo-Rhodesia Mining Co. (Pvt.), Ltd., purchased the Sutskwe 
mine, in Southern Rhodesia, and planned to produce tantalite and 
beryl. Most of the ore exported was shipped at Beira, Mozambique. 


WORLD RESERVES 
A moderately detailed study conducted on a continuing basis per- 
mits the tabulation of world columbium-mineral reserves in table 7. 


1 Sandor, J. Columbite and Pyrochlore. Min. J. (London), v. 257, No. 6579, Sept. 22, 
1901, pp. 282-283. 
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Of the reserves in the United States, 45 percent are minerals other 
than columbite or pyrochlore, and thus may entail a somewhat 
complex metallurgical treatment. 

Data on tantalum-mineral reserves were insufficient to permit 
publication. 


TABLE 7.—Free world reserves of columbium ores in 1961 
(Thousand short tons) 


Country Cb3054 Country Cb104 
content content 
f t, y ESTEE 320 
British East Africa. 1,077 || United State 178 
EE sierras cen ra 1,171 || Other countries 12 
Congo, Republic of the 451 ———— 
A A 436 lll. esceses's 10, 723 


The geology and mineralogy of the columbium-bearing deposits of 
Ravalli County, Mont., were described; * content of the ores ranged 
from 0.02 to 0.19 percent. Columbium-bearing deposits in Gunnison 
County, Colo., were similarly described.“ 

In 1961, studies of Sé E and columbium capacitors were pub- 
lished; in some applications columbium may prove to be competitive 
with tantalum. “ 

Investigators at Union Carbide Metals Co. determined that tanta- 
lum could be protected against hydrogen embrittlement by affixing a 
very minor quantity of platinum. 

Various aspects of the oxidation of columbium received the attention 
of a number of research teams.? Closely associated with this work 
was the development of coatings to protect columbium from oxidation. 
Chromium and some of its alloys, variously applied, showed some 
promise; silicide coatings worked well on columbium, but not as 


3 Heinrich, E. W., and A. A. Levinson. Carbonatic Niobfum-Rare Earth Deposits, Ra- 
1 County, Mont. Am. Miner., v. 46, Nos. 11-12, November—December 1961, pp. 1424 


* Hedlund, D. C., and J. C. Olson. Four Environments of Thorium-, Nioblum-, and Rare- 
Earth-Bearing Minerals in the Powderhorn District of Southwestern Colorado. Geol. 
Survey Prof. Paper 424B, 1961, pp. 283-286. 

10 Belz, L. H. Capacitor Grade Tantalum. J. Electrochem. Soc., v. 108, No. 8, March 
1961, pp. 229-235. Hand, R. B.. H. W. Long. and T. L. Kolski. Electrical Characteristics 
of Anodized Niobium Foil and Sintered Pellets. J. Electrochem. Soc., v. 108, No. 11, No- 
vember 1961, Pb. 1023-1028. McLean, D. A. The A-C Properties of Tantalum Solid 
Capacitors. J. Electrochem. Soc, v. 108, No. 3, March 1961, pp. 48-58. Schwartz. N., 
M. Gresh, and S. Karlik. Niobium Solid Electrolytic Capacitors. J. Electrochem. Soc., 
v. 108. No. 8, August 1961, pp. 750-758. Shtasel, H., and H. T. Knight. An Investigation 
of Columbium as an Electrolytic Capacitor Metal. J. Electrochem. Soc., v. 108, No. 4, 
April 1961, 10. 343-347. 

u Bishop, C. R., and M. Stern. Preventing Hydrogen Embrittlement of Tantalum. 
J. Metals, v. 13, No. 2, February 1961, pe 144-145. 

12 Barrett, C. H., and J. L. Corey. Oxidation of Binary Niobium Alloys. NASA Tech. 
Note D283, Lewis Research Center, November 1960, p. 27. Hicks, W. T. Oxidation of 
Columbium Monoxide. Trans. Met. Soc. AIME, v. 221, No. 2, April 1961, pp. 852-356. 
. Motion Picture Studies of Columbium Oxidation. Trans. Met. Soc. AIME, v. 
221, No. 2, April 1961, pp. 218-220. Hurlen, Tor. Oxidation of Niobium. J. Inst. Metals 
(London), v. 89, No. 8. April 1981, pp. 273-280. Kofstad, P., and H. Kjöllesdal. Oxida- 
tion of Niobium (Columbium) in the Temperature Range 500“ to 1.200 C. "Trang. Met. 
Soc. AIME, v. 221. No. 2, April 1961, pp. 285-294. Kubaschewski, O. Reduction of 
Nioblum-Oxygen Solid Solutions by Alkaline Earth Metals. J. Inst. Metals (London), 
v. 89, No. 9, April 1961, pp. 295-296. 

13 Wlodek. 8. T. Coatings for Columbium. J. Electrochem. Soe., v. 108, No. 2, February 
1961, pp. 177-185. 
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well for tantalum.“ Tantalum was protected for several hours at 
8,000° F. by a hot-dip tin-aluminum coating developed by Sylvania 
Electric Products Division, General Telephone and Electronics Co. 

Much research was published during the year on binary and terna 
alloy systems. Binary alloys of tantalum with chromium, boron, an 
thorium, and of columbium with rhenium were studied; tenary 

stems described included columbium-chromium-silicon, columbium- 
chromium-molybdenum, and tantalum-tungsten-rhenium.!* 

Some of the alloys developed during the year are listed in table 8. 
Most are for high-temperature service, but a few were devised as 
superconductors. 

A physical-chemistry study bearing on the expanding use of 
e in steel showed that columbium was similar to vanadium 
in deoxidizing power.“ 

The addition of 0.25 to 0.60 percent columbium to 430 stainless steel 
solved the problem of maintaining the desired finish during severe 
forming operations.!* 


14 Lorenz, R. H., and A. B. Michael. Oxidation-Resistant Silicide Coatings for Colum- 
bium and Tantalum Alloys by Vapor Phase Reduction. J. Electrochem. Soc., v. 108, No. 9, 
Beptember 1901, pp. 885—893. 

Auld, J. H., and N. E. Ryan. The Solid Solubility of Tantalum in Chromium. J. Less- 
Common Metals, v. 3, No. 3, June 1961, pp. 221-225. Giessen, B. C., Rolf Nordheim, and 
N. J. Grant. The Constitution Diagram Nioblum (Columbium)-Rhenium. Trans. Met. 
Soc. AIME, v. 221, No. 5, October 1961, pp. 1009-1018. Leitnaker, J. M., M. G. Bowman, 
and P. W. Gilles. High Temperature Phase Studies in the Tantalum-Boron System Be- 
tween Ta and TaB. . Less-Common Metals, v. 3, No. 4, August 1961, pp. 812-320. 
McMasters, O. D., and W. L. Larsen. Phase Equilibria in the Thorium-Tantalum System. 
J. Less-Common Metals, v. 3, No. 4, August 1961, pp. 312-320. 

3 Brophy, J. H., M. H. Kamdar, and J. Wulff. The Ta-W-Re System. Trans. of the 
Met. Soc. AIME, v. 221, No. 6, December 1961, pp. 1137-1140. Goldschmidt, H. J. The 
Constitution of the Chromium-Niobium-Molybdenum System. J. Less-Common Metals, v. 
8, No. 1, February 1001, PR 44-61. and J. A. Brand. The Constitution of the 
Chromium-Niobium-Silicon System. J. Less-Common Metals, v. 3, No. 1, February 1961, 


. 3443. 
Wu Elle, M., and J. Chipman. The Columbium-Oxygen Equilibrium in Liquid Iron. Trans. 
Met. Soc. AIME, v. 221, No. 4, August 1901 PR: 701-703. 

18 Evans, Charles T. (assigned to Univer yclops Steel Corp.). Non-Ridging Stainless 
Steels. U.S. Pat 2,965,479, Dec. 20, 1960. 
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TABLE 8.—Columbium and tantalum alloys developed in 1961 


Compositi t 
Developed by Desig- DEE 
nation 
dk ze | v Mo | W Ti Other 


High-temperature alloys 


Armour Research Foundation 


Battelle Memorial Institute 
E.I. 5 Pont de Nemours & Co. Inc. 


CC 


| 0 ͤ . WW nmm 


Do 
General Electric Co —ꝛ— 
Haynes Stellite Division of Union 
arbide Corp..................... 
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Atomics International Division of 
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Data not available, 
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HE COPPER industry in the United States in 1961 was marked 
Toy record mine production, a fairly stable price, decreased im- 
ports, and a high rate of consumption. Domestic mine output 
exceeded 1960 by 8 percent mainly because of virtually uninterrupted 
operations at producing properties and the startup of a new mine. 
he price of domestic copper rose to 31 cents a pound, delivered, by 
the middle of May and remained unchanged for the rest of the year. 
The return of the United States to a net-exporting nation, which 
began in 1960, became more pronounced in 1961. Imports decreased 
to the lowest point since 1947, but exports closely paralleled the high 
shipments in 1960. Demand for refined copper continued high, and 
consumption rose 8 percent over 1960. 
Production gains in many countries, notably Canada, Chile, and 
Peru, raised 1961 world mine output to a new high record. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Through the Office of Minerals Exploration (OME), the Govern- 
ment participated with private industry to the extent of 50 percent 
of the financial risk in exploratory ventures judged capable of increas- 
ing the Nation’s resources for selected mineral commodities. In 


1Commodity specialist, Division of Minerals, 
$Statistical assistant, Division of Minerals. 
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TABLE 1.—Salient copper statistics 


1952-56 1957 1958 1959 1960 1961 
(average) 


—— | es | A — | GS —ñ—ñ—. 


United States: 
Ore produced ! 
thousand short tons..| 107,798 129, 716 114, 824 103, 716 134, 994 142, 722 
Average yield of copper 
percent.. 0. 82 0. 77 0. 79 Q. 74 0. 73 0. 75 
Primary (new) copper produced— 
From domestic ores, as reported 


MË 


Mines short tons. 958,001 | 1,086, 859 979, 329 824. 846 | 1,080, 169 | 1,165, 155 
Values thousands. ] $631,210 $654, 289 $515, 127 $506, 455 $693, 468 $699, 093 
Smelters 2 short tons.. 966, 006 | 1,081,055 992, 918 799, 329 | 1,142, 848 | 1, 162, 480 
Percent of world total........ 28 27 25 19 23 23 
Refineries short tons. 954, 969 | 1,050, 496 | 1,001, 645 796, 452 | 1,121,286 | 1, 181,015 


From foreign ores, matte, etc., 
refinery reports. ...short tons.. 338, 596 403, 680 350, 875 301, 795 397, 641 369, 124 


eee | ees —fä—— ——ͥͤ— — ͤ | — 


Total new refined, domestic 


and forcign...... short tons. .] 1,293, 565 | 1,454,176 | 1,352,520 | 1,098, 247 | 1,518,927 | 1,550, 139 

Secondary copper recovered from 

old scrap only short tons..| 446, 833 444, 492 411, 367 471, 007 429, 365 411, 110 
Imports, general: 

Unmanufactured 7. do....| 615,933 594, 032 496, 301 570,891 | 3524, 344 457, 669 
0 neger ee do....| 240,043 162, 309 128, 464 214, 058 142, 709 66, 855 

xports: 

Metallic copper 4. do....| 247,347 | § 428, 78714428, 015 6196, 012 |35 6510, 494 | 5 6 486, 359 

Refine do 184, 518 346, 025 384, 868 158, 938 433, 762 432, 253 
Stocks Dec. 31: Producers: 

Refined.............. short tons.. 42, 000 109, 000 48, 000 18, 000 98, 000 49, 000 


Blister and materials in solution 
short tons..| 212,000 274, 000 257, 000 253, 000 261, 000 236, 000 
!! do....| 234, 000 383, 000 305, 000 271, 000 359, 000 285, 000 
Withdrawals (apparent) from total 
supply on domestic account: 
Primary copper. short tons. . 1,347,000 | 1,239,000 | 1,157,000 | 1, 183,000 | 1,148,000 | 1,234,000 
Primary and old e per (old 


scrap only)) ort tons..| 1,794,000 | 1,683,000 | 1,568,000 | 1,654,000 | 1,577,000 | 1,645, 000 
1 Averuge._cents Di pound.. 732.4 7 30.1 126.3 130.7 132.1 7 30. 0 
orl 
Production: 
Mn cose: short tons. . 3, 280, 000 | 3,890,000 |3 3,780, 000 |3 4,030, 000 |3 4,640, 000 | 4, 850, 000 
Smelter <font on ho ew oe do....| 3, 460, 000 | 4,040, 000 | 3,950,000 | 4, 190,000 | 4, 950, 000 | 5, 060, 000 
Price: London, average 
cents per pound.. * 38. 69 27.36 24.79 29. 80 30. 81 28. 73 


t Includes old tailings smelted or re-treated. Not comparable with mine production figure shown in 
that latter includes recoverable copper content of ores not classified as “copper.” 

2 Data are “general” Imports; that is, they include copper imported for immediate consumption plus 
material entering country under bond. Comprises copper in ingots, plates, and bars, ores and concentrates, 
regulus, blister, and scrap. 

3 Revised figure. 

d Total exports of copper, exclusive of ore, concentrates, composition metal, and unrefined copper. Ex- 
188 re Y "Other manufactures of copper,’ ' for which quantity flgures are not recorded before 1953. 
See table 

Due to changes in classification 1957-61 data are not strictly comparable with carller years. 

* Beginning Jan. 1, 1958, copper rods not separately classifled; included in “Other copper manufactures.'* 

! Exclusive of copper produced abroad and delivered in the United States. ! 

3 Average for 1954-50. 


1961 one new contract was made to explore for copper ore, in con- 
mn with cobalt, at the Idaho Copper mine, Lemhi County, 
daho. Estimated total cost of the project was $88,030. 

The 1.7-cent-a-pound excise tax on copper imports, effective July 1, 
1958, was unchanged. 
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FIGURE 1.—Production, EE 8 0 price of copper in the United States, 
10-61. 


DOMESTIC PRODUCTION 
PRIMARY COPPER 


Mine Production.—Domestic production rose 8 percent to a new 
record; 1961 output was 6 percent above the former peak of 1,104,000 
tons in 1956. The new record in mine production was attributed 
largely to relatively strike-free operations and to the startup of 
production ahead of schedule at the Mission project in Arizona. 

Arizona supplied 50 percent of the total U.S. output and continued 
to lead all States in mine production by a wide margin. Production 
rose 9 percent over 1960 to a new record. The Mission project, 15 
miles southwest of Tucson, an open-pit operation of American Smelting 
and Refining 5 was completed about 6 months ahead of sched- 
ule, and production began in August. Development and operating 
data on the Mission project were published.’ 

Utah continued to rank second among major copper-producing 
States, although output declined 2 percent below 1960, and its share 


3 Engineering and Mining Journal. V. 163, No. 1, January 1962, pp. 70-79 
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of the total output decreased from 20 to 18 percent. A 21-day strike 
at the Utah Division of Kennecott Copper Corp.—the leading copper 
producer in the United States—mainly caused the reduced output. 

Third-ranked Montana’s 1961 production was the largest since 
1944. It increased 13 percent over 1960 and represented 9 percent 
of the totel U.S. output. New Mexico and Nevada, ranked fourth 
and fifth, respectively, in production, and each supplied 7 percent of 
the U.S. total copper output. New Mexico's output, increasing 18 
percent over 1960 production, was the highest since 1942. Output 
in Nevada increased only slightly. Michigan, ranking sixth, pro- 
duced 6 percent of the total output, 25 percent more copper than in 
1960. 

Classification of production by mining method showed that approxi- 
mately 74 percent of the recoverable copper and 80 percent of the 
copper ore came from open pits. Most domestic copper ore was 
treated by flotation at or near the mine, and the resulting concentrate 
was shipped for smelting. Some copper ores were direct-smelted, 
either because of their high grade or because of their fluxing qualities. 

The first 5 mines in table 6 produced 50 percent of the U.S. total, 
and the entire 25 furnished 97 percent. 


TABLE 2.—Copper produced from domestic ores, by sources 


(Short tons) 

Year Mine Smelter Refinery Year Mine Smelter Refinery 
1957........... 1,086,859 | 1,081,055 | 1,050,496 || 1960.......... 1. 080. 160 | 1,142, 848 1, 121, 286 
1958—— 979. 320 992,918 | 1,001,645 || 1961.......... 1,165,155 | 1, 162, 480 1, 181, 015 
1959........... 824, 846 799, 329 796, 452 


TABLE 3.—Copper ore and recoverable copper produced, by mining methods 
(Percent) 


Open pit Underground Open pit Underground 
Year 
Ore |Copper| Ore | Copper 
ME Lass 8 68 57 32 
11. 68 61 32 
e ------ 66 58 34 
A 73 DN 27 
IIb 76 68 24 
190 tee corn re 78 70 22 
o 81 74 19 
19881 84 74 16 
AMA 85 77 15 


TABLE 4.—Mine production of recoverable copper in the United States in 1961, 


by months ! 

Month Short tons Month Short tons 
A A A A r . 84. 028 
Pf dme nn m Eis 88,712 || September eege 98, 265 
March... . eis an) 100, 796 || October —— lll ll ll ell. 104, 620 
ADT EE 91,314 || November. n 104, 393 
EEN 102,826 || December 103, 250 

J A A 99, 331 
r A es dees eseresess 89, 941 TOU NEE 1, 165, 155 


Monthly figures adjusted to final annual mine-production total. 
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TABLE 7.—Copper ore sold or treated in the United States in 1961, with copper, 
gold, and silver content in terms of recoverable metals ! 


Recoverable metal content 


AAA OF 

Ore sold gold and 

State or treated Gold Silver silver per 

(hort tons) (fine (fine ton of ore 

ounces) ounces) 

Alaska.........--..........-.] | 152 1384, 233 60.60 |.......... 1, 913 $11. 64 
AVIZONG EE 71, 918, 991 129, 184 | 4,380, 458 . 12 
Californía..................- ; 4, 504 43, 721 10. 18 
Colorado 15. 764 5, 232 ; 34. 92 
Te EG 564 22, 317 19 
Michigan 2. 9, 232, 210 140,490,000 | .76 |..........|.-..........].........-.- 
Montana 12, 533, 042 18, 133 2, 679, 279 . 25 
Nerds 12, 008, 578 44,011 241, 222 .15 
New Merxico....-....-..-.-- 7, 379, 114 4,612 81, 260 .03 
North Carolina............. 295, 135 1, 25, 311 .30 
ennessee 222... 1, 452, 330 152 83, 417 .06 
DTT. eder 27, 844, 693 323, 850 | 2, 428, 969 . 49 
Washington 474 71 452 1. 97 
Total . sis 142, 721, 798 532, 215 | 10, 385, 661 20 


1 Excludes copper recovered from precipitates as follows: Arizona, 68,608,300 pounds; Montana, 7, 972, 200 
pounds; New Mexico, 43,148,600 pounds; Utah, 18,660,800 pounds. 

3 Includes tailings. 

3 Copper-zinc ore. 

4 Excludes small quantities for Oregon. Bureau of Mines not at liberty to publish. 


TABLE 8.—Copper ore concentrated in the United States in 1961, with content in 
terms of recoverable copper 


Ore Recoverable copper content 
State concentrated 
(short tons) 
Pounds Percent 

Al NH ER RN 171,332,364 | 1,046, 359, 300 0.73 
RE e AT E , 303 , 481, 3. 84 
rr ⁵ð V ĩ ͤ 230 7,600 1.65 
I A IN A 18, 623 824, 000 2. 21 
Michigan EE 9, 232, 210 140, 490, 000 76 
e ß II 12, 532, 512 199, 489, 500 . 80 
A p ee uui Ln A 3 11, 940, 292 3 154, 304, 300 . 65 
Now U ³ꝛ¹AÜ¹¹ A Ä UU aad cu nC 4 7, 306, 312 $ 113, 229, 500 Pr iri 
Worth sesion 295, 135 11, 856, 000 2.01 
l! . 1. 452, 330 24, 544, 000 .84 
Ill seu o A once cal 27, 844, 650 402, 704, 300 .72 
A IA nnn 1, 425 50, 000 1.75 
C . A A Sinni 141, 975, 386 | 2,095,340, 200 .74 


1 Includes ore that was treated by leaching followed by concentration. 

3 Includes tailings. 

3 Includes ore treated by straight leaching, and copper precipitates recovered therefrom; Bureau of Mines 
not at liberty to publish. 

4 In addition 12,300 tons were treated by vat leaching. 

$ In addition 133,700 pounds of eopper were recovered by vat leaching. 

* Copper-zinc ore. 


Smelter Production.—The recovery of copper from domestic ores 
by smelters in the United States rose 2 percent in 1961 to establish 
a new record. Copper produced from foreign materials was less than 
half that of 1960 and the smallest since 1959, but output from second- 
ary sources rose 5 percent. Total output of the smelters decreased 
2 percent. 

Smelter-production data are based upon reports from domestic 
primary smelters handling copper-bearing materials. Blister copper 
18 accounted for in terms of copper content. Production of furnace- 
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TABLE 9.—Copper ore shipped to smelters in the United States in 1961, with 
content in terms of recoverable copper 


Ore shipped to smelters 


Btate Recoverable copper content 
Short tons 


Alnskü- a 152 

V0 ³¹ n A ĩ ER ERE 586, 627 

File ⁵ 

SSS ³ðV/ E 15, 534 

/ö§;ö;o%ðÜo·⁵łũ T ³¹P ⅛ͤͤ-KA k 2, 243 

h ³˙ AAA... ⁰⁰ mtmtds T8 

A O ⁵⁵ dev s c m ß mn d 8 

rr ß ³ð A ue 530 

Nee A d 8 88, 286 

/ O ““UÖA⁴˖ t. m 60, 502 

North © aroun õõõ o. ͥ ⁰-M ³ Ä ³0 ⁊ dd 8 

di MAA ] . ⁵ dd d d y d GE 

((( ⁵ĩ;¹li. YVr. d 

111i dd yd ß... ea AC 43 

Wasn ee eege de EE A0 

Err e EE, A WE, ncs nas idae 
Tota loco aa 734, 112 


1 Excludes small quantities for Oregon. Bureau of[M ines not at liberty to publish, 


TABLE 10.—Copper ores! produced in the United States, and average yield in 
copper, gold, and silver 


8melting ores Concentrating ores 


Year Yield Yield | Yield | Yield | Value 

in cop- Short in cop- | per ton | per ton | per ton 

Short tons 3 per, tons 23 ín in n gold 

gold, | silver, | and 

silver 
1952-56 (average).. 103, 366, 869 0. 80 90. 27 
183 ⁵—¹0.b-.ꝝg 124, 640, 436 . 76 .23 
1958... 8 114, 027, 754 . 77 .21 
1859 103, 239, 445 . 72 . 18 
TOO cocoa 134, 306, 380 .72 . 20 
1 6 141, 975, 386 .74 .20 


1 Includes old tailings, smelted or re-treated, etc., for 1952. 
3 Includes some ore classed as copper-zinc ore. 
3 Includes copper ore leached. 


refined copper in Michigan is included in smelter production and 
in refinery output. Metallic and cement copper recovered from 
leaching solutions are included in smelter production. 

The quantity and value of copper produced from domestic ores 
by smelters in the United States were shown by years for 1845-1960 
in Minerals Yearbook, 1960, volume I. 

Refinery Production.—Output of primary copper by the 15 primary 
refineries in the United States in 1961 was slightly larger than in 1960. 
Nine plants employed electrolytic refining only; three used the furnace 
5 two used both electrolytic and furnace methods; and one 

e-refined part of its blister but shipped the remainder to electro- 
lytic refineries. The Inspiration Consolidated Copper Co. at Inspira- 
tion, Ariz., produced electrolytic copper directly from leaching 
solutions; a substantial part of this copper was shipped as cathodes 
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TABLE 11.—Copper produced by primary smelters in the United States 
(Short tons) 


to other refineries for mene and casting into commercial shapes. 

The electrolytic plants, excluding the slant at Inspiration, had a 
rated capacity of 1,929,000 tons of refined copper a year and produced 
at 93 percent of capacity. 

There were six large electrolytic refineries on the Atlantic seaboard ` 
(two each at Baltimore, Md., and Perth Amboy, N.J., and one each 
at Carteret, N.J., and Laurel Hill, N.Y.), three lake refineries on the 
Great Lakes, and four electrolytic refineries west of the Great Lakes 
(one each at Great Falls, Mont.; Tacoma, Wash.; El Paso, Tex.; 
and Garfield, Utah). The El Paso plant of the Phelps Dodge Refin- 
ing Corp. and the Carteret plant of the American Metal Climax, 
Inc., produced fire-refined in addition to electrolytic-grade copper. 


TABLE 12.—Primary and secondary copper produced by primary refineries in the 
United States 


(Short tons) 
1952-56 1957 1961 
(average) 
From domestic ores, etc.: ! 
Electrolytic................. 851, 108 945, 304 1, 037, 489 
Ell 8 32, 060 68. 814 70, 061 
Casting 71, 801 46, 288 73, 465 
y AAA 954, 969 | 1,050, 496 1, 181, 016 
From foreign ores, etc.: 1 
Electrolytic................. 3296, 808 372, 791 355, 009 
Casting and best select. 11, 698 30, 889 14, 115 
Total refinery production 
of primary copper 1, 293, 565 | 1, 454, 176 1, 550, 139 
Secondary: 
Electrolytic 1 . 170, 824 203, 073 231, 836 
A A A 15, 631 8, 521 11, 294 
Total secondar / 188. 455 211. 594 243, 130 
Grand total 1, 480, 020 | 1, 665, 770 1, 793, 260 


1 The separation of refined copper into metal of domestic and foreign origin is only approximate, as accurate 
separation is not possible at this stage of processing. 
2 Includes copper reported from foreign scrap. 


Copper Sulfate.—Production and shipments of copper sulfate 
declined 16 and 14 percent, respectively, in 1961. Of the total 
shipments of 46,500 tons (54,300 in 1960), producers’ reports indi- 
cated that 17,800 tons (16,700) was for agricultural uses, 20,000 
(20,000) for industrial uses, and 8,700 (17,600) for other purposes, 
chiefly for export. Stocks on December 31 were the largest since 
the end of 1953. 
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TABLE 13.—Copper cast in forms at primary refineries in the United States 


1960 1961 
Form 
Thousand | Percent ¡ Thousand | Percent 
short tons short tons 
OCS ees A E E E A, 159 9 176 10 
CUR EE EE 134 8 145 8 
ind 158 9 194 11 
Ingots and ingot bars 124 7 164 9 
A A A 1, 180 66 1, 096 61 
Other TOMAS acia 16 1 18 1 
TOA. ⁵ ⁵ 1, 771 100 1, 793 100 


TABLE 14.— Production, shipments, and stocks of copper sulfate 
(Short tons) 


Production 
Shipments Stocks 


Year (gross Dec. 31! 


Gross Copper weight) (gross 
weight content weight) 
1052-55 (BVerage). RRA 75,454 5, 6S3 
NV 70, 256 3, 828 
LUG EE 46, 580 5,168 
TE EEN 42, 100 2, 500 
/// ⁵²ů Lee eon IR A 54, 272 5, 480 
WG D 46, 544 6, 740 


1 Some small quantities are purchased and used by producing companies, so that the figures given do not 
balance exactly. 


SECONDARY COPPER AND BRASS 


Recovery of copper in unalloyed and alloyed form from all classes 
of nonferrous scrap metal in the United States totaled 848,900 tons, 
3 percent less than in 1960. Of the 24,200-ton decrease in recovery 
from copper-base scrap, primary copper producers contributed 9,400 


TABLE 15.—Secondary copper produced in the United States 
(Short tons) 


1958 1960 1961 


Copper recovered as unalloyed copper..... 248,015 | 255, 121 300, 259 279, 511 
Copper recovered in alloys 122 593,872 | 542, 267 571, 129 ; 
85 Total secondary copper. ....... — 841,887 | 797,388 871, 388 848, 939 
urce: 
NEW STAD sce we . 397,395 | 386, 021 442, 023 437, 829 
M EE 444,492 | 411,367 429, 365 411, 110 
Percentage equivalent of domestic mine 
A E 77 81 81 73 


1 Includes copper in chemicals, as follows: 1952-56 (average), 17,126; 1957, 14,240; 1958, 9,491; 1959, 10,061; 
1960, 12,714; and 1961, 10,708. 
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tons; foundries, 7,800 tons; secondary smelters, 4,600 tons; and brass 
mills and chemical plants supplied the remainder. New and old 
scrap furnished nearly equal portions of the copper recovered. 

Consumption of purchased copper-base scrap declined 3 percent 
in 1961. Secondary smelters consumed 328,300 tons of copper scrap, 
of which 255,600 tons was old scrap. Primary copper producers 
used 220,700 tons of old scrap and 169,300 tons of new scrap. Of 
the 347,800 tons consumed by brass mills, 325,000 tons was new scrap 
and 22,800 tons was old scrap. Foundries and other plants consumed 
104,000 tons of scrap. 

Production of secondary copper and copper alloy products de- 
creased 4 percent. Unalloyed copper products, most of which were 
recovered as refined copper by primary copper refineries, decreased 
7 percent, and brass mill products declined 2 percent. Brass and 
bronze ingot production was unchanged. 


TABLE 16.—Copper recovered from scrap processed in the United States, by kind 
of scrap and form of recovery 


(Short tons) 
Kind of scrap 1960 1961 Form of recovery 1960 1961 
New scrap: As unalloyed copper: 

Copper-base.............. 436, 326 | 431,947 At primary plants 251, 754 231, 836 
Aluminum-base........... 6, 550 5, 690 At other plants............ 48, 505 47,675 
Nickel-buse............... 114 171 — 
Eine bs 33 21 eff! A 300, 259 279. 511 
isl! 442,023 | 437,829 || In brass and bronze........... 639, 765 537, 581 
=== |====——|| In alloy iron and steel 2,779 2, 662 
Old scrap: In aluminum alloys. .......... 15, 605 18, ?91 
Copper- base 426,222 | 406,354 || In other alloy 206 186 
Aluminum- base 2, 505 4,181 || In chemical compounds 12, 714 10, 708 
Nickel- base 546 528 — ——ů— 
Fin hass 25 24 Total ositos 571,129 569, 428 

Zinc-base................. 07 23 
— —d Grand total 871, 388 848, 939 

Pot. ; 429,365 411,110 

Grand total 871, 388 848, 939 


TABLE 17.— Copper recovered as refined copper, in alloys and in other forms, 
from copper- base scrap processed in the United States 


(Short tons) 


From new scrap From old scrap Total 


1960 1961 1960 1961 


ee o ——— e — — a RON EN 


Recovered by— 
Secondary smelters..................- 
Primary copper producers 
Brass Mils cece oreo ec ³ 8 
Foundries and manufacturers......... i ; 
Chemical plants 22 1. 239 1. 168 K ; 6, 763 


—— . ——— | —— | — Á— | ——. | e 


200,854 | 198,161 | 251,104 2406, 498 


65987 3—62———38 
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TABLE 18.—Production of secondary copper and copper-alloy products in the 
United States 


(Short tons) 


Gross weight 
Item produced from scrap 


Unalloyed copper products: 
Refined copper by primary producers. eh 
Refined copper by secondary smelters. e ee 
Copper DIME daa ame 
COD DOr Cast gl. ca ano 


Item produced from scrap 


— —— — e | ee 


Brass and bronze ingots: 


Penn , JO A 2- esnez. 15, 513 15. 740 
Leaded tin bronze 6 Eo me o 16, 605 15, 980 
Leaded red bronze kk 5 | 5 dii. 83, 938 81, 594 
Leaded semired brass 817 19 fa.. 64, 108 71.310 
High-leaded tin bronze..................... oo 14. 897 13, 4&8 
KI, GE 6| 8 p 2 oo 14, 040 12, 553 
Dee Gaeren 5| 20> tees oe MA 3, 591 3, 842 
Leaded yellow brass 1| 3 |30 |...... 11, 760 9, 952 
EE ‘ ] zm Am 
LOW AAA E mI WERE IAE A EA uU. GE 2, 622 3, 361 
Conductor bronze: 94 2| 2 E E 481 638 
Manganese bronze 60 Cu 40 Zn, + Mn, Al, etc..... 12. 590 11,377 
Aluminum bronze: 90 Cu 10 Al, + Mn, Zn, Fe, etc. 8, 452 6, 62 
Silicon brongegg‚g rasa 92 Cu +Si, +Zn, Fe, Al, Mn.. 4, 008 3, 602 
Copper-base hardeners and special alloys. . 6 12, 411 11, 551 
TOA ts 266, 012 265, 016 
Brass o lo AAA A ß Nue d eee E 348, 074 342. 353 
Brass and bronze castings... 022 é 77, 941 66, 216 
Brass FiO WO CP ⅛ ¼ ̃ Z y 00 dd 1. 597 1. 3 
Copper in chemical pech, EE eer 12. 714 10, 708 
Grand total. a ID uU Esq PM 1, 006, 597 965, 467 


TABLE 19.—Composition of secondary copper-alloy production 
(Short tons, gross welght) 


Year Zinc Nickel Alumi- Total 
num 


Brass and bronze production: ! 


IUD EEN 266, 012 
CV!!! THEN 265, 016 
Becondary metal content of 
brass-mill products: 
117 348. 074 
F cate Her ira 342, 383 
Secondary metal content of 
brass and bronze castings: 
0 EA E ee 77, 941 
A IO 66, 216 


L A bout 95 percent from scrap and 5 percent from other than scrap. 
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TABLE 20.—Stocks and consumption of copper scrap in the United States in 1961 


(Short tons, gross weight) 


Receipts Consumption 
Class of consumer and type of | Stocks Stocks 
scrap Jan. 1 |Purchased| chine Dec. 31 
Secondary smelters: 
No. 1 wire and heavy copper.| 2, 663 2, 677 
No. 2 wire, mixed heavy, 
and light copper........... 3, 380 3,114 
Composition or red brass....| 4,148 , 948 
Railroad-car boxes........... 153 364 
Yellow brass 4, 361 7, 681 
Cartridge cases and brass 304 47 
Auto radiators (unsweated) ..| 2, 624 2, 581 
RPA ER Es 2, 400 1, 571 
Nickel sllver................. 905 760 
Low brass 376 281 
Aluminum bronze........... 211 244 
Low-grade scrap and resi- 
(IT EE 3, 833 3, 667 
Total EE 25, 418 26, 915 
Primary producers: 
No. 1 wire and heavy copper..| 2,479 1, 683 
No. 2 wire, mixed heavy, 
and light copper b, 442 5, 419 
Refinery brass 4, 931 748 
Low-grade scrap and resi- 
Ans 8 EN 53, 647 28, 900 
Del... 66. 499 36, 750 
Brass mills: ! 
No. 1 wire and heavy copper. 6, 828 6, 930 
No. 2 wire, mixed heavy, 
and light copper 8, 555 4, 
Yellow brass 15, 771 15, 867 
Cartridge cases and brass....| 2,834 2, 328 
Bronze. eege emus ue 427 
Nickel silver 2, 584 2, 763 
Low brass 2, 613 2, 484 
Aluminum bronze. 149 154 
Mixed - alloy scrap.........-. 8. 543 8. 830 
Total 1 weer coso. EE EE EE 42, 304 43. 037 
Foundries, chemical plants, and 
other manufacturers: 
No. 1 wire and heavy copper. 2, 638 2, 359 
No. 2 wire, mixed heavy, 
and light copper 1, 625 1, 435 
Composition or red brass....| 2,008 L 606 
Railroad-car boxes 1, 967 2, 154 
Yellow brass 1, 466 1, 362 
Auto radiators (unsweated) . 224 896 
Bronte .........-.-----...-- 1, 072 1, 164 
Nickel silver 37 61 
Low brass 203 277 
Aluminum bronze. 233 259 
Low-erade scrap and resl- 
32 8 653 706 
VK, NW — 12, 124 11, 867 
Grand total: 3 
No. 1 wire and heavy copper.| 13, 008 12, 649 
No. 2 wire, mixed heavy, 
and light copper 14, 002 14, 301 
Composition or red brass....| 6,154 5, 554 
Railroad-car boxes. 120 2, 518 
Yellow brass 21, 598 24, 910 
Cartridge cases and brass....| 3,138 2.37 
Auto radiators (uns weated) ] 2. 848 2 976 
Bont. 8 959 3. 083 
Nickel sil ver 3, 626 3. 584 
Low brass........-...------.- 3, 192 3, 022 
Aluminum bronge 593 657 
Low-grade scrap and resi- 
dues 4 wwe em e 63, 064 h 34, 110 
Mixed-alloy scrap....-....-- 8, 543 11, 400 
Pot é 146, 345 [I, 140, 969 590, 545 1579, 552 11,170,097 | 27,524 | 118, 569 


1 Brass-mill stocks include home scrap; purchased scrap consumption assumed equal to recelpts, so that 
lines in brass-mill and grand total sections do not balance. 

3 Of the totals shown, chemical plants reported the following: Unalloyed copper scrap, 977 tons of new 
and 4,290 old; co -base alloy acrap, 903 tons of new and 5,342 old. 

3 Includes e-shop scrap receipts and consumption for foundries, chemical plants, and otber manu- 


facturers. 
4 Ineludes refinery brass. 
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TABLE 21.—Consumption of copper and brass materials in the United States, by 
principal consuming groups 


(Short tons) 
Foundries, 
Primary chemical | Secondary 
Year and item producers | Brass mills | Wire mills | plants, and | smelters Total 
miscella- 
neous users 
1960: 
Copper scrap............- 400, 781 355, 487 |...........- 116, 687 335, 479 1, 208, 434 
Refined copper . 486, 460 828, 823 26, 407 8,206 | 1, 349, 896 
Brass ingo 4 æ 6,054 126 3259, 857 266, 037 
Blab AEN BEE 86, 639 |...........- 3, 227 9, 157 99, 023 
18815 iscellaneous.............|...........- 60 OS 465 4, 106 4, 631 
Copper te 97 0 --....-.-. 390, 043 347, 840 |............ 103, 952 328, 262 1, 170, 097 
Refined copper 1..........|............ 599, 7 823, 799 29, 762 9, 504 1, 462, 830 
Bras hh 86 5, 463 35 3 264, 454 |...........- 269, 952 
Sab il [eom eu rte 113,117 EE 2, 714 12, 692 128, 523 
Miscellaneous 4 3 211 2, 717 E 


1 Detailed information on consumption of refined copper will be found in table 25. 
3 Shipments to foundries by smelters minus increase in stocks at foundries, 


TABLE 22.—Dealers’ monthly average buying price for copper scrap and 
consumers’ alloy-ingot prices at New York in 1961 


(Cents per pound) 


Grade Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Aver- 
age 


— | ete —ß—— — — — b — — — 


No. 1 Heavy 
copper serap. 21. 46 [21.69 22. 75 23. 54 25. 14 [25. 01 |24. 42 24. 79 24. 70 23. 80 23. 44 [23.57 | 23.09 
No. 1 Composition 


3 16. 49 16. 47 17. 87 18. 77 20. 97 21. 17 20. 75 21. 26 21. 37 20. 75 20. 42 [20.25 | 19.71 
No. 1 Composition 
ingot....-....-- 27.73 |27.31 28. 08 |29. 55 |31.53 |32.00 |32.00 |32.00 |32.00 |32.00 32. 00 |32.00 | 30. 68 


Source: Metal Statistics, 1962, 


TABLE 23.—Foundry consumption of brass ingot, by types, in the United States 


(Short tons) 
Type of ingot 1952-54 1957 1958 1959 1960 1961 
(average) 

Tin bronr ee 15, 536 15. 408 10, 272 11.257 9, 689 11, 152 
Leaded tin bronze............ 28, 404 23,118 20, 591 24, 868 23, 818 22, 876 
Leaded red bras 150, 379 138, 289 138, 183 162, 798 142, 817 149, 405 
High-leaded tin bronze........ 24, 299 24, 691 17,47? 19, 413 18, 076 16, 739 
Leaded yellow brass.........- 18, 974 15, 906 15, 790 17, 344 15, 887 12, 072 
Manganese bronze 14, 216 11, 436 8,155 9, 609 9, 540 8, 429 
Huardeners 2, 185 2, 348 1, 565 2, 185 2, 208 2, 439 
Nickel silver Gë 3, 450 2, 007 2, 428 2, 921 2, 732 2, 792 
WD ira ne 7, 421 8, 631 6, 690 7, 699 7, 305 7, 505 
Tot. 264, 864 242, 7 221, 152 258, 094 232, 192 234, 009 


Apparent withdrawals of primary copper rose 7 percent in 1961. 

Actual consumption of refined copper increased 8 percent. These 
data are based on reports from consumers of quantities entering proc- 
essing, with no adjustment for stock changes of material in process. 


COPPER 509 


Unlike table 24, in which only new copper is included as far as possible, 
table 25 does not distinguish between new and old copper but includes 
all copper in refined form. 

Although uses for refined copper remained the same as in previous 
years, wire-mill consumption decreased from 61 percent in 1960 to 56 
percent of the total in 1961, and brass-mill consumption rose from 36 
to 41 percent. 


TABLE 24.—Primary refined-copper supply and withdrawals on domestic account 
(Short tons) 


Supply and withdrawals 1952-56 1961 
(average) 


es | or es —— —ñ —ß ———— — ee RD 


Production from domestic and 


foreign ores, ete..........--- 1,293,565 | 1,454,176 | 1,352, 520 | 1,098,247 | 1,518, 927 1,550, 139 
Imports 246, 043 162, 309 128, 464 214, 058 142, 709 66, 855 
Block Jani I... 34, 000 78, 000 109, 000 48, 000 18, 000 98, 000 

Total available supply..| 1,573,608 | 1,694,485 | 1,589,984 | 1,360,305 | 1,679,636 1, 714, 994 
Copper exports 1 184, 518 345, 025 384, 868 158, 938 433, 762 432, 253 
Stock Dec. 31 1 42, 000 109, 000 48, 000 18, 000 98, 000 49, 000 

d Re AA 226, 518 455, 025 432, 868 176, 938 631, 762 481, 253 
Apparent withdrawals on do- 


mestie account 222 1,347,000 | 1,239,000 | 1,157,000 | 1,183,000 | 1,148,000 1, 234, 000 


1 May include some copper refined from scrap. 
3 Includes copper delivered by industry to the national strategic stock pile. 


TABLE 25.—Refined copper consumed, by classes of consumers 


(Short tons) 
Ingots Cakes 
Year and class of consumer | Cathodes} Wire and and Billets Other Total 
bars ingot slabs 
bars 
1960: 

Wire mills. ................ 3,928 | 810,570 / aen aut 875 828, 823 
Brass mills................. 74, 993 48, 776 80, 247 137, 607 144, 725 52 486, 460 
Chemical planta............|.--.......]. ---.....- A65 oca uus esos sume 571 1,036 
Secondary smelters......... 5,939 |.........- 1,913 7 177 8, 206 
Foundries_..............-.- 4, 644 92 10, 224 26 275 16, 161 
Miscellaneous 1. 1, 220 5 2, 328 6 558 §, 003 9, 219 

ll! 90, 724 859, 443 108, 627 137, 876 145, 558 7,668 1, 349, 896 

1961: 

Wire millss 604 | 812,065 AAA EE 774 823, 799 
Brass mils 119, 172 42,391 95, 043 152, 87 189, 333 50 599, 765 
Chemical plants. 44 æ S EE 549 1, 269 
Secondary smelters 6.782 Nese coke ce 2, 390 AS 160 9, 504 
Foundries 6. 157 92 9,186 |.........- 720 923 17,078 
Miscellaneous 1 2, 532 4 4,072 25 505 4, 277 11, 415 

Total —— 135,247 | 854,552 | 122,667 | 153,073 | 190,558 6,7 1, 462, 830 


t Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper 
powder and copper shot, and miscellaneous manufacturers. 


STOCKS 


Stocks of refined copper in the United States declined 50 percent 
and unrefined stocks decreased 10 percent to the lowest point since 
1955. 

According to the United States Copper Association, fabricators’ 
stocks of refined metal (including in-process copper and primary 
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fabricated shapes) were 461,300 tons at the end of 1961, slightly 
larger than those on January 1. Working stocks (see table 27) were 
361,300 tons, a 2 percent decrease from 1960. After unfilled sales 
orders for metal were discounted, copper classed as available for sale" 
totaled 45,400 tons, 10,000 greater than at the end of 1960. 

Data on Government inventories of strategic materials as of De- 
cember 31, 1961, revealed that 1,142,000 short tons of copper was 
stockpiled. Of this quantity, 1,009,000 tons was in the national 
(strategic) stockpile, 122,000 tons in the Defense Production Authority 
„ and 11,000 tons in the supplemental stockpile. 

Included in these data were 21,066 tons of oxygen-free high con- 
ductivity copper in the national stockpile and 5,199 tons in the sup- 
plemental stockpile. The maximum objective for copper was 1 
million tons. 


TABLE 26.—Stocks of copper at primary smelting and refining plants in the United 
States, Dec. 31 


(Short tons) 

Blister and Blister and 
Year Refined | materials in Year Refined materials in 

copper ! process of copper! | process of 

refining 3 refining 3 
1952-56 (average)........- 42, 000 212.000 11-1059... s or neua s sssáneC es 18, 000 253, 000 
J 109. 000 274,000 || 1969... -22 ---2------2.-- 98, 000 261,000 
(AT AAA 48, 000 257,000 11-1961 eese ceneac awe tene 49, 000 230, 000 


1 May Include some copper refined from scrap 
2 Includes copper in transit from smelters in Che United States to refineries thorein. 


TABLE 27.—Stocks of copper in fabricators’ hands Dec. 31 


(Short tons) 
Unfilled 

Stocks of | purchases Unfilled Excess 
refined of refined | Working sales to | stocks over 

Year copper 1 copper stocks customers orders 

froin pro- bouked 2 
ducers 
(1) (2) (3) (4) (5) 

EEN 430, 171 75, 627 347, 465 138, 631 19, 702 
JT... A 446. 358 90. 401 328, 438 177, 869 32, 452 
A A 86 414, 757 130, 324 340, 349 202, 775 1,957 
j ͥ 0 A O 456. 094 75, 222 370, 055 126. 260 35, 001 
Ill, A A E 461, 252 89, 745 361, 286 144, 314 45, 367 


1 Includes in-process metal and primary fabricated shapes. Also includes small quantities of refined 
copper held at refinerics for fabricators’ account. 
1 Columns (1) plus (2) minus (3) and minus (4) equal column (5). 


Source: United States Copper Association. 


PRICES 


Reports from copper-selling agencies indicated that 1,314,457 tons 
of domestic refined copper was delivered to purchasers at an average 
price of 30 cents a pound. The average price of foreign copper 
delivered in the United States was 30.4 cents a pound. 

The price for electrolytic copper quoted by primary producers was 
30 cents a pound, delivered, at t e beginning of the year. On January 
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17 producers reduced the price to 29 cents which held until May 1, 
when a principal producer raised the price to 30 cents; by May 3 
all producers were quoting 30 cents. Shortly after the middle of 
May producers again increased the price to 31 cents, which became 
effective for all principal producers on May 19 and was unchanged 
at yearend. 

he custom smelter price closely paralleled the quotation of the 
primary producers; the price declined to 29 cents on January 11, 
was raised to 30 cents on May 1, but was withdrawn on May 16. 
On May 17 custom smelters quoted 31 cents, and this price held 
through the end of the year. 

London Price.—The price of copper on the London Metal Ex- 
change (LME) during January averaged £220 0s. 7d. per long ton 
(27.57 cents a pound). Prices trended upward until May when the 
high for the year was reached—£242 8s. 2d. (30.24 cents). Thereafter, 
quotations were at or near the equivalent of 29 cents. The price 
for the year averaged 7 percent less than in 1960. 


TABLE 28.—Average weighted prices of copper deliveries,! consumer plants 


(Cents per pound) 
Year Domestio Foreign Year Domestic Foreign 
copper copper copper copper 
77 A ET 30.1 20.6 || 1000... ice eeu mes err E 32.1 32. 5 
AA E 26.3 r 30. 0 30. 4 
1050-55 ʒ ( ase 30. 7 31.6 


1 Covers copper produced in the United States and delivered here and abroad and copper produced abroad 
and delivered in the United States; excludes copper both produced and delivered abroad, whether or not 
handled by U.S. selling agenices. 


TABLE 29.—Average monthly quoted prices of electrolytic copper for domestic 
me SE shipments, f.o.b. refineries, in the United States and for spot copper 
at London 


(Cents per pound) 


—— ——jä— | eee | eee | ee foes | ee | eee 


January 28. 82 ; 27.57 
February 28. 82 A 27. 95 
March 28. 82 28. 13 
! asilos 28. 82 28. 600 28. 63 
Nac. 30. 19 29. 985 30. 24 
JUNG EE 30. 82 30. 605 29. 45 
WI 30. 82 30. 600 28. 58 
August 30. 82 30. 600 28. 89 
September 30. 82 30. 604 28. 81 
October 30. 82 30. 600 28. 74 
November 30. 82 30. 600 28. 82 
December....... 30. 82 30. 600 28. Y 

Average... 30. 14 29. 921 28. 73 


1 American Metal Market. 

2 E£ MJ Metal and Mineral Markets. 

3 Metal Bulletin (London). 

* Based on average monthly rates of exchange by Federal Resorve Board, 
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FOREIGN TRADE * 


Imports.—Imports of unmanufactured copper decreased 13 percent 
and were the lowest since 1947. Receipts of refined copper had 
decreased each year since 1953 except for 1959, and in 1961 were 
less than half the 1960 entries. Import of blister, however, increased 
for the third successive year and were 14 percent greater than in 
1960. The other unrefined classes—ore, concentrate, and matte— 
were down 41 percent. 

Chile, supplying 50 percent of the 1961 total and 9 percent more 
than in 1960, remained the chief source of imported copper. Although 
Peru furnished slightly less copper than in 1960, it supplied 20 per- 
cent of the total receipts, and rose to second place as a supplier. 
The Peruvian copper was mostly blister copper for refining in the 
United States. Canada, ranking second since 1951 as a supplier 
of copper, declined to third place in 1961, furnishing only 17 percent 
of the United States total. This was 33 percent less than in 1960. 
Imports from Mexico, the Union of South ics. and the Philippines 
declined. 

Exports.—Refined copper continued as the principal class of exports, 
and shipments were little changed from 1960. West Germany, 
United Kingdom, Italy, Japan, and France were the major recipients, 
but substantial shipments went to Brazil, India, and Argentina. 

Exports of scrap copper declined sharply; Japan received the largest 
quantity, followed by Spain and West Germany. Shipments of 
brass and bronze scrap decreased 5 percent from the 1960 record; 
90 percent of the total went to Japan. 

Tariff.—The price of copper remained above 24 cents a pound 
throughout 1961 and the 1.7-cent-a-pound excise tax, effective 
July 1, 1958, was applicable to imported copper. If the price were 
to drop below 24 cents, the tariff would be 2 cents a pound. 


TABLE 30.—U.S. imports ! of copper (unmanufactured), by classes and countries 
(Short tons, copper content) 


Year and country Ore | Concen- | Matte | Blister | Refined | Scrap | Total 
trates 
1052-56 (average) 8... . 8, 225 103, 811 6, 385 244, 413 246, 043 7,055 | 615, 033 
19999... E 18, 838 v0, 755 6, 196 301, 135 162, 300 5,798 | 594,032 
¡A AE sacs 8,217 79, 200 5,173 258, 182 128, 464 7,050 | 490, 301 
))) 8 7, 330 65, 311 8, 919 269. 048 214. 058 6,195 | 570. 891 
Pl b>—="*===={=[: . Lee o . ññꝝ:r.n; 


Cina MA eet 273 14, 108 569 333 100, 641 | 21,717 | 3117, 641 
II 8 // A EE me a) 
MEXİCO. EE 71 1, 787 18, 647 2, 038 22, 656 
Other North America CN AAA 9 5 AA AA 185 190 
TO coi AAA do 344 20,698 | 2,351 18, 98) 102,679 | 3 1, 993 13147,055 
South America: 
VCC 76 C! õĩõĩõĩ·[%v . E 1. 340 
Sin... 8 14,192 |........ 190, 189 3,485 208, 167 
(Nu ͤ̃o;’ꝗꝛ̃⅛ÜtLt cece ee este 1, 534 6, 474 1,444 73, 938 8, 234 |.......- 91, 624 
Other South Ameríica..........].......- T EE ER E A e 
JA ⁵ 1, 610 21, 943 1,414 264, 431 11.720 301. 148 


-| —— - — | m — —— | — — 


See footnotes at end of table. 


4 Figures on imports and exports compiled hy Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.S. Department of Commerce, Bureau of the Census, 
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TABLE 30.—U.8. imports! of copper (unmanufactured), by classes and 
countries— Continued 


(Short tons, copper content) 


Year and country Ore | Concen- | Matte | Blister | Refined | Scrap | Total 
trates 
1960:— Continued 
Europe: 
Belgium- I uxembourg h Z -........ |]- .. eee] ee eee 26 REPRE 2, 673 
Germany, esd ĩ ˙ ? E 8, 727 12 8, 739 
SFF ⁵ ⁵ꝛ˙ D]! kx EES 4.203 . 4, 203 
DWOUOD EE, E A AS E 2,789 d) PE 2, 789 
United O os PA A A E A 729 52 781 
Other o MA A A A EE 1, 591 636 2, 227 
A AAA EE, ee 20, 712 700 | 21,412 
Asia: 
Philippines 43 17, 510 Jr E 17, 532 
Other õĩ—ö] yk y h EEN 54722 2 549 
Total A tates teces.e 43 17, 510 9 547 EEN 2 18, 111 
Africa: 
Rhodesia and Nyasaland, Fed- 
eration EE, coe WEE 18 e 5,785 |........ 5,795 
Union of South Africa.......... 7,203 5,385 | 1,225 14,415 |..5:5 lo me ens 28, 228 
Other Africa..................- AS I 821 
„ 7, 212 5, 385 1,235 14, 415 6,597 |........| 34,844 
Oceania: Australia................. vs M MENOR E A 1,001 |........- 1,774 
Grand total 9,982 | 65,536 | 5,049 | 298,373 | 142,709 | 32,695 |3524, 344 
1961: 
North America: 
Sands 184 13,775 57 (1) 61,659 | 2,165 | 78,354 
DECRICO EES 152 6 142 20, 519 3A 110 | 20, 963 
Other North America -2-2002 1 A A 304 308 
Total 336 13, 782 716 20, 519 61,693 | 2,579 | 99,625 
South America: a! 
a J 8 1. 99222 221, 520 1,983 | 1,476 | 226, 971 
ee 1, 583 5, 210 840 | 82,748 54 |........| 90, 435 
Other South America. .........|........ A tra VE 5 
TOW 1, 583 8, 107 840 | 304, 268 2,037 | 1,476 | 318,311 
——S UU Oe 
urope: 
United do”, A E | etaeweeeud 1,312 4 1,316 
Other no; E EE 16 9 25 
OCA AAA ͥ T¼ẽZ E A A EE 1, 328 13 1,341 
Asia: Philippines 3 13, 888 E AMA A A 13, 898 
Africa: 
Union of South Africa 6, 241 1,034 |........ 14, 402 1,797 león 23, 474 
Other Africa..................- Ol) AAA IJ 8 31 
eo! 6, 262 1, 034 10 14, 402 1,797 os cessus 23, 505 
Oceanía: 
Australia. EE 753 40 di DEE EG, A 826 
Other Oceanian... ⁵ð] ᷑ A MAA A scala 163 163 
TOG AA nsss 753 40 333 8 163 989 
Grand total... 8,937 | 36,851 | 1,606 | 339,180 | 66,855 | 4,231 | 457,669 


1 Data are “general” Imports, that is, they include copper imported for immediate consumption plus 
Material entering the country under bond. 

2 Some copper in “Ore” and “Other” from the Philippines Is not separately classified and is included 
with “Concentrates”. 

3 Revised figure. 

* Less than 1 ton. 


Source: Bureau of the Census. 
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TABLE 31.—U.8. imports! of copper (unmanufactured), by countries 


(Short tons, copper content) 
Country 1952-56 1957 1960 
(average) 
North America: 
Canad EE 101,359 | 120,224 112, 318 | 2117, 641 
Gare J 8 18. 778 17, 435 6, 568 
Meese rend 54, 104 47, 746 22, 656 
Other ? North America 561 190 
A steven deewe 174,802 | 185,948 | 139, 753 2 147,055 
South America: 
Boni.. ³ eee 3, 757 4, 463 1,346 
A 274,741 | 236,016 | 200, 145 208, 167 
a DEE ee 26, 850 41, 636 91, 624 
Other South America. 268 986 11 
f EA 305,616 | 283,101 | 234,929 | 272,371 | 301,148 
Europe 
Telpfum- Luxembourg................- 1, 632 447 2, 673 
eh 1, 734 660 526 
Germany, Wes 3,782 2, 552 8, 739 
Malta, ozo, and Cyprus... 8 RR 4, 091 8, 937 mcdio 
Netherlands. 504 22 506 
i A ad ahis apes 3, 2 8 248 
agebett Be oe oti “ 699 2, 689 2, 789 
United Kingdom..................... 3, 452 2, 415 781 
Yuroslavia. oo... oe eee ee ween nee 5,408 EE MA IAS 8 
Other Europe JJ EE 5, 150 
Total A Ee et 24, 911 17, 722 21, 412 
Ke z2 Kees 
a: 
Philippines. .....................-..s- 14, 397 13, 067 17, 562 
Türk? r 4, 894 3, 496 547 
Other Asa... 286 22 2 
Total EEN 19, 577 16, 585 18, 111 
i AA ======= 
Africa: 
Congo, Republic of the, and Ruanda- 
Urundl*.... 9, 652 10, 221 196 
Rhodesia and Nyasaland, Federation 
of *. Ae elt -55.916 45, 430 5, 705 
Union of South To .. 12, 826 19, 945 28, 228 
Other Atrien E vA v A AAA 625 
Total A A ree eset 78, 611 75, 596 34, 844 
Occania: 
PUSAN A 12, 335 15,075 5,061 7,472 1,774 
Other Oceanía. o 81 i!! AO 
TO d 12, 416 15, 080 5, 061 7, 472 1, 774 
A El eee Ro med —̃ | emm Rem 
Grand total... eu 615, 933 594, 032 496, 301 670, 891 | 3 524, 344 


! Data are “general” importe; that is, they include copper imported for immediate consumption plus 
material entering the country under bond. 

2 Revised figure. 

3 Less than 1 ton. 

d Before July 1, 1960, classified as Belgian Congo. 

3 Before July 1, 1904, classified as Southern and Northern Rhodesia. 


Source: Bureau of the Census, 
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TABLE 32.—U.8. imports for consumption of old brass and clippings from brass 
or Dutch metal ! 


Short tons 


Yeer 


! For remanufacture. 
Data known to be not comparable with those for years before 1956. 


Source: Bureau of the Census. 


TABLE 33.—U.8. imports for consumption of copper (copper content), by classes 


Concentrates 


Year 
109 06 (average) 1............ 
C 
1950. —— os O de won 
0000 onera ed 
ps ec —— aatis 
Blister 
Bhort Value 
tons (thou- 
sands) 
1952-56 (average) 247, 968 | 9$168, 869 
uc aha a — M 301, 136 179, 440 
1058. A 633 
¿1 e 
10%«öê»—B—V25ĩ³?ꝛᷣͥͥꝓęʃͥꝗ A ese 
1961. À. KEE EEN d di dp ep gp gr gn o 
1 Some copper in “Ore” and “Otber” from the Philippines is not separately classified and is included 
with “Concentrates 


3 Data known to be not comparable with years prior to 1956. 
3 Revised figure. 


Source: Bureau of the Census. 
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TABLE 34.—U.8. exports of copper by classes and countries 


(Short tons) 
Ore, 
con- Other 
cen- Wire | Wire cop- 
trates, Re- Pipes | Plates | and and per 
Year and destination matte | fined | Scrap | and and | cable, | cable, | man- 
(cop- tubes | sheets | bare in- ufac- 
per sulated| tures ! 
con- 
tent) 
1952-56 (average 6.025 | 184,518 | 35,215 | 1,651 420 | 7,821 | 17,088 (1) 
19577 15, 656 | 346,025 | 48, 989 1,354 265 | 11,119 | 21,035 1, 897 
/r AAA 11. 475 | 384, 868 | 21,861 1, 608 166 5, 03 14, 482 , 302 
) EE 2,982 | 158,938 | 10, 721 313 3,378 | 21, 863 4,352 
1000 MERIT 8 11,111 | 433,762 | 58, 860 726 3. 278 | 13, 308 5. 181 
1961: 
North America: 
Canada... sen ee geed 26 2, 441 410 147 62 148 | 2,359 450 
Mels ECH 184 |........ 45 17 34 1 2 
Other North America 24 1 152 16 104 | 1, 266 3 
Toll 26 2, 619 411 344 95 286 | 3,815 464 
South America: 
Argentina. A 2 12, 885 |........ 2 44 535 9 
Brazil /h 20, 288 4 2 19 30 — 
Colom biss PA 18 1 92 2 79 272 1. 999 
Venezuela I 90 12 70 447 3, 983 
Other South America 160 |........ 51 3 76 | 1,049 6 
¿e A 8 33, 462 1 239 19 288 2, 623 5, 997 
Europe: 
Belgium-Luxcmbourg. .....|........ 2, 164 314 (‘) 1 08 A 
andes 8 60, 306 596 (4) 31 8 62 27 
Germany, West 2,112 | 77,352 | 6,768 12 28 2 156 43 
A A E 1,541 | 63,047 | 3,636 7 13 6 107 36 
Netherlands 9,102 | 1,988 . 9 186 |....... = 
NOWAY hh EE 2,938 |........ 3 6 4222300 " 
Spes 8 7, 952 14 2) lossitósa 36 |....... 5 
O (y A A 4,486 |.......- 2 16 15 124 |...... PS 
Switzerland. elen 568 |........ (9 7 (9 20 
United Kingdom 471 76.371 71 4 103 5 
Yugoslavia. correas los 9,432 | 2,649 |........]........ 1 e e oe 
Other Europe 2, 726 582 91 1 3 225 784 
Total A ue nada AUREAS 4,124 | 314,492 | 24,485 149 169 55] 1,144 895 
Asia 
e A AEE 15, 557 1, 348 52 2 348 All usas 
AË WEE 328 60, 839 8, 606 1 15 78 118 2 
A AAA EE 631 143 1 12 48 1200 88 
Other Asia 101 191 128 40 778 6, 915 1 
Total ·˙ AAA 328 77, 128 | 10, 288 182 69 1, 252 7, 400 3 
r ee EE AA 1,511 |-...---- . 114 520 2 
Oceania AA i 72 3 3 (4) 48 1 
Grand total.............. 4, 478 | 432, 253 | 35, 257 049 355 1,995 | 18, 550 7, 362 


1 Beginning Jan. 1, 1958, rods not separately classified, included in “Other copper manufactures,” 1952-56 
(average) 634 tons; 1957, 1,659 tons. 

2 Weight not recorded before 1953 for other copper manufactures; 1953, 294 tons; 1954, 250 tons; 1955, 234 
tons; 1956, 185 tons; 1957, 238 tons. 

3 Changes in Minerals Yearbook, 1960, p, 428, table 36, exports of scrap should read as follows: Canada, 
2,040 short tons, total, 58,860 short tons. 

4 Less than 1 ton. 


Source: Bureau of the Census, 
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TABLE 35.— U.S. exports of copper, by classes 


Ore, concentrates, | Refined copper and Other copper 
and matte semimanufactures Manufactures Total 
(coppor content) 
Year ARA CAPA IA 

Short Value Short Value Short Value Short Value 

tons tons tons tons 
1952-56 (aver- 

gou). 7 6,025 | $4,644,356 | 247,347 | $185, 948, 258 (1) $294, 103 | 253,372 |$190, 886, 717 

1957..........- 15, 656 9, 963, 610 428, 787 237, R20, 254 1, 897 1, 437, 286 446, 340 | 299, 221, 160 
19588. II, 475 5, 864, 534 | 3 423, 015 | 2 229, 534, 839 | 2 2, 302 | 2 1, 567, 100 441, 792 | 236, 906. 473 
1959 982 1, 808, 289 | 2196, 012 | 2 123, 577, 107 4,352 | 23, 230, 116 203, 346 133, 665, 512 
19600. 11,111 6, 832, 050 |3 3510, 494 13 2327, 935. 623 5,181 | 2 4, 006, 049 | 3526, 786 3338, 773, 727 
(kt: o 4,478 | 2,474,679 | 2 486, 359 | 2 295, 397,080 | 7,362 | 25,260,315 | 498, 199 303, 132, 074 


1 Weight not recorded before 1953; 1953, 294 tons ($352,124); 1954, 250 tons ($307,848); 1955, 234 tons ($308,- 
792); 1956, 185 tons 1105 552). 
3 Beginning Jan. 1, 1958, copper rods not separately classified; included in “Other copper manufactures,” 
nave W da 1957 with “Other copper manufactures.“ 
ev gure 


Source: Bureau of the Census. 


TABLE 36.— U. 8. exports of il aru alloys (including brass and bronze), by 
classes 


Short Value Short Value 
tons tons 

p aTa) A Eet 699 | $1, 645, 920 469 $904, 983 
Scrap and other ſorms 2 lll LLL ecl ll... 1122 175 |! 51, 876, 393 116, 654 52, 226, 189 
Bars, rods, and shapes 571 926, 963 658 1, 131, R13 
Plates, sheets, rr y 650 | 1, 662, 638 578 1, 621, 707 
Pipes and tubes ae SR eer A 8 1,035 | 1, 487, 445 1, 343 1, 743, 463 
Pipe DECIHPS steen 1, 400 | 3,391,334 L 398 3, 415, 018 
Plumbers’ brass goods g——-—er .. 2,202 | 5,871, 981 2, 151 5, 889, 323 
Welding rods and wire... 022-22... 794 | 1, 587, 843 689 1, 738, 423 
Castings and forgings. we eee 276 688, 288 502 1, 013, 570 
POW A A A A AAA 325 385, 145 483 513, 494 
Semifabricated forms, not elsewhere classified........... 13 40, 079 13 35, 863 

A EEN 1 130, 140 169, 564, 029 124,938 | 70, 239, 746 

1 Revised figure. 


Source: Bureau of the Census. 


TABLE 37.—U.S. exports of unfabricated copper-base-alloy! ingots, bars, rods, 
shapes, plates, sheets, and strips 


Year Short Value Year Short Value 
tons tons 
1952-56 3 (averago)........ 3,573 | 3, 792. 5041959 2. ...-...- 1,471 | $2,874,206 
1057 AAA 1,747 2, 943, 557 || 1960 ML. e 1, 920 4, 235, 521 
1958 aaa 1, 396 2,228,688 || 1961 246k 1,705 3, 633, 503 


1 Includes brass and bronze. 
2 Owing to changes in classifications, data for 1953-61 not strictly comparable with other years. 


Source: Bureau of the Census. 


TABLE 38.—U.S. exports of copper sulfate (blue vitriol) 


Year Value 


15 (average)........- 86,368 || 1050 Loco doe vrai a ire o : $674, 522 
77 37 196 0jẽ;u . — : 3, 370,619 
958 7, 248 1,175,944 || 1961...............-.-...- 587 1. 542, 212 


Source: Bureau of the Census, 
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TABLE 39.—U.8. imports and exports of brass and copper scrap 
(Short tons) 


1952-56 1957 
(average) 
Imports for consumption: 
Brass scrap (gross weight) 8, 710 7,911 008 
Copper scrap (copper content)........ 7, 138 b, 843 1, 643 
Xports: 
Copper-base-alloy scrap (new and old). 46, 932 09, 996 116, 654 
Copper crap 35, 215 48, 989 35, 257 


! Revised figure. 
Source: Bureau of the Census. 


TABLE 40.—U.S. imports for consumption and exports of copper scrap, in 1961, 
by countries 


(Short tons) 


Unalloyed | Copper- 


copper alloy 
scrap scrap 
(copper (gross 
content) weight) 
North America: 
KEE 1, 198 
E EE EE ECH 1 
Other North A merica akk... 169 
lr ³ ³ zl eL tse 1, 467 
South let cee ⁵ eke E EM DEN 
Europe: 
Belglum- Luxembourg 44 LL. l.l. 
Il ³⁰Ü¹¹w.w-ww ⁰⁵.r ͤ d d we cece 
ernennt cose ro crac ados o 
1111111 ⁰˙1 AA yd ĩ ⁵⁵ K 88 
e ³oo»mHMH··- . EE 
aam Ee WE EES 
nited RingdomTFSFʒʒuꝛw— !. 4 
lb; O A AA 
h/ ²o¹¹ A A A EE 
Total A III ee Stay ots 13 
Asia: 
a AA HU RT ð 
A A EE AS 
A AAA A A PRI AAA 
Mee... NA TEEN 
dv det CC y A, EE 
———r— — M 
Oceania: 
Af ⁵ð / ⁵ ↄ ↄ ͥ MA 
Territory Pacific Islands j| M A DEE, 8 
Ke RER 163 EE 
Grand oil!!! 1, 643 


! Revisions in Minerals Yearbook 1980; p. 430 should read as follows: Unalloyed copper scrap: Canada, 
2,040 tons, grund total, 65,560 tous; Copper-alloy scrap: Netherlands, 2,415 tons; grand total, 122,175 tons. 


Source: Bureau of the Census, 
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WORLD REVIEW 


World production of copper continued upward for the third con- 
secutive year. The high rate of output was achieved despite produc- 
tion curtailments instituted in late 1960 and continued into 1961. 
New records were set in the United States and Canada, and output 
rose 3 percent in Chile. In Northern Rhodesia production declined 
slightly. In the Republic of the Congo, production was reduced by 
the closure of the Union Miniére du Haut-Katanga operations in 
December. 


TABLE 41.—World mine production of copper (content of ore) by countries ! ? 


(Short tons) 
Country 1952-46 1957 1958 1959 1960 1961 
(average) 
North America: 
c 208, 975 350, 109 945, 114 395, 269 439, 202 449, 701 
SE 807 18, 000 14, 343 9, 942 313,058 |.......... 
E A AAA AE PI OR 1, 000 3, 800 
Mexioo. ..........-.- 333 62, 381 66, 800 71, 609 63, i” 66, 502 54, 259 
United States 958,001 | 1,086, 859 979, 329 824, 846 | 1,080, 169 | 1, 165, 155 
vk A iaai 1, 338, 164 | 1, 530, 768 | 1,410,395 | 1,204,192 | 1,605, 389 | 1, 680, 024 
South America: 
Bolivia (exports) . ............... 4, 578 4, 320 3, 168 2, 461 2, 503 2, 204 
Brazil A 8 § 805 1, 400 1, 300 1 1, 500 1, 600 
A A 453, 861 535, 306 514, 925 602, 108 886, 648 603, 635 
A MA A 1 111 
A reet 42, 751 63, 023 59, 105 54,914 200, 313 218, 251 
vk WEE 502, 003 604, 066 578, 551 061, 131 791,075 825, 891 
Europe: 
Albania 4 2 530 1, 200 1, 900 2, 200 2, 400 2, 600 
Auf 2, 998 2, 574 2, 695 2, 726 2, 188 2, 105 
reet 7) 8 4, 900 700 8, 600 11. 000 12. 000 14. 000 
P a To OPROER EE T 23, 038 700 31, 800 32, 400 31, 000 37, 500 
France EE 452 410 757 502 481 
Germany: 
St AAA A 18, 700 18, 400 19, 300 20, 800 27, 500 27, 500 
Well. EE 1, 978 1, 1, 484 1, 963 1, 959 1,817 
PAR O A 8 4 5, 300 4, 736 6, 685 6, 534 
/ ·˙—w 8 1. 554 3. 900 4. 073 8, 941 3. 301 4 3, 300 
Let e A A 15, 255 16, 787 17, 501 15, 828 16, 966 15, 200 
F...... X 5, 578 1 * 8, 800 4 9, 900 4 11, 600 t 12, 900 
Portugal 734 619 819 791 579 4 500 
JA A 8, 300 11,077 7, 466 12, 137 8, 786 10, 922 
Sweden 16, 540 19, 924 20, 453 19, 079 18, 396 18, 629 
U.S. S. R. 4919... ll 365, 000 450, 000 470,000 480, 000 550, 000 600, 000 
Yugoslavia. ...............-....- 3A, 228 36, 883 840 38, 141 36, 681 65, 255 
Total E PS 500, 000 608, 000 640, 000 656, 000 731, 000 809, 000 
Aua: 
Burma (. daa 108 143 143 165 160 123 
China AAA 9, 700 17, 000 35, 000 55, 000 80, 000 110, 000 
C (exports) . 29, 847 43, 676 36, 614 39, 978 39, 096 31, 585 
India EE 7, 653 9, 000 9, 150 8, 900 9, 750 9, 750 
TT WEE, Ee EEN 287 8, 700 4, 5, 
/ ˙˙AAAA 8 72, 791 90, 066 89, 837 93, 970 98, 307 106, 319 
Korea, Republic of............... 1,076 710 590 454 410 
Philippines 18. 680 44, 513 51, 842 54, 587 48, 513 57,182 
WAI os geesde AA 1,058 2, 095 1, 702 1, 2, 315 2,4 
TUE A 27, 087 28, 871 27, 744 30, 551 30, 110 31, 793 
Total Ak a 168, 000 236, 100 252, 900 289, 000 313, 500 354, 900 
aT — — o a 


See footnotes at end of table. 
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TABLE 41 —World mine production of copper (content of ore) by 
countries ! ?— Continued 


(Short tons) 
Country 1952-56 1057 1058 1959 1960 1961 
(average) 
Africa 

AONB EE 146 476 435 57 127 671 
e Ea 1, 537 1, 879 1, 688 1, 932 2, 108 1, 022 

Congo, Republic of the (formerly 
Belgian) 9 22 248, 196 267, 028 261, 867 310, 955 333, 175 325, 400 
Morocco: Southern zone. ........ 942 694 1, 216 1, 601 1, 680 1, 885 

Roam and Nyasaland, Federa- 

tion of: 

Northern Rhodesía..........- 410, 696 480, 313 441, 073 598, 835 635, 326 633, 139 
Southern Hhodeala 745 3, 226 8, 430 12, 016 15, 128 15, 243 
South-West Africa. 19, 405 29, 910 30,975 34, 436 22,555 27,770 
Tanganyika lll... 646 1,178 1,770 1, 220 1, 383 111 
UO and hot ho a ue 12 3, 230 11, 723 11,201 11,761 10 16, 257 10 14, 743 
Union of South Africa........... 45, 135 50, 959 54, 615 54,066 | 10 50, 847 57,952 
q AA cco ee tes 730, 678 847, 386 813, 270 | 1,026,879 | 1,078, 586 | 1,077, 936 
Oceania: Australian... 44, 732 66, 366 84, 801 106, 344 122, 385 102, 760 
World total (estimate) 3, 280, 000 | 3,890,000 | 3,780,000 | 4,030,000 | 4,640,000 | 4, 859, 000 


1 Czechoslovakia, Hungary, and Iran also produce copper, but production data are not available. 
Argentina, Kenya, and Malaya are also producing a small amount of copper. No estimates for these 
countries are included in the total. 

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Exports. 

4 Estimate. 

3 Average annual production, 1955-56. 

* Includes copper content of auriferous ores. 

T Includes copper content of cupriferous pyrites. 

® According to Yearbook of American Bureau of Metal Statistics except 1901. These data do not Include 
content of iron pyrites, the copper content of which may or may not be recovered. 

* Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

10 Smelter production. 

u Copper content of exports and local sales. 

12 One year only, as 1950 was first year of commercial production. 


Source: Complled by Augusta W. Jann, Division of Foreign Activities, 


NORTH AMERICA 


Canada.—Production of copper rose 2 percent over 1960 to a new 
record. Decreased output in Quebec and Manitoba was more than 
offset by increases in the other principal producing Provinces. Pro- 
duction curtailments of 10 percent were instituted in June 1960 and 
continued throughout 1961 at Gaspé Copper Mines, Ltd.; Waite 
Amulet Mines, Ltd.; and Noranda Mines, Ltd. 

Canada's leading producer, The Inter national Nickel Company of 
Canada, Ltd., mined 17.5 million tons of ore in 1961, compared with 
16.8 million in 1960. The 1961 tonnage included output rom mines 
in the Sudbury district, Ontario, and from the Thompson mine, 
Manitoba. In the Sudbury district. two new open-pit mines were 
brought into production; in late 1961 the Clarabelle open pit, north 
of Copper Cliff, and an open pit at the Ellen mine, Denison Town- 
ship, began operating. Output from these mines did not increase 
capacity but replaced tonnage previously obtained from other mines. 
Open- pit operations ceased, but underground mining continued at 
tlie Frood-Stobie mine. Development of the Creighton, Garson, 
and Murray mines was continued. The cut-and-fill method of minin 
was extended from the Frood mine to the Creighton and Levack 
mines. The company delivered 134,400 tons of copper in 1961 
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TABLE 42.—World smelter production of copper, by countries! 


(Short tons) 
Country 1952-56 
(average) 1959 1960 1961 
North America: 
Gangs eeng 260, 821 , 365, 366 417, 029 406, 437 
Meese 52, 876 y 7 61, 105 64, 861 52, 498 
United States 3.................- 1,071, 203 | 1, 178, 145 | 1,069, 052 841, 795 | 1, 233, 629 | 1, 207, 354 
/. ³ð A 8 1, 384, 900 | 1,563,746 | 1,465, 400 | 1,268, 266 | 1,715, 519 | 1,666, 289 
South America 
ja 424, 121 496, 736 484, 678 570, 593 556, 636 577, 544 
Fl 29, 498 46, 137 42, 403 38, 024 181. 650 200, 587 
Nl! ³ A essesi 453, 619 542. 873 527, 081 608, 617 738, 286 778, 131 
Europe: d 
Aan. a 3 700 1, 020 4 1, 100 4 1, 200 4 1, 300 
Ag 8 10. 720 8. 806 11, 601 12, 964 13. 044 
Muere rada 3,300 5, 600 7,212 8, 645 11,000 
Fang 22, 981 28, 469 35, 941 34, 140 37, 800 
Germany 
7J77‚§ö;» 8 27,000 : 33, 000 35, 000 35. 000 
West RENE 252, 823 X j 310, 729 340, 605 335, 176 
A E M 389 147 405 4 440 4440 
Nh. A 14, 148 5 21, 218 23, 825 23, 830 
Poland. ee ease a 15, 882 ) ) 19,127 23, 961 24, 504 
Spas lc edv ads 6, 290 : 7, 686 9, 041 13, 405 
Sweden — 18, 062 7 : 27,92 23, 927 22. 822 
S // AAA 365, 306 480, 000 510. 000 600, 000 
Yugoslavia. ............-..-....- 33, 499 37,117 38. 858 39, 384 34, 027 
Pot!!! 771. 000 à 949, 000 995, 000 | 1,063, 000 | 1,153,000 
Asia: 
Shins? eec e mac 9, 700 35, 000 85, 000 80, 000 110, 000 
mia BEE EE 7, 408 8, 782 8, 459 9, 822 9, 189 
! ⁰˙ AA 78, 329 113, 979 170, 682 206, 522 223, 171 
Koroa. Republic of............... 381 886 824 1,113 1, 456 
Il. é 1, 084 1, 833 1, 986 1, 962 2, 500 
Turkey. o ole EE 26, 438 : 24, 835 27, 599 28, 903 22, 040 
Total A 123, 300 : 185. 300 264, 690 328, 300 368, 400 
Africa: 
Anis... deere es 1, 427 1, 608 1, 782 1, 744 937 
Congo, Republic of the (formerly 
Beige. 8 248, 196 261, 867 310, 955 333, 175 325, 400 
Rhodesia and Nyasaland, Fed- 
eration of: 
Northern Rhodesla.......... 398, 611 3 420, 164 595, 093 625, 922 627,137 
LR et o se alice oen EE EE 168 12, 130 13, 376 16, 257 14, 743 
Union of South Africa. zz 43, 518 48, 229 53, 406 53, 843 50, 817 57, 502 
¿E AAA nn saanen 691, 920 792,035 749,175 975,049 | 1,027,945 | 1,025,779 
Oceania: Australia 40, 025 56, 440 72, 360 76, 713 19, 130 71, 692 
World total (estimate) 3, 460, 000 | 4,040,000 | 3,950,000 | 4, 190,000 | 4,950,000 | 5,060, 000 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detall. 

2 Smelter output from domestic and foreign ores, exclusive of scrap. Production from domestic ores only, 
exclusive of scrap, was as follows: 1952-56 (average), 966,006 short tons; 1957, 1,081,055; 1958, 992,918; 1959, 
799,329; 1960, 1,142,848; and 1961, 1,162,480. 

3 Average annual production 1954-56. 

4 Estimate. 

3 Includes scrap. 

* Output from U.S.S.R. in Asia included with U.S.S.R. in Europe. 

7 Belvium reports a large output of refined copper which is believed to be produced principally from crude 
copper from Congo, Republic of the (formerly Belgian); 1t is not shown here, as that would duplicate out- 
put reported from the Congo. 

ë Data represent estimated mine production. 


Source: Compiled by Augusta W. Jann, Division of Foreign Activities. 
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(146,000 in 1960), about half of which was sold in Canada. The 
remainder went mostly to the United Kingdom. 

Falconbridge Nickel Mines, Ltd., ranking second in producing 
copper in Ontario, set a new record for output for the 12th successive 
year. Ore deliveries from company mines totaled 2.5 million tons 
compared with 2.4 million in 1960. The northern area mines (Hardy, 
Boundary, Onaping, Longvack, and Fecunis) supplied most of the 
output; the Fecunis mine was the leading producer. The southern 
area mines (Falconbridge, East, and McKim) furnished the remainder. 
The company delivered 1 19,400 tons of copper to customers, 8 percent 
more than in 1960. 

Geco Mines, Ltd., Manitouwadge area, milled 1.3 million tons of 
ore, averaging 1.54 percent copper. The mill produced 67,600 tons 
of concentrate containing 27.43 percent copper, which was shipped to 
the Noranda smelter. Guebe production totaled 18,600 tons. 

Noranda Mines, Ltd., Quebec, mined 1.3 million tons of ore at 5 
Horne mine. The smelter treated 1.6 million tons (a record tonna 
of ore and concentrate, of which 0.8 million tons was smelted for 1 25 
companies. Total output was 159,400 tons of copper in anodes, 
Production of copper from the Horne mine totaled 25,200 tons. 

The electrolytic refinery of Noranda’s subsidiary, Canadian Cop- 
per Refiners, Ltd., Montreal East, produced a total of 254,000 tons 
of refined copper, compared with 267,400 tons in 1960. Production 
was lower because of a 5-percent decrease in ore receipts. 


TABLE 43.—Canada: Copper production (mine output), by Provinces 
(Short tons) 


Province 1952-56 1957 1958 1959 1960 1981 (pre- 

(average) líminary) 

British Columbia. 22. 766 15, 411 6,010 8, 121 16, 559 19, 421 
A ee 13, 682 18, 551 12, 601 12, 945 12, 793 10, 998 
New Brunswick. gk 8 5, 738 TJ AA Een 
Newfoundland... lll. lll eee 3, 083 4, 535 14, 751 14, 989 18, 863 16, 853 
Northwest Territories... 22 1 165 434 404 520 486 
Nova SCOR ̃ AAA TIU. users ead acid e x 8 6 
i ß 139, 876 171, 703 142, 035 188, 272 206, 272 211, 534 
EE 86, 203 112, 409 131, 445 131, 912 157, 470 151, 015 
Snskutcheéwaa nns. 32, 637 30, 597 37, 510 35, 536 31,785 33, 882 
r ec ce A A A A 8 440 
Ir ³˙¹¹wꝛ¹¹ AA 298,975 | 359,109 | 345, 114 395,269 | 439, 262 444, 635 


Source: Dominion Bureau of Statistics, Department of Trade and Commerce, Government of Canada, 
Preliminary Report on Mineral Production, 1961. 


Gaspé Copper Mines, Ltd., subsidiary of Noranda, mined 2.7 
million tons, of which 29 percent came from the open pit. A total of 
2.6 million tons of ore averaging 1.31 percent copper was milled, and 
119,000 tons of concentrate was produced. The smelter treated 
256,000 tons of concentrate and fluxing ore, of which 55,900 tons was 
custom concentrate. Copper produced totaled 43,000 tons. 

The Quemont Mining Corp., Ltd., treated 822,300 tons of ore 
averaging 1.33 percent copper. Copper concentrate, smelted at 
Noranda, totaled 55,100 tons and contained 9,900 tons of copper. 

Waite Amulet Mines, Ltd., subsidiary of Noranda, treated 248,800 
tons of ore in its mill and produced 61,400 tons of concentrate contain- 
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ing 13,530 tons of copper. Most of the 248,000 tons of ore was mined 
from pillars and ore remnants in the Amulet Dufault Lower “A” and 
East Waite ore bodies. Mining at the East Waite ceased in April. 
During 9 years of operations the mine produced more than 1.6 million 
tons of ore averaging 4.12 percent copper. The remaining source of 
ore, Lower “A” ore body, will be exhausted by October 1962. 

The Normetal Mining Corp., Ltd., concentrator treated 355,000 
tons of ore averaging 3.10 percent copper. Copper concentrate 
produced totaled 44,400 tons and contained 10,400 tons of copper. 

East Sullivan Mines, Ltd., mined and milled 674,800 tons of ore 
averaging 0.725 percent copper in the first 8 months of 1961. Copper 
production totaled 4,300 tons. Most of the assets of East Sullivan 
were purchased by Sullico Mines, Ltd., in 1961. Sullico Mines pro- 
vided financial assistance to Hastings Mining & Development Co., 
Ltd., for developing its subsidiary, Solbec Copper Mines, Ltd. Con- 
struction of a 1,000 ton-per-day concentrator was nearly completed 
by yearend, and operations were expected to begin in early January 
1962. A new company, Cupra Mines, Ltd., was formed in 1961 to 
develop a property 2% miles south of the Solbec plant. 

In the 1960-61 fiscal year, Campbell Chibougamau Mines, Ltd., 
mined and milled 796,600 tons of ore averaging 2.49 percent copper 
from its Main Mine, Koko Creek, Cedar Bay, and Henderson Divi- 
sions. Copper concentrate shipped to the Noranda smelter totaled 
74,100 tons. Thesmelter shipped 18,700 tons of copper from Campbell 
Chibougamau concentrate. Milling capacity was enlarged from 2,400 
tons to more than 3,000 tons & day to handle increased tonnage from 
the Henderson mine, which supplied 21.1 percent of the mine output 
compared with 1.6 percent in the preceding fiscal year. 

“oppa Rand Chibougamau Mines, Ltd., mined and milled 604,500 
tons of ore averaging 2.44 percent copper in 1961. Concentrate total- 
ing 56,100 tons was shipped to Noranda for treatment and yielded 
14,400 tons of copper. 

Willroy Mines, Ltd., produced 421,800 tons of ore from its mine in 
the Manitouwadge district. The ore averaged 1.34 percent copper, 
and the copper concentrate produced was shipped to the Noranda 
smelter. Copper production totaled 4,900 tons. 

A 1,000-ton-per-day plant at the Little Bay property of Atlantic 
Coast Copper Co., N Se BEE? began operating in May. Shipment 
of concentrate to the Gaspé smelter at Murdochville began in Septem- 
ber. A total of 196,100 tons of ore was milled, and 2,100 tons of 
copper was produced. 

aritimes Mining Corp., Ltd., mined 842,800 tons of ore at the 
Tilt Cove mine, Newfoundland, during 1961. Ore treated totaled 
814,700 tons averaging 1.68 percent copper, and 61,300 tons of con- 
centrate was Produced Copper production of 12,000 tons was the 
same as in 1960. 

Hudson Bay Mining & Smelting Co., Ltd., and Sherritt Gordon 
Mines, Ltd., furnished all the copper produced in Saskatchewan and 
Manitoba. These Provinces furnished 10 percent of Canadian copper 
output in 1961. 

he Hudson Bay Mining & Smelting Co., Ltd., mined and milled 
1.7 million tons of ore from the Flin Flon Coronation, Chisel Lake, 
and Schist Lake mines. In addition, 17,200 tons of Coronation ore 
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was smelted without milling. Copper concentrate produced totaled 
296,400 tons averaging 13.35 percent copper. The smelter treated 
399,500 tons of Hudson Bay concentrate, residue, and direct smeltin 
ore and shipped 40,100 tons of blister copper to the refinery. Refined 
copper production totaled 39,500 tons compared with 39,800 tons in 
1960. 

Sherritt Gordon Mines, Ltd., mined and milled 1.2 million tons of 
nickel-copper ore. Copper content of the concentrate totaled 5,600 
tons (5,500 in 1960) and was shipped to the Flin Flon smelter. Sales 
of copper were 5,400 tons (5,700 in 1960). Exploration was continued 
on the Farley shaft, and a copper-zinc deposit was found at Fox Lake, 
southwest of Lynn Lake. 

Phoenix Copper Co., Ltd., subsidiary of Granby Mining Co., Ltd., 
British Columbia, treated 392,800 tons of ore averaging 0.8 percent 
copper. Production of copper totaled 2,400 tons. The 1,000-ton- 
per-day mill was being enlarged to treat 1,500 tons of ore per day. 

Production of refined copper in Canada was 406,000 tons in 1961 
compared with 417,000 tons in 1960. Consumption of refined copper 
totaled 141,800 tons in 1961 compared with 117,600 tons in 1960. 

Exports of copper in ore, concentrate, and matte totaled 42,900 
tons (47,600 in 1960); Norway was the destination of 19,400 tons 
(18,700); the United States, 14,700 (17,200); Spain, 2,900 (none); 
Japan, 2,200 (9,100); and the United Kingdom, 2,200 (1,700). The 
remainder (in smaller quantities) went to Belgium-Luxembourg, West 
Germany, Italy, Sweden, and Australia. Exports of ingots, bars, 
and billets in short tons were as follows: 


Destination: 1960 1961 
United uerteelen 110,540 115, 859 
o A A 104, 602 64, 189 
J ³o ſſſ Ay e 88 12, 880 15, 885 
Germany, W”... EE EES 12, 940 13, 355 
Jö ³˙·à½.. y AA A E 4, 861 11, 207 
r ð K 5, 318 8, 992 
PC » ˙¹Üꝗͥ“DBꝗꝙM ⁰ Cy es 4, 481 5, 745 
JJJJJJJöõÜ5%. 886 2, 522 4, 894 
¡E AA A my ĩͤ 2,516 3, 497 
A A 1, 847 2, 239 
Fe es es II EN IA 2, 127 1, 064 
| Cac EE EES 10, 908 673 
Gier ðͤ 2, 524 18, 648 

NK ð³².i ⁰—ꝙf 0. . ee 278,066 266, 247 


In addition, 27,700 tons of rods, strips, sheet, and tubing was 
shipped, of which 6,300 tons each went to Switzerland and Norway; 
4,200, to the United States; and 3,500, to the United Kingdom. 

Mexico.—Operations at Cananca Consolidated Copper Co., S.A., 
Sonora, were halted by a strike from September 6 to December 1, 
1961. As a result, copper production decreased from 31,000 tons in 
1960 to 21,600 tons. The entire output was shipped to Cobre de 
Mexico, S.A., Mexico City, for refining. Ore mined totaled 3.8 mil- 
lion tons, of which 65 percent came from open-pit operations. 

Electrolytic copper was reportedly produced for the first time in 
Mexico in 1961.5 


5 Bureau of Mines. Mineral Trade Notes. V. 54, No. 4, April 1962, pp. 7-8. 


COPPER 525 


SOUTH AMERICA 


Chile.—Despite work stoppages in May and late summer, copper 
production rose 3 percent in 1961, and Chile ranked third among 
producing countries. 

The Chuquicamata mine of Chile Exploration Co., subsidiary of 
The Anaconda Company, produced 275,200 tons of copper, compared 
with 254,800 tons in 1960. The 8-percent increase was achieved 
despite a month-long strike starting in August. The concentrator 
expansion program was continued. 

Copper production from El Salvador mine of Andes Copper Mining 
Co., another Anaconda subsidiary, totaled 80,000 tons compared with 
86,800 tons in 1960. Operations were adversely affected by a 31-day 
strike which began in August. 

La Africana mine of Santiago Mining Co., also an Anaconda sub- 
sidiary, produced 25,300 tons of concentrate averaging 27.87 percent 
copper. 

At El Teniente mine of The Braden Copper Co., subsidiary of 
Kennecott Copper Corp., 10.7 million tons of ore was mined and 
milled, and 175,900 tons of copper was produced compared with 11.5 
million tons and 187,200 tons, respectively, in 1960. The decrease 
was due to strikes which halted production for 50 days in May and 
August. Ore mined in 1961 contained 1.9 percent copper compared 
with 2 percent in 1960. Virtually all Braden copper continued to be 
sold to European customers. Approximately $6 million in capital 
expenditure was made by the company during 1961 to increase pro- 
ductive capacity by about 11,200 tons of copper per year. Two 
projects completed in 1961 were the tie-in with the local electric 
utility, which would supplement power from the company hydroelec- 
tric plants and permit year-round near-capacity operations, and a 
chemical-treatment plant to recover copper from mill-tailing water. 

The Paipote smelter operated by the Government’s Empresa Na- 
cional de Fundiciones produced 36,700 tons of blister copper. Out- 
put of Chile’s small- and medium-sized mines totaled 26,100 tons of 
copper in ores, concentrates, and cement copper. In 1961, the first 
fire-refined copper was produced from these operations; output totaled 
10,500 tons. 

Cerro Corp. suspended work on the Rio Blanco copper deposit in 
November until financing negotiations could be completed. 

The purchase of raw materials by National Mining Enterprise was 
begun for a new copper smelter at Ventanas, north of Valparaiso. 
The price paid for ores was to be the same as that at the Paipote 
smelter, but because of the shorter distance to Ventanas and resulting 
lower freight rates, payments to producers were to be larger. The 
smelter was scheduled to begin operating at yearend 1962. 

In addition to the exports shown in table 44, 26,100 tons of ore 
and concentrate was shipped, of which 16,700 tons went to Japan; 
6,500, to West Germany; 1,600, to Poland; 900, to the United States; 
and 400, to Sweden. 

Peru.—Production of copper from Cerro de Pasco Corp. (Cerro- 
Peru) mines and purchased ores totaled 40,500 tons compared with 
36,800 during 1960. Expansion of the Paragsha concentrator at the 
Cerro de Pasco mine was completed in December. The additional 
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TABLE 44.—Chile: Exports of copper by principal types 
(Short tons) 


Refined 


Total 
Electro- Fire 
lytic refined 

Belgium.............] 1,200} 1,456 |.........| 2716 | 925 38, 256 |.......... 4, 181 
AA PI ⁵ ] ð« x A ^ UT éi EES 1,076 
Franco 16,500 | 276 |..........| 16,886 | 10,444 | 668 11,112 
Germany, West..... 87, 660 
Italy...............- 25, 640 
Netherlands.........| 49.677 |  À 2,632]|..........] 52,309 | 67,382 | 2,613 |.......... 60. 995 
Sweden n 25. 040 
United Kingdom 114, 045 
United States 231, 496 
YüpoSIA A II o/ T A 728 728 
Other countries A A A A A 9 ð 974 

Total 151, 788 162, 104 76, 795 671, 947 


milling capacity was to permit greater ore production at the McCune 
pit, but the ore was of lower grade than that produced from under- 
ground operations, and copper production was to remain at about the 
same rate as in previous years. 

Development of the Cobriza mine, 115 miles southeast of La Oroya, 
continued during 1961. The tonnage of 3.5 percent copper ore de- 
veloped by yearend was enough for about 10 years of operation at an 
average annual rate of 9,000 tons of copper in concentrate. The con- 
centrate would be shipped to La Oroya for smelting and refining. 

Ore mined at the Toquepala mine of Southern Peru Copper Corp. 
totaled 10.7 million tons averaging 1.67 percent copper. Blister 
copper output was 160,000 tons compared with 145,000 tons in 1960— 
the first full year of operation. More than 50 percent of the output 
was sold in Europe through Southern Peru Copper Sales Corp. The 
remainder went to the four U.S. stockholding companies. 

Exports of copper from Peru in short tons were as follows: 


Destination: 196! 
United States calas te eee y cU ee d 88, 242 
Germany NV OS Goce ss e ad 49, 588 
e A ß 33, 097 
F/ ̃ ˙AV ³Ü¹ . ³ð2 oe oe SQUE 23, 146 
/%ͤWWyTVTThf%TyVVC!.!.!!!. eerie A ELO EL 16, 048 
A rcu r K.. 8 4, 043 
lf; ͥͥ ꝙd/fdſudſùyſddddddddꝗdddſſͥſͥͤĩ 6 8 1, 271 
F ⁵ ˙V ⁵ ͤ ⅛ 0 00¼ kdßyd y . 8 1, 056 
PS A esr Sct we ³ ⁰ ee mm ĩð . ee ass 672 
% EE 595 
BIR EEN TE EE 302 

RK EE 218, 060 
EUROPE 


United Kingdom.—Consumption of primary and secondary copper 
in the United Kingdom (the free world’s second largest copper-con- 
suming country) decreased 6 percent; 582,900 tons was consumed in 
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1961, compared with 617,600 tons in 1960. In addition, 180,400 tons 
(191,700 in 1960) of copper in scrap was consumed. Of the total con- 
sumption of 763,300 tons, 561,000 tons of refined copper and 110,000 
tons in scrap were consumed for semimanufactured products, and 
21,900 tons of refined copper and 70,400 tons in scrap were used for 
castings, copper sulfate, and miscellaneous products. 

Production of copper sulfate increased from 32,400 tons in 1960 to 
33,400 tons in 1961. 

Industrial inventories in the United Kingdom at the end of 1961 
were 146,700 tons, an increase of 14 percent over 1960. 

Imports of copper into the United Kingdom are shown in table 45. 


TABLE 45.—United Kingdom: Imports of copper, by countries 
(Short tons) 


1960 1961 


Country 
Blister | Electro- Fire Blister | Electro- Fire 
lytic refined lytic refined 


ee | qe | os | te | cone | ee 


Rhodesia and Nyasaland, Federation of: 


Northern Rhodesia....................- 76,371 | 200,863 |_......... 80,560 | 202, 470 829 
E AA EE PRA I/ A 112, 8900 
f POR RERUM TOR 47,159 20, 854 50, 371 50, 402 21, 596 33, 851 
United States RARE 66, 009 6, 213 1. 025 49, 276 4, 481 
EE ee 693 2.099 A 22, 4d 
A ³·¹mmAſſ y PS r E 4,797 |.........- 
Congo, Republic of the. ..................|.......... K TED S E E AAA AA 4,043 |.......... 
Norway A ca eos 88 re eee sans 1:403 1.5: 2:2. 
Belgium. ot ee cet DE EE (ee lc a S 
Union of South Aſriocůaůõqmmnmnw «44 3, 349 |.......... 101 593 
Germany, Wege EEN 34 DAT Pesce 
Other countries 1, 137 403 139 3 28 19 

TOM. EE 125,960 | 429, 393 60,072 | 164,432 | 397,936 39, 783 


Source: British Bureau of Nonferrous Metal Statistics. 


Exports and re-exports of refined copper totaled 87,600 tons (62,300 
in 1960), of which 13,400 (11,700) went to Czechoslovakia; 13,200 
(9,900), to East Germany; 10,600 (3), to Belgium; 7,700 (5,400), to 
the Netherlands; 6,800 (2,000), to Poland; 5,500 (1,900), to Argentina; 
5,100 (6,500), to West Germany; 3,700 (3,300), to Hungary; 3,600 
(4,100), to China; 3,300 (6,500), to the U.S.S.R.; 1,800 (none), to 
Brazil; 1,500 (400), to Egypt; 1,500 (140), to France; and the 
remainder in lots of less than 1,500 tons to other countries. No 
blister copper had bcen re-exported since 1957. 

Yugoslavia.—Production of copper ore in Yugoslavia totaled 3.6 
million tons in 1961 compared with 2.6 million tons in 1960. The 
increase was because new operations began at the Majdanpek mine, 
25 miles north of the Bor smelter (Yugoslavia's largest copper smelter). 
A new open-hearth furnace was installed at Bor in June, and the first 
concentrates from Majdanpek were received in July. Because of the 
development and expansion operations in process during 1961 at 
Majdanpek and Bor, production of blister copper decreased from 
39,400 tons in 1960 to 34,000 tons in 1961 and electrolytic copper 
from 38,600 to 33,200 tons. 

The Majdanpek-Bor operations included plans for further expan- 
sion of the Majdanpek mine, and an additional open-hearth furnace 
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in 1965 to raise capacity to 88,000 tons annually, and to an ultimate 
capacity by 1970 of 110,000 tons a year. 


ASIA 


Cyprus.—Production from the Mavrovouni mine of Cyprus Mines 
Corp., the company’s principal producer, totaled 225,400 tons in 1961 
compared with 302,300 tons in 1960. Output consisted of 79,900 tons 
of copper concentrate, 143,700 tons of cupreous pyrite, and 1,800 tons 
of precipitate. In addition, 445,600 tons of pyrite was produced by 
flotation. After the Cyprus Government had approved more favor- 
able tax legislation for developing and operating new mines, the com- 
pany announced that its Skouriotissa-Apliki project would be developed 
as open-pit mines. The existing mill, after moderization, was expected 
to begin treating ore from Skouriotissa in 1963. 

India.—The entire copper output in India has come from Indian 
Copper Corp., and production has been constant at 8,000 to 9,000 tons 
per year. Imports of copper to meet requirements had increased 
each year. To help obtain self-sufficiency in copper, priority was given 
to developing deposits in the Khetri-Daribo region. 

The Khetri project would include development of the mine, and 
construction of a concentrator and smelter. Annual capacity would 
be 11,000 tons of copper. The Daribo project was to comprise a mine 
and concentrator; output was to be about 1,600 tons of copper per 

ear. 

d Mining at the Sikkim Mining Corp. joint Indo-Sikkimese project to 
bring the copper deposits in the Singtam area, Sikkim State, into pro- 
duction was expected to begin early in 1962. Operations were delayed 
because power was lacking, but partial power from the Singtam hydro- 
electric plant would be available in January 1962. The mill was expect- 
ed to begin operating several months later. Installation of a flotation 
plant at the Rangpo copper mine was planned for June 1962. Con- 
centrates produced would be smelted at the Indian Copper plant at. 
Ghatsila. 

Japan.—Mine production of copper rose to 106,300 tons in 1961 
exceeding 100,000 tons for the first time since 1943. In addition, 
123,200 tons of ore was imported. Production of refined copper 
totaled 305,300 tons, of which 103,000 tons came from domestic ore, 
116,300 tons from imported ore, and 86,000 tons from slag and scrap, 
Supply was short of estimated consumption of 413,400 tons and 
115,000 tons of refined copper was imported. Receipts from the 
United States were 68,800 tons, more than double the 32,600 tons 
received in 1960. Fabricators received 150,300 tons of imported 
copper-base alloy scrap and 11,600 tons of unalloyed copper scrap. 

Nippon Mining Co., Ltd., adopted the oxygen-smelting process at 
its Hitachi smelter. It reported that the changeover resulted in 
more economical smelting operations and increased recovery of copper. 

Philippines.—Atlas Consolidated Mining & Development Corp. 
milled 4.2 million tons of ore averaging 0.62 percent copper from the 
Toledo mine, and produced 83,100 tons of 28.05-percent copper con- 


0 Insurumoto, Tamon. Copper Smelting in the Converter, J. Metals, v. 13, No, 11, November 1961, 
Dp. 820-824. 
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centrate. Copper production of 23,300 tons was the largest since 
operations started at the Toledo mine in April 1955. 

The Lepanto Consolidated Mining Co., Ltd., treated 472,300 tons 
of ore containing 3.16 percent copper and produced 52,500 tons of 
27.15 po copper concentrate. The tonnage treated in 1961 ex- 
ceeded that in any previous year, but the lower metal content of 
the ore resulted in a 7-percent decrease in copper production. Output 
totaled 14,300 tons compared with 15,300 tons in 1960. 

Elsewhere in the Philippines, Marinduque Iron Mines Agents, Inc., 
produced 4,400 tons of copper at the Bagacay mine and 9,600 tons 
at the Sipalay; Philex Mining Corp. produced 3,800 tons at its Santo 
Tomas group of mines; and Samar Mining Co., Inc., produced 1,200 
tons from the Masara property. In tbe second half of 1961 Surigao 
Consolidated Mining Co., Inc., produced 350 tons of copper. 

Turkey.—The Murgul and Ergani mines, subsidiarics of Etibank, 
supplied the entire copper production in Turkey. The Murgul smel- 
ter was closed from April to October to rebuild the 10-year-old 
reverberatory furnace, and output of blister copper declined from 
28,900 tons in 1960 to 24,300 tons. 

Etibank’s plans for constructing new facilitics to treat low-grade 
ore from the Weiss ore body continued in 1961, but whether to use 
the flotation-pyrometallurgical process or the leaching-electrolytic 
method, SE D cobalt would be recovered in addition to copper, 
had not been decided. The company requested an extension on its 
Export-Import Bank credit to enable it to test the leaching-elec- 
trolytic process in a small pilot plant to be built at Ergani. 


AFRICA 


Congo, Republic of the.—The only producer, Union Miniére du 
Haut-Katanga, produced 2 percent less copper in 1961. The closing 
of the company properties in December prevented the achievement 
of 1961 production goals. Output decreased from 331,400 tons in 
1960 to 323,500 tons in 1961. The Luilu electrolytic plant reached 
capacity output of 110,000 tons, and the Kambove concentrator 
started operations during the ycar. 

Most of the output came from mines in the Western Group and 
the Prince Leopold mine in the Southern Group. A total of 9.8 
million tons of ore was produced, consisting of 4.1 million tons from 
the Kamoto mine, 2.9 million tons from Ruwe, 352,000 tons from 
Musonoi, and 267,000 tons from Kolwezi. The Prince Leopold mine 
produced 1.1 million tons, and the Kambove mine in the Central 
Group produced 932,000 tons. The remainder came from miscellane- 
ous properties. 

The Kolwezi concentrator treated 4.5 million tons of copper and 
mixed ores from the Kamoto and Musonoi mines, and produced 
823,000 tons of concentrate containing 25.39 percent copper. The 
Kipushi mill treated 1 million tons of coppr and zinc ores from the 
Prince Leopold mine and produced 185,900 tons of 24.73 percent 
copper concentrate and 201,800 tons of 54.43 percent zinc concentrate. 
The Kambove concentrator, with capacity of 66,000 tons a month, 
began operations on April 24; 607,500 tons of ore from the Kambove- 
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West mine was treated, and yielded 95,600 tons of 28.04 percent copper 
concentrate. The Ruwe concentrator produced 95,300 tons of con- 
centrate averaging 22.86 percent copper, and 109,000 tons of 3.99 
percent copper products that required further treatment. The Ruashi 
washing plant treated 114,300 tons of ore that yielded 17,200 tons of 
concentrate averaging 18.44 percent copper, and 16,900 tons of 
products to be re-treated. 
Copper production was as follows: 


Short tons 
Lubumbashi (blast furnaces and converter) 166, 325 
Jadotville-Shituru (leaching, electrolysis, and refining) 96, 679 
Luilu (leaching and electrolysis 77 59, 303 
Jadotville-Panda electric smelter (recoverable copper in white cobalt 
I!! EE 783 
Recoverable copper contained in zinc concentrate, lead concentrate, 
and miscellaneous product 448 
a 22032258 eo bn eres ee eae ht usc mai ELE 323, 538 


Rhodesia and Nyasaland, Federation of.—In Northern Rhodesia, 
Roan Antelope Copper Mines, Ltd., mined and milled 6.1 million 
tons of ore averaging 1.79 percent copper during the fiscal year ended 
June 30, 1961. Concentrate produced contained 93,100 tons of 
recoverable copper. A total of 91,600 tons of blister copper was 
E and was sent to the Ndola plant for electrolytic refining. 

n addition, 18,700 tons of blister was produced from scrap and 
furnace slag. Refined-copper production totaled 87,100 tons, of which 
76,600 tons was in wirebar form and 10,500 tons in cathode form. 
The Roan smelter also produced 700 tons of copper for Nchanga. 

Production at the electrolytic refinery of Ndola Copper Refineries, 
Ltd., was 99,200 tons of cathode copper of which 91 percent was for 
Roan Antelope. The casting plant converted 88,700 tons of cathode 
copper into 85,500 tons of wirebars, and the remainder, 10,500 tons, 
was shipped as cathodes. 

Output at the electrolytic refinery of Rhodesia Copper Refineries, 
Ltd., decreased from 247,800 to 235,400 tons in the fiscal year ended 
June 30, 1961. Of the total, 207,500 tons was refined-copper shapes 
and 27,900 tons was cathode copper. 

Nchanga Consolidated Copper Mines, Ltd., mined 5 million tons of 
ore averaging 5.09 percent copper during the fiscal year ended March 
31, 1961. Nchanga West orebody supplied 3.7 million tons; Nchanga 
open pit, 0.9 million; and Chingola open pit, 0.4 million. Tho milled 
ore yielded 221,100 tons of copper in concentrate. Production of 
copper totaled 206,100 tons—35,800 tons of blister and 170,300 tons 
of electrolytic. 

Rhokana Corporation, Ltd., mined and milled 5.7 million tons of 
ore averaging 2.47 percent copper in the fiscal year ended June 30, 
1961. Production of concentrate totaled 335,400 tons averaging 
36.05 percent copper and 0.67 percent cobalt. Copper production 
totaled 119,700 tons, of which 27,300 tons was blister and 92,400 
tons was electrolytic. The smelter produced 314,400 tons of anode and 
blister copper compared with 301,500 tons in the preceding fiscal 
year. Of the total smelter output, 27,300 tons was blister and 93,400 
tons of anode for Rhokana, 30,900 blister and 104,800 anode for 
Nchanga, 58,000 blister for Bancroft, and 13 tons of blister for others. 
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The Mufulira smelter treated 67,200 tons of concentrate for 
Chibuluma Mines, Ltd. Anode copper output was 21,500 tons, all 
of which was produced as e ene copper. 

A total of 5.4 million tons of ore averaging 2.40 percent copper was 
mined by Mufulira Copper Mines, Ltd., in the fiscal year ended qune 
30, 1961. Anode copper produced, including 22,600 tons from scrap, 
was 135,800 tons. Fire-refined copper totaled 33,800 tons, and 102, 000 
tons of anode copper was sent to the refinery. The electrolytic plant 
produced 85, 900 tons of cathode copper, of which 85, 500 tons went to 
the casting plant and 400 tons to customers. Refined-copper output 
was 79, 000 tons of wirebars and 3, 000 tons of ingot bars. 

There was very little change in production in Southern Rhodesia 
in 1961. Virtually the entire output came from three mines of Mes- 
sina Transvaal Development Co., Ltd. At the Mangula mine about 
13,000 tons of copper in concentrates was produced; at the Umkondo 
mine 1,800 tons of copper; and at the Alaska mine, which began opera- 
tions in May, about 400 tons. Sixty percent of Mangula output was 
treated at the new smelter at Alaska near Sinoia, and 40 percent was 
exported. Production of fire-refined copper totaled 8,645 tons in the 
fiscal year ended September 30. Difficulties with the initial operation 
of the smelter caused it to be shut down in September for rebuilding. 
It was expected that the entire Mangula output would be treated in 
the Alaska smelter in 1962. 

Exports of copper in the Federation of Rhodesia and Nyasaland 
were 164,400 tons of blister copper, 38,500 tons of cathodes, 375,100 
tons of electrolytic wirebars, 23,200 tons of electrolytic bar and ingot, 
and 13,200 tons of ore and concentrate. In addition, small quantities 
of anodes and copper slimes were shipped. 

Uganda.—Kilembe Mines, Ltd., milled 920,100 tons of ore in 1961. 
Blister copper production totaled 14,700 tons (16,300 in 1960). The 
output decreased because the smelter was closed to overhaul the 
furnace and power facilities were damaged by heavy rains. 

Union of South Africa.—Output in the Union totaled 58,000 tons, 
14 percent more than in 1960. O'okiep Copper Co., Ltd., produced 
38,900 tons of copper in the fiscal year ended June 30, 1961, compared 
with 39,500 tons in fiscal 1960. Ore treated totaled 1.8 million tons 
averaging 2.31 percent copper. The estimated ore reserve was 31.6 
million tons averaging 2.07 percent copper, a gain of 3.7 million tons. 
The increase was due mainly to the new Rietberg ore body, most of 
which can be mined by open-pit methods. Construction of the new 
mill to treat 110,000 tons of ore per month at Carolusberg proceeded 
on schedule, and the mill was expected to be in operation in 1963. 

South-West Africa.—Output of the Tsumeb mine had increased 
almost without interruption since the reopens of the mine in 1947. 
The property, closed in 1939, was operated before World War II by 
Germans. Teumeb Corp., Ltd., milled 652,000 tons of ore averagin 
4.46 percent copper in the fiscal year ended qune 30, 1961, compared 
with 614,000 tons averaging 5.02 percent copper in the 1960 fiscal 
period. Sales of copper totaled 23,900 tons in 1961 and 27,400 tons 
in 1960. The new copper smelter was expected to be in operation 
in September 1962. The Kombat copper-lead mine (formerly Asis), 
65 miles from Tsumeb, was being prepared for 1,000-ton-per-day 
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output, and the mill, under construction, was to begin operations 
before mid-1962. 


OCEANIA 


Australia.— Mount Isa Mines, Ltd., Queensland, subsidiary of 
American Smelting and Refining Company, treated 3.2 million tons of 
ore, of which 2.3 million tons was copper ore and 0.9 million tons was 
silver-lead ore. The tonnage of ore treated was a record for the com- 
pany despite a strike which began September 25 and continued to 

ovember 22. Refined-copper production totaled 51,400 tons, and 
26,700 tons of copper concentrate was exported for treatment. 

Expansion of tank capacity at Copper Refineries Pty., Ltd., subsid- 
lary of Mount Isa, was on schedule, and refining capacity of 85,000 
tons per year would be available in early January 1962. Mount Isa 
also announced plans for a new 6,000-ton-per-day flotation mill with 
two equal sections, cither or both of which could be operated on silver- 
lead-zinc ores or on copper ore. Milling capacity would be increased 
to 14,000 tons a day. 

At the Mount Morgan mine of Mount Morgan, Ltd., Queensland, 
4.9 million tons of ore was mined, and 1.1 million tons was milled. 
Copper production totaled 6,900 tons. 

he Mount Lycll Mining and Railway Co., Ltd., Tasmania, mill 
treated 2.2 million tons of ore and produced 54,100 tons of concentrates. 
Blister and electrolytic copper production were virtually the same— 


10,800 tons. 
TECHNOLOGY 


Many copper companies of the free world joined in a major basic 
and applied research program through the newly formed Copper Prod- 
ucts Development Association.“ The new research program was 
oriented chiefly toward customer requirements. 

The geology and origin of the sulfide minerals in the Maybrun mines 
of the Kenora District, Ontario, Canada, and the usefulness of magne- 
tometer and electromagnetic prospecting in that area were described.“ 
Two published reports described theoretical and practical consider- 
ations in the selectivity in copper activation of minerals in flotation? 
and in the use of naphthenic acid as an extraction reagent for separa- 
tion and recovery of copper and nickel from leach liquor.'? The 
operation of a 175-ton-per-day plant for the copper-segregation process 
for mixed oxide-sulfide ore at the Lake Shore mine was described." 

Descriptions of larger scale and more efficient operations at Ken- 
necott’s Ray Division mill and the beginning of cement copper pro- 
duction at the new Badgad Copper Corp. plant were given.!? 


Y Milliken, Frank R. Copper Research Stepped Up. Steel, v. 149, No. 15, Oct. 9, 1961, pp. 73-75. 
*. Montgomery, Hugh B. scientific Communications, Econ. Gool. v. 50, No. 7, November 1961, pp. 1305- 

0. 
* Bushell. C. II. G., C. T. Kranss, and G. Brown. Some Reasons for Selectivity in Copper Activation of 
Minerals. Canadian Min. ard Met. Bull., v. 54, No. 587, March 1961, pp. 244-251, 

19 Fletcher, A. W., J. C. Wilson. Napthenic Acld as a Liquid-Liquid Extraction Reagent for Metals. 
Inst. of Min. and Met. (London), v. 70. No. 632, March 1981, pp. 355-306, 

u Freeman, Q. A., Carl Ramp eek, and L. Q. Evans. Copper Segregation Process Shows Promise at 
Lake Shore Mine. Min. Eng., v. 13, No. 10, October 1061, pp. 1152-1155. 

n rut, John B. Ray Div. s 50% Milling-Cupacity Boost. Eng. Min. J., v. 162, No. 3, March 1961, pp. 


84-91. 
IIuttl. John B. Cement Copper Begins at Bagdad. Eng. Min. J., v. 162, No. 6, June 1961, pp. 86-88. 
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Use of rotary film contactors, originally developed for recoverin 
solutions of uranium compounds directly from ore slurries, showe 
promise of success in the processing of complex copper-nickel-cobalt 
ores. The use of these contactors could lead to improved recovery 
efficiencies, more rapid processing, and lower capital investment." 

Japanese technologists reported on 2 years of commercial-scale 
testing of converter smelting of copper concentratcs with oxygen- 
enriched air.* One company adopted the process, and it resulted in 
improved smelting economy, increased copper recovery, and added 
recovery of sulfuric acid from converter gas. The industry was watch- 
ing this development with intense interest. 

Three articles described improved methods of refining copper or 
of controlling the refining operation.' Other articles described 
plating-shop layouts,'* and an improved plating technique for both 
metal finishing and electronic applications." 

À new powder-metallurgy process which presses and sinters copper 
powders and may reduce the cost of electrical-grade copper parts, 
was reported.!? 

Techniques for producing high-conductivity copper castings were 
developed. The use of high-conductivity copper in electrical and 
electronic equipment for space applications had not progressed as 
rapidly as could have been anticipated because of difficulties in casting 
desired shapes that meet conductivity and strength requirements. 
However, the techniques reported should overcome many of the 
problems. 

Progress in copper and copper alloys technology was comprehen- 
sively reported.” 

Several theoretical and practical papers described copper alloys of 
various types, their structure and properties, and the effect of alloy 
ingredients.“ 


13 South African Mining and Engineering Journal (Johannesburg) Treatment of Refractory Ores. V. 72, 
pt. 2, No. 3581, Sept. 22, 1961, p. 681. 
10 Tsurumoto, amon. Copper Smelting in the Converter. J. Metals, v. 13, No. 11, November 1961 


pp. 820-824. 

15 Ward, R. G., and T. P. Hoar. The Electrolytic Removal of Oxyzen, Sulphur, Selenium, and Tel- 
lurlum from Molten Copper. J. Inst. Metals (London), v. 90, pt. 1 (Journal), pp. 6-12. 

Chemical Engincering. Gas Reduction—New Route to Copper Refining (based on paper presented at 
Annual Meeting of AIME, St. Louis). V. 68, No. 12, June 12, 1961, pp. 100-102. 

Harris, William F., and Joseph Easha, Jr. Control of Oxygen in Copper During Refining. Trans. 
Met. Soc. AIME, v. 221, No. 6, December 1961, pp. 1264-1665. 

16 Darby, C. R. Plating Shop Layout and Installation. Metal Industry (London), v. 98, No. 15, Apr. 
14. 1961 pp. 297-300. 

17 Chemical & Enginecring News. V. 40, No. 1, Jan. 1, 1962, p. 50. 

Dawson, J. Metal Finishing for the Electronics Industry. Metal Industry (London), v. 98, No. 17, 
A pr. 28, 1961, pp. 331-334. 

ls Iron Age, v. 188, No. 19, Nov. 9, 1961, p. 141. 

19 Fulthorpe, V. R., and F. M. Bunbury. Producing High-Conductivity Copper Castings. Foundry, 
v. 89, No. 3, March 1961, pp. 81-87. 

20 Metallurgia (Manchester, England). Copper and Copper Alloys, A Survey of Technical Progress 
During 1960 (compiled by Staff of the Copper Development Assn.). . 63, No. 378, April 1961, pp. 175-184. 

21 Ilume-Rothery, W. The Theory of the Alloys of Copper. J. Inst. Metals (London), v. 90, pt. 2 
(Journal), October 1961, pp. 42-52. 

Hein, E., and R. A. Dodd. Softening of Strain-Hardened Polycrystalline Copper During Reversed 
Btress Fatizue and Tensile Fatigue. Trans. Met. Soc. AIME, v. 221, No. 6, December 1961, pp. 1095-1098. 

Zwilsky, K. M., and N. J. Grant. Dispersion Ee the Copper-Alumina System. Trans. 
Met. Soc. AIME (Formerly Sec. II, Trans., J. Metals), v. 221, No. 2, April 1961, pp. 371-377. 

1 1 G. Steady State Creep in a CuAur Alloy. Trans. Met. Soc. AIME, v. 221, No. 6, December 
p. 1280. 

Moredock, A. E., and D. K. Fox. Zirconium-Copper Alloy, High Strength and Conductivity. Metal 
Pro » V. 79, No. 4, April 1961, pp. 75-77. 

Hibbard, W. R., Jr., and W. R. Tully. The Effect of Orientation of the Recrystallization Kinetics of 
Cold-Rolled Single Crystals. Trans. Met. Soc. AIME (Formerly Sec. II, Trans., J. Metals), v. 221, No. 
2, April 1961, Pp. 336-343. 

Henderson, John, and Ling TAE Self-Diffusion of Copper in Molten Copper. Trans. Met. Soc. 
AIME (Formerly Sec. II, Trans., J. Metals), v. 221, No. 1, ebruary 1961, Ep. 7273. 

Preston, Oliver, and Nicholas J. Grant. Dispersion Strengthening of Copper by Internal Oxidation. 
Trans. Met. Soc. AIME (Formerly Seo. II, Trans., J. Metals), v. 221, No. 1, February 1961, pp. 164-173, 
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The Federal Bureau of Mines pu blished several reporte covering 

investigations on the use of rock bolts in copper mines,” extractive 

E of copper ores,? effects of ultrasonics in electroplating,* 
evelopment of analytical techniques,” and damping alloys. 


8 Merrill, Robert H., Thomas A. Morgan, and C. J. Stehlik. Determining the In-Place Support of 
Mine Roof With Rock Bolts, White Pine Copper Mine, Michigan. BuMines Rept. of Inv. 5746, 1961, 


wi Shelton, John E. Flotation Studies on Copper-Nickel Sulfide Ores From Deposits near Rockport, 
Maine. O Rept. of Inv. Sum d ME 1, 17 Pp. 
Freeman, G. C., Carl Rampacek, vans. Copper Segregation at the Lake Shore Mine. J. 
Metals, May 1961, pp. 370-372; Min. and E October 1 1961, pp. ee 
Stanczyk, M. H., and P. A. Bloom. Copper Recovery From Segregation-Flotation Concentrates by 
Ammonical-Ammonlum Carbonate Leaching. BuMines Rept. of Inv. 5826, 1961, 6 pp. 
Brantley, F. E., R. G. Peterson, and J. B. Clemmer. Electric Smelting and Gaseous Refining of Cement- 
Copper . Jbl F. Bu Mines Rept. of Inv. 5899, 1962, 14 pp. 
orrick, John D., and Joseph A. Button. Three Chemosynthette Autotrophic Bacteria Important to 
Leaching ‘Operations at Arizona Copper Mines. BuMines Rept. of Inv. 5718, 1961, 8 Dp. 
Kershner, K. K., and J. G. Donaldson. Chloridizing the Sulfides of Lead, Zinc, a and Copper. BuMines 
Rept. of Inv. 5894, 1981, 19 pp. 
Kenahan, Charles B. sand David Schlatn. Effects of Ultrasonics on Electrolytic Deposition of Copper 
and Zinc From BUD and C anide Electrol . BuMines Rept. of Inv. 5890, 1961, 53 pp. 
33 Gajan, R. J., and D han. Rapid Determination of Aluminum, Iron, Copper, Cadmium, and 
Lead in Zine Base Ms. BuMines Rept. of Inv. 5727, 1961, 10 pp. 
Prokopovitch, A. S., and T. E. Green. Spectrophotometric N of Trace Amounts of Copper 
in Tungsten Metal Powder. Bu Mines Rept. of In v. 5720, 1961, 7 pp. 
9 Jenson, J. W., A. E. Schwaneke, and D. F. Walsh. Fatigue "Properties of Manganese-Copper Damping 
Alloys. BuMines Rept. of Inv. 5853 196! 14 pp. 


Diatomite 
By John W. Hartwell?! and Victoria R. Schreck? 


P 


UTPUT of diatomite in the United States in 1961 exceeded 

O that of 1960 by about 4 percent in quantity and 7 percent in 

value. Production data are company confidential and cannot 

be published for 1961, but the 3-year total for 1960-62 will be pub- 
lished in the 1962 chapter. 


DOMESTIC PRODUCTION 


California retained the position it had maintained since 1910 as 
the leading diatomite-producing State. The second leading State 
was Nevada, followed by Washington, Oregon, and Arizona. This 
was the first year since 1955 that Arizona had any production. Four- 
teen plants owned and operated by 13 companies reported production 
during the year, compared with 13 plants owned by 10 companies in 
1960. Four firms with seven operations supplied a very large part 
of the output. 

Great Lakes Carbon Corp. announced the closing of its mine and 
processin pau at Terrebonne, Oreg., about mid-1961, when the 
supply of filter-grade material was depleted. The mine had been in 
operation since 1936. 

Two diatomite deposits near Trinity Mountain, Nev., owned by 
The Eagle-Pitcher Co., were uncovered for large-scale sampling. 
The company plant at Colado, Nev., operated at full capacity dur- 
ing the year because of heavy demand for filtration material by the 
swimming-pool-filter industry. 

Kenite, Inc., near Vantage, Wash., undertook an exploratory 
drilling program for deposits of diatomite. 


TABLE 1.—Diatomite sold or used by producers in the United States, 3-year totals 


1942-44 | 1945-47 | 1948-50 | 1951-53 | 1954-56 | 1957-59 


Domestic production (sales) .. short tons. ] 524,872 | 640,764 | 722.070 | 908,448 |1,105,279 | 1,349, 340 
Average value per ton $18. 85 $20.17 $25. 55 $29. 97 $39. 21 $45. 73 


CONSUMPTION AND USES 


There was little change in the uses for diatomite in 1961, but 
total consumption increased. Diatomite remained the most widely 


1 Commodity specialist, Division of Minerals. 
2 Statistical clerk, Division of Minerals. 
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used filter medium, although competition from expanded perlite 
increased. ‘The quantity of filter-grade material used was slightly 
higher, but percentagewise its use remained the same as in 1960. 
Filler-grade diatomite consumption also increased in quantity, but 
its percentage of the total dropped 1 percent. The quantity used for 
insulation dropped about 3 percent, but percentage of the total used 
was the same as the previous year. iscellaneous uses increased 
7 percent in quantity but represented only 1 percent more of the 
total used. Miscellaneous uses were for abrasives, absorbents, 
carrier for catalysts, herbicides, pesticides, fungicides, fireproofing, 
glazes, enamels, flatting agents for paints, sodium and calcium silicate 
manufacture, and pozzolanic material. 
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Ficure 1.—Relative quantity of diatomite consumed in the United States for 
each principal class of use, 1940-61. 
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PRICES 


Prices were higher for both filter and filler grades of diatomite 
and lower for most others. Because of the higher prices for filter 
and filler grades, the average price for all diatomite increased about 


2 percent over that of 1960. 


TABLE 2.—Average annual value per ton of diatomite, by uses 


Use 1960 1961 Use 1960 1961 
Fiütration. -MoM $58. 50 $59.77 || FillereesLsss $46. 39 $50. 53 
Insulation..................... 49. 29 47.61 || Miscellaneous...............- 32. 92 31. 71 
Abrasives 22 138. 14 137. 00 — —ę—ę— 
Weighted average 49. 50 50. 65 


FOREIGN TRADE 


Exports of processed diatomite were substantial, but detailed statis- 
tics were not reported by the Department of Commerce. Crude diat- 
omite could be imported into the United States duty free under 
paragraph 1775 of the Tariff Act of 1930, but such imports probably 
were small or nonexistent. 


WORLD REVIEW 


The United States led the world in diatomite production. Other 
major producers were West Germany, France, and Italy. These 
four countries accounted for almost three-quarters of the world output. 

Canada.—Important deposits of diatomite and other minerals in 
British Columbia were shown on a map with some accompanying 
descriptive notes published by the Canadian Geological Survey.’ 

Iceland.—Representatives of a Dutch firm investigated diatomite de- 
posits in Northern Iceland to determine the feasibility of commercial 
production.“ 

Kenya. The East African Diatomite Syndicate, controlled two large 
deposits of diatomaceous earth on the main Nairobi-Nakuru road, 
about 80 miles from Nairobi. Investigations of the deposits proved 
reserves of 6 million tons and additional indicated reserves of 4 
million tons. In one of the deposits the bed is 75 to 100 feet thick; 
in the other it is 10 to 16 feet thick. Both deposits are near the 
surface. The diatomite mined has few impurities, and 86 percent 
silica content, particle-size range of 5 to 250 microns, and a density 
of from 6 to 14 pounds per cubic foot.’ 


oT Ipper, H. W., Geology, Prince hed Cariboo District, British Columbia. Canada 
Geol. Survey, Map 49-1960, 1961; Geo. Sci. Abs., v. 3, No. 10, October 1961, is 1. 

U.S. Embassy, Reykjavik, Iceland. State Department Dispatch 141, Feb. 6, 1962, p. 18. 
‘Mining Journal (London). Diatomite in East Africa. V. 257, No. 6572, Aug. 4, 1961, 
p. à 
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TABLE 3.—World production of diatomite by countries 


(Short tons) 
Country ! 1952—56 1957 1958 1959 1960 1961 
(average) 
North America: 
CALA coro 31 120 27 5 44 25 
Costa Hien... eu A 2, 303 3 1, 800 2, 205 2, 425 2, 425 2 2, 400 
ET E E 14, 110 20, 613 Bh, AA A EE 
Ai EE éͤwů! ⅛ PA EE 1, 887 2, 249 3 2, 200 
United States 2... ie ee 842, 182 | 4 449, 780 | * 449, 780 | € 449, 780 | € 449, 780 | 4449, 780 
South America: 
ATTE IDA 2: dea 4, 236 4, 084 4, 540 4, 829 8 4, 800 3 4, 800 
AA . GE EAR EA A ð 8 
A A 8 275 220 330 275 3275 
PBHE EA A A 8 39 117 254 1,284 9 1,300 
Europe 
AUS Dic cs 4, 241 3, 823 4, 086 4,492 4, 431 5, 993 
Denmark 
Diütorlte iu. ease eso cee eee 3 27, 500 33, 859 28, 660 36,376 | 333,000 8 33, 000 
Moler DEE 3 40, 000 41, 074 46. 486 40, 542 | 338, 500 3 38, 500 
as AA EEN 1,836 1,874 2,315 1,520 1, 457 3 1, 400 
Fransen 70, 625 86. 240 111, 948 112, 821 104, 940 | 8 110,000 
Germany, West 57, 500 71, 918 115, 3519 111,826 107, 831 3 119, 000 
A 8 10, 421 29, 707 49, 828 57,100 | 3 55,000 3 55, 000 
Ports!!! 8 1. 745 1. 613 1. 159 2,075 1,172 3 1,100 
Sill 11, 050 13. 856 12, 858 11. 561 13. 840 3 14, 330 
BWedenzt::iu.loewo-zeadaesezcalofpeau 1, 423 1, 317 1, 260 31,100 2,20 3 2, 200 
United Kingdom 24, 870 25, 518 28,154 | 119,000 16, 553 $ 16, 500 
Y UEOSIO VIA clero Ee 3, 808 3 4, 400 3 4, 400 $ 5,000 3 5,000 3 6,000 
iu Korea, Republic of 1, 786 1. 472 518 1, 865 2, 616 1, 989 
rica: 
BL e AAA IA 29, 879 19, 605 28, 629 31,72 24, 266 38, 581 
KREE A TT 4,783 4, 737 3, 802 4, 041 3, 791 3, 537 
Mozambique I II 103 3 110 
Rhodesia and Nyasaland, Federation 
of: Southern Rhodesla..........].......... S ĩ˙Ü 148 164 409 
Union of South Afri enn 768 606 359 397 346 137 
United Arab Republic (Egypt) 373 703 397 441 805 8 770 
Oceania: 
e 6, 065 6, 968 4, 749 5, 700 5, 218 8 8, 500 
New Zealand......................... 261 3, 537 6, ¢ 8, 152 : 8 7,000 
World total 122 710,000 | 940,000 1, 040, 000 |1, 030, 000 1, 000, 000 | 1,030, 000 


! Diatomaceous earth is believed to be also produced In Brazil, Hungary, Japan, Rumanía. and U.S.8.R., 
but complete data are not available; estimates by senior author of chapter are included in total. 

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Estimate. 

$ Average annual production 1957-59. 

§ Average annual production 1953-56. 

A clay contaminated diatomite used principally for lightweight building brick. 

Includes tripoli. 


Compiled by Helen L. Hunt, Division of Foreign Activities. 


United Kingdom.—The diatomite deposit in Skye, Inverness County, 
Scotland, was abandoned by Scottish Diatomite Ltd., after it had 
been worked at a loss for 10 years. Efforts by the Inverness County 
Council to find another company to mine the deposit were not 
successful.“ 

The only commercial diatomite deposit is in the Kentmere Valley, 
near Staveley, in northern Lancashire County, England. A sub- 
sidiary of Cape Asbestos Co. produces about 12,000 tons a year from 
this deposit.” In 1960 the United Kingdom produced less than 17,000 
tons and imported about 63,000 tons of diatomite. 


* Chemical Trade Journal and Chemical Engineer (London). The Skye Diatomite De- 
posits. V. 148, No. 3850, Mar. 17, 1961, p. 594. 

' Chemical Trade Journal and Chemical Engineer (London). Diatomite or Scenery? 
V. 149, No. 8882, Oct. 27, 1961, p. 912 
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TECHNOLOGY 


The Montana Bureau of Mines and Geology issued a publication 
containing information on diatomaceous earth deposits in the Drum- 
mond area of Montana? 

Diatomite deposits in the Pleistocene Lake basins of southeastern 
ey were described. Only one commercial deposit had been 

oited.? 

ifteen brands of high-temperature block insulation, including 
those made of diatomite, were evaluated for petrographic composi- 
tion, bulk density, permeability, modulus of rupture, resistance to 
water disintegration, hot compressive strength, refractoriness, and 
thermal conductivity. Four brands, including one of diatomite, met 
tentative requirements for blast-furnace-stove insulation. Six brands, 
including three of diatomite, met tentative requirements for other 
steel-plant insulation.’ 

The production of organosilanes and silicones directly from silica 
or silicates was developed. The various modifications of the process 
involve reacting silica or a silicate with an alkyl aluminum halide 
either in an open system or in a sealed vessel. Silicates with open 
structures, such as diatomite, were more reactive than the clays, 
feldspars, and similar compact silicates." 

Estimates were made on the yearly production of diatomite, the 
quantity used as a filter aid, and its cost. A short history of the 
larger diatomite producers also was given.” 

study on the electrostatic behavior of both dust and filter fabric 
and their effect on filter operations was described. This study gave 
a guide to selecting a filter medium with electrostatic polarity and 
discharge rate that would give optimum capacity and efficiency. 
Some of the filtering products tested included flux-calcined and 
processed natural diatomite.“ 

Diatomite was described as being the most important filter aid 
for hard-to-filter liquids because it more nearly met the criteria for 
the ideal filtering agent.“ 

A porous material for use in handling and storing acetylene, made 
of a mixture of 3 to 15 percent diatomite and the remainder granular 
meerschaum, was patented.!5 


s Gwinn, Vinton E. Geology of the Drummond Area, Central-Western Montana. Mon- 
tana Bureau of Mines and Geol. Spec. Pub. 21 (Geol. Map 4), 1961; Geo. Sci. Abs., v. 8, 
No. 10, October 1961, p. 8. 

* Blanc, Robert P., and George B. Cleveland. Pleistocene Lakes of Southeastern Cali- 
fornia—II. General Inf. Service, California Bureau of Mines, v. 14, No. 5, May 1961, 


. 4. 
p 10 Eusner, G. R., and J. T. Shapland. Block Insulation for Stoves and Bustle Pipes. 
Am. Ceram. Soc. Bull., v. 40, No. 7, July 1991- pp 439—414. 
1 10 & . News. Silica and Silicates Give Silicones. V. 89, No. 15, 
pr. 10, „ p. 45. 

E Week. In the Bag: Filter-Ald Growth. V. 89, No. 6, Aug. 12, 1961, pp. 


5. 
13 Frederick, Edward R. How Dust Filter Selection Depends on Electrostatics. Chem. 
Eng. v. 88, No. 13, June 26, 1961, pp. 107-114. 
M jackson, Thomas M., Jr. Filter Aids Speed Up “Difficult” Filtrations. Chem. Eng., 
v. 68, No. 6, Mar. 20, 1981, pp. 141-148. 
35 Tebboth, J. A. (assigned to The British Oxygen Co., Ltd.). Granular Porons Mass for 
24 SCH lene Pressure Vessel and the Preparation Thereof. U.S. Patent 8,005,782, Oct. 
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A method of making a water-repellent composition containing a 
filler such as diatomite for coating masonry was patented.!* 

The manufacture of a high-filtration-flow-rate filter aid, using 
diatomite, was patented. The pulverized diatomite was simultane- 
ously mixed and sprayed with water to form agglomerates which 
were calcined in a rotary kiln. The discharged material was a satis- 
factory finished product without the need for air classification.” 

A smoke-filtering cartridge for cigarettes, cigarette holders, and 
pipes, made from diatomite, clay, and glazing material, was patented.: 

A patent was granted for a method of making molded thermal 
insulating shapes using perlite, asbestos, bentonite, chrysotile, and 
diatomite.!? 

A thermal insulating material and the method of making it were 
patented. The insulating material produced was a crystalline hydrous 
calcium silicate formed from reaction of a mixture of asbestos, lime, 
and diatomite, and incorporated into a chemically inert, finely divided 
additive of wollastonite, limestone, coal, and zircon. "The inert mate- 
damos reported to improve the thermal insulating efficiency of the 

roduct.”° 
A composition of either asbestos, rock wool, or glass fiber and an 
absorbant filler of diatomite or expanded perlite bound together with 
resin and forming evaporation plates for air-conditioning units was 
patented.” 

Recent West German patents were granted for a method of bleach- 
ing diatomite,?? a method of reducing the rate of corrosion of blast- 
furnace linings with 2 to 5 inches of diatomite, a pozzolanic additive 
in portland cement using diatomite,“ and production of a fertilizer 
containing diatomite.?® 


10 Liherthson, L., and H. Lipkind (assigned to Sonneborn Chemical & Refining Corp.). 
Water-Repellent Masonry Coating Composition Containing Filler Coated With an Organo- 
polysiloxane and Masonry Coated Therew!th. U.S. Patent 3.006.875, Oct. 31, 1961. 

1? Riede, R. G. (assigned to Johns-Manville Corp., New York, N. T.). Calcination of 
Diatomaceous Earth. U.S. Patent 3,013,981, Dec. 19, 1961. 

15 De li. W. Tobacco Smoke Filter and/or Absorbent. U.S. Patent 2,996,067, Aug. 

19 Heilman. R. H., R. W. Ortmiller, and A. P. Mueller (assigned to The Philip Carey 
Mfg. Co. Cincinnati. Ohio). Insulation Material and Method of Making Same. U.S. 
Patent 2.971.878. Feb. 14, 1961. 

~ Taylor, W. C. (assigned to Owens-Corning Fiberglas Corp.). Thermal Insulating Ma- 
terinl and Method of Making Same. U.S. Patent 3,001,882, Sept. 26, 1961. 

a Breiner, R. C., and R. G. Quinn (assigned to Johns-Manville Corp., New York, N. T.). 
Humidifier Plates. U.S. Patent 3,007,841, Nov. 7, 1961. 

2 Pesce, L. (assigned to SpA del Monte Amiata Farine Fossile d'Italla). West Ger- 
man Patent 1.052.964. Mar. 19, 1959: Chem. Abs., v. 55, No. 3, Feb. 6, 1961, col. 2054d. 

* Winters. C. (nssigned to August Thyssen-Hutte A.G.). West German Patent 1,065,440, 
Sept. 17, 1959: Chem. Abs., v. 55, No. 10. May 15, 1961, col. 98251. 

* Firma Paul Lechler. West German Patent 1.053.999, Mar. 26, 1959; Chem. Abs., v. 
55, No 4. Feb. 20, 1961, col. 39522. 

£ Volker, H. (assigned to Firma Ferdinand Ludolff). West German Patent 1,071,064, 
Dec. 17, 1959; Chem. Abs., v. 55, No. 14, July 10, 1961, col. 13793g. 


Feldspar, Nepheline Syenite, and 
Aplite 


By Taber de Polo! and Gertrude E. Tucker ? 


he 


FELDSPAR 


VERALL DEMAND for feldspar remained about the same in 
O 1961 as in 1960. Substantial declines in flat and plate glass 
requirements (12 percent) caused by lower automobile-industry 
consumption and increased imports were offset by the requirements of 
the glass-container industry and increased use in structural building 
units. 

Further excess production capacity and increased competition from 
substitutes resulted in the continuation of the price drop in glass-grade 
feldspar, which reached a low of $7.32 per short ton f.o.b. plants in 
North Carolina. Pottery-grade feldspar prices also declined in some 
areas. The price of some feldspar-silica mixtures was down to $6.75 
per short ton. 

TABLE 1.—Salient feldspar statistics 


1952-56 1961 
(average) 
United States: 
Crude: 
Sold or used by producers ! 

long tons..| 551,624 408, 057 9, 73! 8,3 502, 380 496, 808 
Value....... thousands.. : i $1, 775 $5, 120 
Average per long ton.. : E ; $9. 51 $10. 31 

Imports for consumption 
lonr tons.. 44 24 
Value thousands. | $5 $2 
Average. per long ton 3106. 95 $84. 38 

Consumption, apparent 3 
long tons.. 469, 811 502, 424 406, 832 

Ground: 

Sold by merchant mills 3 
short tons.. 2 ; 460, 602 . 528, 348 511, 626 
Value....... thousands.. B 7. $5, 540 * 7.079 Sp. 694 
Average. per short ton.. 3. 3 $13. 93 3. $13. 40 $12. 36 

Imports for consumption 
long tons.. 1 , 96r 6, 584 i 6, 980 2, 529 
Value....... thousands.. $101 d $110 $53 
Average..perlongton.. : $15. 27 S $15 69 $24. 86 
World: Production....... long tons.. 1, 220, 000 | 1,370, 1,470,000 | 1, 500, 000 


1 Ree table 2 for distribution of feldspar by derivation. 
2 Measured by quantity sold or used by producers plus imports. 
3 See table 4 for distribution of feldspar by derivation. 


! Commodity specialist, Division of Minerals. 
* Statistical assistant, Division of Minerals. 
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DOMESTIC PRODUCTION 


Crude Feldspar.—Production of crude feldspar was approximatel 
the same as in 1960. Over 50 percent of the output came from North 
Carolina. California was second in production. Flotation was used 
to concentrate 91 percent of the feldspar produced in North Carolina 
and Georgia, a substantial increase in percentage over 1960. Country- 
wide, flotation accounted for approximately 62 percent of the total 
feldspar output. 

Crude feldspar figures include hand-cobbed feldspar, flotation con- 
centrate, and the feldspar content of feldspar-silica mixtures. 

Byproduct feldspar production appeared to be gaining. The 
amount of hand-cobbed ere roduced from mines operated to re- 
cover only feldspar continued to decrease. There also was an increase 
in the number of consumers using silica-feldspar mixtures. 

The Feldspar Corp. operated its new mill at Middletown, Conn., 
for the first full year. 


TABLE 2.—Crude feldspar sold or used by producers in the United States 


Derivation of feldspar ! 


Hand-cobbed Flotation con- 
centrate 


Feldspar-stlica 


Year mixtures ? 


— —— | ees | CE | Ee — | m am | ES — 


ee ab a ee eo o eo e — 


1 Partly estimated, 
2 Feldspar content. 
3 Included with Motation concentrute. 


Ground Feldspar.—Ground feldspar sold by merchant mills in the 
United States increased 2 percent in quantity, but decreased 5 percent 
in value. Ground feldspar was produced at 21 mills in 13 States, 
a decrease of 3 mills and 1 State (New Jersey) from 1960. North 
Carolina, California, Connecticut, Georgia, and South Dakota were 
the leading producers in that order. Five Southeastern States E 

ia, North Caroline. South Carolina, Tennessee, and Virginia) pro- 
duced almost 62 percent of the ground feldspar. Ground feldspar 
figures include flotation concentrate and the feldspar content of feld- 
spar-silica mixtures, Tabular data show the origin of the feldspar 
(hand-cobbed, flotation concentrate, and feldspathic sands and rocks). 
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TABLE 3.—Ground feldspar sold by merchant mills! in the United States 


Domestic feldspar 
Year Mills 

Short tons Value 
(thousands) 
1952-56 (BVOTRgO) ci RS 24 2 507, 860 ? $8, 121 
/ DRE ER 23 603, 170 7,062 
a Ee Loto MAE EE EEE A E AEE I S E A A A 24 8 469, 602 9 6, 540 
%%% AI p RUE 26 3 560, 105 87, 659 
J!!! EEN 24 8 523, 348 37,079 
jl o A se ee a DU s 21 641, 626 6, 694 


1 Exclude potters and others who grind for consumption in their own plants, 
3 Includes Canadian feldspar 1952-54. 
8 Includes Canadian feldspar. 


CONSUMPTION AND USES 


Crude Feldspar.—Virtually all crude feldspar was either ground by 
the producing companies or sold to merchant grinders. Some pottery, 
enamel, and soap manufacturers purchased crude feldspar for all or 
part of their requirements and ground it to company specifications 
1n their own mills. 


TABLE 4.—Ground feldspar sold by merchant mills in the United States, by 
derivation ! and uses 


(Short tons) 


Flotation concentrate 


Hand-cobhed 


Year 
Pottery | Enamel} Other Pottery Enamel Other 

1952-56 
(average). 480, 710 
mum mm me wee 54,283 | 109,910 26. 052 | 16, 742 | 206, 987 | 166,933 | 58,131 |........- 231, 234 
1958... 48,376 | 93,805 | 21, 734 | 13,519 | 177, 434 | 171,002 | 53,2052 232, 696 
1959...........| 40.365 | 88,233 | 36,929 | 24,682 | 190,189 | 219,139 | 72,496 |........ 302, 193 
1900........... 308. 102 
INL, ee se gies 336, 682 

Grand total 
Pottery | Enamel} Other *| Total 

1952-56 
(average) . 112,968 | 1,182 |........ 191, 166 | 20,988 | 30,619 | 597,860 
1957 AAA 68, 43 EE A , 306 168, 041 | 26,052 | 29,218 | 503, 170 
1958...........| 49,003 | 4,767 |........ 7 151,777 | 21,734 | 27,710 | 469, 602 
19909 55. 809 323 |........ » E 166, 052 | 36,920 | 41, R11 | 560, 105 
1000..........- 7 152, 551 | 25, 149 | 55, 966 | 528, 348 


eessen) 65,950 | 6,083 |........ 8 152, 028 | 21,172 | 46, 863 


1 Partly estimated. 

2 Included with flotation concentrate. 

3 Felds content. 

‘Includes soaps, abrasives, and other miscellancous uses, 


Ground Feldspar.—Most consumers bought material already ground, 
sized, and ready for use in their manufactured products. In 1961 
the glass, pottery, and enamel industries consumed 91 percent o 
ground feldspar sold by merchant mills. Gains were made in glass, 
while pottery and enamel registered small declines. Other uses, 
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including soaps and abrasives, other ceramic uses, and Poni grit, 
decreased substantially. Almost 60 percent of the ground feldspar 
consumed in the United States was used in the major consuming States, 
California, Ohio, Pennsylvania, Illinois, and Indiana. 


TABLE 5.—Ground feldspar shipped from merchant mills in the United States 


(Short tons) 


Destination 1957 1958 1959 1960 1961 

n 75,012 77, 407 87, 332 91, 452 99, 149 
IA A ARO 56, 853 48, 385 57,972 54. 089 55,815 
NI. RA (1) 16, 353 34,212 28, 426 39,7 
Maryland. e o 15, 930 14, 000 17,572 16,017 14, 092 
Massachusetts... 2 aaa ccc ee cee eee eee 4,716 3, 738 4,229 5, 101 6, 235 
New TOTS S os Oe A qe 29, 358 24, 306 28,577 25, ONY 38, 245 
INOW. MR AN 21,819 20. S83 16, 463 19,701 16. 850 
C ee y yy er ek 61, 834 56. 307 71, 293 67,324 67, 304 
Pennsylvania 64, 302 60, 322 56, 332 60, 907 AN, 047 
A RS I E ³·ÜmAAT A 20, 934 (1) 22,057 21, 440 22, 994 
West Virgin 44. 593 (1) 51. 967 368, 216 27. 384 
W 9. 822 8. 664 10. 823 9. 677 8. 727 
Other destinations ³ Lc c ee. 97. 637 139, 177 101. 298 92, 009 89, 184 

a EE 503, 170 469, 602 560, 105 528, 343 541, 626 


t Included with “Other destinations.” 

2 Includes Alnbama (1260-61), Arkansas, Colorado, Connecticut (9358-61), Florida (1960-61), Georgia 
(1960), Hawaii (191), Kansas (1958), Kentueky, Louisiana, Maine (1957-60), Michigan, Minnesota, Missis- 
sippi, Missouri, Oklahoma, Rhode Island, Tennessee, Utah (1960), Vermont (1660), Washington (1957 and 
1959-61), shipments that cannot be separated by States, and shipments to States indicated by footnote 1, 
Also includes exports to Canada, Colombia (1961), Cuba (1939-60), England (1957-59), Mexico, Panama, 
Puerto Rico (1457-59), Venezuela (1957 and 1959-61), and West Germany (1957-55), and small quantities to 


other countries. 
PRICES 


Prices of crude feldspar do not appear in trade publications. The 
average value of crude feldspar was $10.31 per long ton, compared 
with $9.51 in 1960. 

The average selling price of ground feldspar was $12.36 per short 
ton, a decrease of almost 8 percent from the $13.40 figure for 1960. 

The following producing States had the highest selling price per 
short ton: Illinois, $22.36; New Hampshire, $21.34; Arizona, $20.75; 
Virginia, $19.98; Georgia, $19.85; and Tennessee, $18.38. 

The highest average value by uses was reported for enamel at 
$19.58 per short ton. 

Quotations on ground feldspar in E£MJ Metal and Mineral Markets 
for December 1961 were as follows: North Carolina, bulk carlots, 
325-mesh, $17 per short ton; 200-mesh, $17; 40-mesh, glass grade, 
$13.50; and 20-mesh semigranular, $7.50. 


FOREIGN TRADE ? 


According to reports from grinders, ground-feldspar exports de- 
creased to less than half the 1960 figure. Major countries of destina- 
tion were Canada, Mexico, and Venezuela; small quantities were 
shipped to unspecified countries. 

Cornwall Stone.—Imports for consumption of ground cornwall stone 
(all from England) increased to 30 tons valued at $882 in 1961. 


* Figures on imports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Ee Bureau of Mines, from records of the U.S. Department of Commerce, Bureau of 
e Census, 
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TABLE 6.—U.8. imports for consumption (all from Canada) of feldspar 


Crude Ground Crude Ground 
Year Year 
Long | Value | Long | Value Long | Value | Long | Value 
tons tons tons tons 
1052-56 (average).| 2,384 |$27, 106 725 |$18, 103 || 1959 45 | $4,522 | 5,160 | $81,849 
117770 ere 72 | 6,626 | 3,969 | 66, 548 || 19602 44 4.706 | 6,980 | 109, 547 
1088. ˙ eet 73 | 4,659 | 6,584 |100, 564 || 1961. 24 | 2,025 | 2,529 | 62,859 


Source: Bureau of the Census, 


WORLD REVIEW 


World production of feldspar increased 2 percent, and the United 
States furnished 33 percent of the output. Production by countries 
remained virtually the same as in 1960. 

A report on the feldspar economy of the U.S.S.R. was prepared by 
the Federal Bureau of Mines, based on an article (“Feldspar Raw 
Materials”) in a Soviet publication. It was estimated that production 
was 220,500 long tons annually, with 60 percent used in glass, 30 
percent in ceramics, 4 percent in abrasives, and 6 percent in other 
applications. Feldspar specifications in the U.S.S.R. were also given.‘ 


TABLE 7.—World production of feldspar, by countries 


(Long tons) 
Country ! 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 
Canada (shipments) 16, 770 18, 259 18, 203 16, 030 12, 376 8, 797 
United States (sold or used) 551, 624 498, 057 469, 738 548, 390 502, 380 498, 808 
d VC A cma xE 568, 394 516, 316 487, 941 564, 420 514, 756 505, 605 
South America: 
rgentina...........-.....-.-22- 6, 886 4,271 4, 221 4, 922 3 3, 900 3 8, 900 
jj ——————— ($) ($) (9 ‘ $41,000 | 344, 
lee 1,121 984 1, 476 1, 2, 953 
Colombla 4 A 5. 905 3, 937 14, 763 14, 763 3 14, 800 
Jléf e P cen E A A AA 992 
met 8? 548 168 267 352 713 877 
r 22, 700 36, 000 39, 000 56. 000 65, 000 68, 000 
Europe: 
AUStria. 2, 2, 612 2,613 3, 445 4, 573 3, 907 
Finland EE 10, 441 8, 932 11, 969 9,114 9, 158 14, 554 
EE 66, 372 65, 223 81, 103 , 737 73, 816 3 74, 000 
Germany, West 29, 568 167, 278 187, 504 186, 011 237,648 | 3235, 000 
A 8 5, 323 63, 969 55, 1 , 990 85, 076 88, 230 
Norway ......--..---..-.-----..- 33, 376 55, 423 41,618 60, 037 64, 958 68, 895 
Portugal EE 451 1, 161 837 1,699 31,700 
te DEE E 7, 483 4, 472 5,199 10, 722 11, 924 3 11, 800 
Sweden 47, 216 52, 968 42, 785 46, 159 54, 328 3 54, 000 
6B Rees ER 4) 175, 000 ,000 | ?185,000 | 3195, 3 195, 000 
Yugoslavia.....................- 5 5, 476 9, 608 12, 466 19, 309 13, 780 3 19, 700 
l 480, 000 610, 000 620, 000 660, 000 760, 000 770, 000 


———À— — | rr ee | ee | —— Ó— HA 
—M M 


See footnotes at end of table. 


‘Bureau of Mines. Mineral Trade Notes. "V. 54, No. 2, February 1962, pp. 15-17. 
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TABLE 7.—World production of feldspar, by countries ‘ *—Oontinued 


(Long tons) 
Country ! 1952-56 1957 1958 1959 1960 1961 
(average) 

Hong KODE EE € 91 1,156 1,653 1,716 2,511 1, 206 
VT WEE 4, 303 7,872 8, 432 9, 740 10, 287 8, 930 
Japan 51885 PA 3 seSSA 32, 274 43, 417 44, 507 60, 196 91, 454 3 93, 500 

d eg E EE 49 74 1, 684 3, 896 14, 526 
Viet. am, South. II -». = .= 
TOM Llaca ³ cc cece 37, 849 52, 404 54, 666 73, 336 108, 148 | 2118. 160 
bes Gel Kell EES Oe oOo eS Kee d 
Africa 

Kenge kee 7 Tr 3 1. 476 984 2, 953 

Malagasy Hepublis (Madacas pesa 2 ne LN aS 
Rhodesia and Nyasaland, Fam 

eration of: Southern Rhodesia.|...........1..........- WAG EA AA A 
Union of South Africa 6, 053 11, 381 7, 708 10, 447 15, 600 23, 290 
United Arab Republic (Egypt)..].-.....-..-|......--..-|----------- 492 EE 

„ 6. 105 11, 895 8, 506 12, 415 16, 938 26, 244 

Oceanía: Australia ?................. 15, 263 8, 820 7,016 6. 750 8.414 6. 900 

World total (estimate) 12. 1, 130, 000 | 1,240,000 | 1,220,000 | 1,370,000 | 1,470,000 | 1, 500, 000 


1 Feldspar is produced in China, Czechoslovakia, and Rumania, but data are not available; no estimates 
included in total except for Czechoslovakia, 
2 This table incorporates some revisions, Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail, 
3 Estimate. 
$ Data not available; estimate by senior author of chapter included in total. 
81 year only as 1956 was first year of commercial production, 
0 ibas i e annual production 1955-56, 
addition, the following quantities of aplite and other feldspathic rock were produced: 1952-56 (aver- 
age), 69,277 tons; 1957, 82,670 tons; 1958, 76,856 tons; 1959, 88,451 tons; 1960, 91,339 tons; 1961, 132,017 tons. 
verage annua] production 1954-56, 
* Includes some china stone, 


Compiled by Liela 8. Price, Division of Foreign Activities. 
TECHNOLOGY 


4 ERE of high-potash feldspar in Arizona * and California * were 
E 
riptions of newly discovered deposits of feldspathic materials 

in thet U. S. R., India,“ Brazil? and West Germany *° were published. 
Geology, physical and “chemical properties, and other laboratory data 
were given. 

The geology and physical properties of English cornwall stone 
were disc in detail. 


ë Ceramic News. Outstanding Feldspar and Silica Produced in Arizona. V. 10, No. 1, 
January 1961, pp. 12-13. 

ê Ceramic News. Southern California Source for Silica and Feldspar. V. 9, No. 12, 
December 1090 a 12. 

7 Kupfer, 8 (New Sources of Feldspathic Material for the Ceramic and Glass In- 
gastie Steklo d Keram., v. 18, No. 8, March 1961, pp. 25-27; Ceram. Abs., v. 45, 
No. 3 1 Ke p. 71e. 

8 Datar and S. H. Zaheer. Note on the Physical Properties of Golconda Feld- 
epar Enbwar Ch Saxena. Trans. Indian Ceram. Soc., v. 19, No. 8, March 1960, pp. 

? Zeemann, F. A. O. G., 8. Visconti, and B. N. F. Nicot. Study of a New Raw Mate- 
rial, Montmorilllonized Feld-par From Barra do Pirai, and Its Ceramic Use. Cerámica 
( 2 5 v. 6, No. 24, 1960, pp. 23-24; Ceram. Abe., v. 44, No. 9, September 1961, 
D. : 

1 Schott, R (quarts Porphyry— Indigenous Feigapar Baw Materia: Silikattech., v. 
11, No. 2, 1960, pp. 8 7-88 ; Ceram. Abr., v. 44, No. 1901, 174b. 

E Keeling, P. Cornish Stone. Trans. Brit. Coram. OC., v. 60, No. 6, June 1961. 
pp. . 


FELDSPAR, NEPHELINE SYENITE, AND APLITE 547 


A patent was issued for a method of processing pegmatite and 
recovering feldspar.” 

Background data on feldspar were included in a comprehensive 
reference book on ceramics.“ 

Detailed reports were published on the results of optical studies on 
feldspar minerals, including twinning and optical disturbances around 
stress centers.** 

Experimental work was conducted on the decomposition of feldspar 
materials by water at 295° C and 2,500 psi.“ 

Experimental results were published showing that the particle size 
of commercial ground feldspar and flint particles is a major factor 
in variable slip behavior. 

The flotation process used at the Middletown, Conn., plant of The 
Feldspar Corp. was described.“ 


NEPHELINE SYENITE 


Domestic Consumption.— Domestic consumption of nepheline syenite, 
imported from Canada, in the glass and ceramic industries decreased 
5 percent in quantity and 15 percent in value in 1961. Nepheline 
syenite unsuitable for the glass and ceramic industries because of 
high iron content was mined in Arkansas for use as roofing granules; 
production statistics are included in the “Stone” chapter. 


TABLE 8.—U.8. imports for consumption of nepheline syenite 


Crude Ground Orude 
Y ear 
Value | Short Short? Value | Short 
tons 
ONU EE 808 818. 652 |184, 464 
$157 101. 109 |! $1, 544, 117 || (oe 900 | 18, 585 
A A omen 89 | 1 2, 505. 248 || 1961.........--.-|1, 167 | 20, 224 |186, 297 
100 | 2,006 |164,814 | 2,253, 062 


1 Data known to be not comparable with other years. 
Source: Bureau of the Census. 


Prices."—Latest available published prices of processed nepheline 
syenite per short ton were quoted as follows, f.o.b. works, bags, carlots: 

lass grade (30-mesh), $15; pottery grade (200- to 325-mesh), $21.50 
to $28; and byproduct grade (100 mesh), $10 (add $3 per short ton to 
bulk quotations for bagging). 


% Thomson, Alfred M. Method of Processing Pegmatite (Potash Feldspar). U.S. Pat. 
2,994,581, AUR t 1961. 
xr aR . D. Introduction to Ceramics. John Gier 4 Bons, Inc., New York, 
"14 Ramberg, Hana. Artificial and Natural ane eet Gea acne in Quarts and Feldspars. 
8 


Tobi, Alexander C. The Becopni tion of Plaglociase Twins in Sections Normal to the 
ogist, v. 46, Nos. 11-12, November-December 1961, pp. 


18 Morey, George W., and Robert O. Fournier. The Decomposition of Microcline, Albite 
e in Hot Water. Am. Mineralogist, v. 46, Nos. 5-6, May-June 1961, pp. 

10 Pheips, G. W., and John 8. Dennis. Particle Size of Feldspar and Flint as a Factor 
in PHP ehavior. J. Am. Ceram. Soc., v. 44, No. 4, April 1961, pp. 149-156. 

27 Glass Industry. Feldspar by Flotation. "V. 42, No. 12, E 1961, pp. 
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Foreign Trade.—Imports of ground nepheline syenite from Canada, 
mostly for use in the glass industry, decreased 5 percent in quantity 
and 15 percent in value. About 1,167 short tons of crude nepheline 
syenite was imported from Canada. 

World Review: Canada.—Canada continued to be the major known 
producer of nepheline syenite for the ceramic industry. In 1960, ship- 
ments totaled nearly 250,000 short tons, 9 percent more than in 1959, 
and were valued at over $3 million. Table 9 shows production, export, 
and consumption data. 

Norway.—Exploration began on a nepheline syenite deposit in Fin- 
mark, northern Norway: Plant capacity was planned for 50,000 tons 
per year.?? 

JS.S.R.—Russia was reported to have increased production of 
nepheline syenite for use as a source of alumina and for the glass 
and ceramic industries. 

Other Countries.—Nepheline syenite also was mined in Belgium- 
Luxembourg, and deposits occur 1n Finland, India, Korea, and Peru. 


TABLE 9.—Canada: Production, exports, and consumption of nepheline syenite 


1958 1950 1960 ! 


Short tons | Short tons Value Short tons Value 


Production (shipments) |. .---....... 228,722 | $2,930,932 249, 200 | $3,030,300 
Exports: 
Belgium- Luxembourg .. 240 4. 635 353 6. 326 
Germany, Wes 388 6, 941 368 6, 820 
Tüerto-Itc0:. EE 8 900 13, 500 900 12, 225 
United Kingdom 4, 788 74, 844 6, 808 98, 132 
United States & 170,004 | 2, 213, 938 183, 864 2, 231, 761 
RE 8 1,710 31, 483 1, 005 18, 090 
Ve EE EE 178,120 | 2,345, 341 193, 298 2, 373, 354 
Consumption (Canada): 
Glass, glass fibre, and mineral wool.... 24, 165 hr AAA EEE 
Clay produets E 2, 579 // KT˙ A AT 
Miscellanco iss z̃ loco I) 8 
l! ¹·-- --- uc cebu 26, 744 e . WEE 


1 Preliminary figures. 


Source: Reeves, J. E. Nepheline Syenite 1960 (Preliminary). Canada Dept. Mines and Tech. Surveys, 
Rev. 45, May 1961, p. 4. 


Technology.—An extensive publication on southern Ontario nephe- 
line deposits, including information on existing uses and possibilities 
for expanded use, was published.“ 

A paper was presented on the production and quality control of 
pottery-grade nepheline syenite.?* 


as Mining Journal (London). Mining Miscellany. "V. 256, No. 6566, June 23, 1961, p. 


= Hewitt, D. F. Nepheline Syenite Deposits of Southern Ontario. Sixty-ninth Annual 
Report of the Ontario Department of Mines. V. 69, pt. 8, Ontario Dept. Mines, 1960, 194 


pp. 
“Taylor, G. H., and R. C. Wilson. Particle Size Control of Nepheline Syenite for 
Whitewares. Am. Ceram. Soc. Bull., v. 41, No. 1, January 1962, pp. 12-13. 
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A genera] review discussed the use of nepheline syenite in ceramic 
bodies. Automatic dry pens: dry mixing, automatic decoration, 
and glazing were included.?? 


APLITE 


The quantity of ground aplite sold, primarily for use in making 
amber glass, increased substantially in 1961, to 109,000 short tons. 
There was a small decrease in average price per ton. 

Aplite was mined only in Virginia. Producers were Riverton Lime 
& Stone Co. Division, Chadbourn Gotham, Inc., Amherst County; 
Consolidated Feldspar Department, International Minerals & Chemi- 
cal Corp., Nelson County; Buffalo Mines, Inc., Nelson County; and 
Metal & Thermit Corp., Hanover County. 


133 Jeuthe, H. K. New Methods in the Manufacture of Hotel and Domestic Ware. 
Serim Z., v. 13, No. 4, April 1961, pp. 162-164 ; Ceram. Abs., v. 44, No. 10, October 1961, 
p. e. 
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Ferroalloys 
By H. Austin Tucker, Gertrude C. Schwab, and Hilda V. Heidrich * 


A 


OMESTIC E of ferroalloys in 1961 decreased 12 per- 

D cent, and the quantity and value of shipments remained essen- 

tially the same as in 1960. Producer stocks declined 13 percent, 

and consumer stocks increased 13 percent. The ferroalloy industry 

produced 1.86 million short tons of products and shipped 1.94 million 
tons. 


LEGISLATION AND GOVERNMENT PROGRAMS 


The following paragraph is quoted from a release by the U.S. 
Department of Commerce: * 

According to a barter contract that CCC negotiated with the India Govern- 
ment in 1960, India was to supply 186,000 short tons gross weight of ferro- 
manganese to the United States. In 1961, the commitment was met. India 
shipped 112,000 short tons of ferromanganese and 65,000 short tons of ore to 
the United States, and 85,000 short tons of ore to other countries, all of the ore 
being converted to meet the remaining commitment of 74,000 short tons of ferro- 
manganese. Chile was given a contract to supply 35,800 short tons of ferro- 
manganese. 


DOMESTIC PRODUCTION 


In 1961, 52 producers in 19 States made 1.86 million tons of ferro- 
alloy in 56 plants; 40 of the plants were electric furnace, 10 were blast 
furnace, and 6 were aluminothermic. Ohio was the leading State 
with 471,666 short tons, and Pennsylvania was next with 448,678 tons. 
Producers also reported from Alabama, Florida, Idaho, Illinois, 
Indiana, Iowa, Kentucky, Montana, New Jersey, New York, Oregon, 
oe Carolina, Tennessee, Texas, Virginia, Washington, and West 

irginia. 

1 Iron Corp. closed its plant at Jackson, Ohio, early in the 
year. The plant consisted of a blast furnace and an electric furnace 
for making silvery pig iron and ferrosilicon. 

Manganese Alloys.—The 11 producers of ferromanganese made 13 
percent less alloy than in 1960 and upped 3 percent less, This com- 
modity was produced in 11 States in 5 blast-furnace and 14 electric- 


1 Commodity specialist, Division of Minerals. 
2 Statistical assistant, Division of Minerals. 
8 Iron and Steel Division, Business and Defense Services Administration. Ferroalloy 
Industry: Outlook for 1962 and Review of 1961. Dec. 18, 1961, p. 4. 
551 


552 MINERALS YEARBOOK, 1961 


furnace plants. The average unit value of the electric-furnace prod- 
uct increased from 11.3 to 13.7 cents per pound of contained manga- 
nese. A new producer in 1961 was Montana Ferro-Alloys Co., Inc. 
Pittsburgh Coke & Chemical Co., Neville Island (Pittsburgh), Pa., a 
1959 producer of ferromanganese and spiegeleisen and a 1960 pro- 
ducer of spiegeleisen, produced neither in 1961. 

Silicomanganese was made by 8 companies in 14 electric-furnace 
plants in 8 States. Production and shipments increased 19 and 16 
percent, respectively, with the average value down from 17.55 to 15.84 
cents per pound of contained manganese. A new producer in 1961 was 
Montana Ferro-Alloys Co., Inc. 

Silicon Alloys.—Eleven companies produced silicon alloys in 23 
electric-furnace plants in 10 States. Output decreased 4 percent, but 
shipments increased 14 percent. 

Silvery Iron.—Five companies continued to manufacture silvery iron 
in three blast-furnace plants and three electric-furnace plants in five 
States. Production decreased 49 percent and shipments decreased 
22 percent from the 1960 figures. The unit value of the blast-furnace 
product decreased from 43 to 41 cents per pound of contained silicon; 
that of the electric-furnace product decreased from 29 to 26 cents. 


TABLE 1.—Ferroalloys produced and shipped from furnaces in the United States 


1960 1961 


Alloy 
Ferromanganese: 
Blast furnace... 2... 534, 135 508, 441 729 
Electric furnace...... 247, 874 | 43, 248, 904 | 53,321 
Total. 782, 009 165. 862 757, 345 | 159, 050 
Sillcomanranese. ........ 104, 380 | 23, 983 121,229 | 25, 238 
Ferrosilicon............- 342, 210 | 63, 610 389, 268 72, 833 
Silvery fron: 
Blast furnace........ 166, 711 | 12,365 73, 873 112, 904 8,170 
Electric füurnace..... 113,011 | 10, 261 100, 029 105, 224 8, 712 
Dall. 279, 722 | 22,626 | 173, 902 218,128 | 16,882 
Chromium allovs: 
Ferrochromium..... 193, 807 | 78, 851 |! 213, 091 231,701 | 84, 547 
Other chromium al- 
Oy8.....-------- 79,036 | 26,736 | 280, 365 82,104 | 19,653 
Total. 272, 843 105, 587 | 293, 456 313, 805 | 104, 200 
Ferrotitanium........... 3,366 | 2,755 2, 607 2, 831 1, 919 
Ferrophosphorus........ 68.868 | 3,048 94, 841 51, 020 708 
Ferrocolumbtumand fer- 
rot:ntalum-columbium 691 993 1, 015 4, 014 
Ferronickel.............- 24, 359 056 { 20, 241 12, 992 
Ohe 60. 175 ; 73, 347 34, 421 
Grand total 2,118, 470 | 55. 60 938, 623 434, 227 |1, 864, 455 | 


1 Includes low- and high-carbon ferrochromium and chromium briquets. 

2 Includes ferrochrome-silicon, exothermic chromium additives, and other chromium alloys. 

? Includes Alsifer, ferroboron, ferromolybdenum, ferrotungsten, ferrovanadium, simanal, splegelelsen, 
ri re ontum-ferrosilicon, ferrosilicon-zireonium, aluminum-silicon alloy, and other miscellaneous erroalloys. 
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Chromium Alloys.—Eleven companies continued to make ferrochro- 
mium in 18 electric-furnace plants in 10 States. Production and ship- 
ments increased 5 and 15 percent, respectively. The average unit 
Mee contained chromium decreased from 33 to 28.4 cents per 

ound. 

Molybdenum Alloys.— T wo companies produced ferromolybdenum, 
mostly by the aluminothermic method, although in one plant the elec- 
tric-furnace method was also used. The average unit value increased 
again, from $1.82 to $2.17 per pound of contained molybdenum. 
Reading Chemicals continued to make molybdenum-aluminum with 
55 percent contained molybdenum. Shieldalloy Corp., a 1960 pro- 
ducer of ferromolybdenum, did not produce this substance in 1961. 

Titanium Alloys.—Four companies produced ferrotitanium in four 
electric-furnace plants and one aluminothermic plant in four States. 

Ferrophosphorus.—Eight companies produced ferrophosphorus as a 
byproduct of the electric-furnace process for smelting phosphate rock 
to make elemental phosphorus. Production increased 4 percent and 
shipments declined 26 percent. The average value increased from 
$44.26 to $53.07 per ton. 

Ferrocolumbium and Ferrotantalum-Columbium.—Six companies con- 
tinued to produce ferrocolumbium in four States in three electric- 
furnace plants and three alminothermic plants. They made 44 
percent more alloy than in 1960 and shipped 67 percent more. The 
average unit value decreased slightly, from $3.42 to $3.40 per pound of 
contained columbium. 

Two companies continued to manufacture ferrotantalum-colum- 
bium in plants that also made ferrocolumbium. Production decreased 
45 percent, and shipments decreased 61 percent. The average unit 
value declined slightly, from $3.07 to $2.99 per pound of contained 
columbium and tantalum. 

Ferronickel.— Hanna Nickel Smelting Co., Riddle, Oreg., continued 
as the only ferronickel producer. 

Vanadium Alloys.—Four producers made ferrovanadium contain- 
ing 56 percent vanadium in one electric-furnace plant and three alu- 
minothermic plants. 

Zirconium Alloys.—One company, in two electric-furnace plants in 
two States, continued to make zirconium-ferrosilicon containing 13 
percent zirconium. The unit value increased slightly, from 76 to 78 
cents per pound of contained zirconium. 

Ferroboron.—Ferroboron was produced by three companies in three 
electric-furnace plants in three States. The average boron content 
increased from 16.7 percent in 1960 to 17.3 percent. The average unit 
value increased from $6.60 to $6.80 per pound of contained ‘boron. 
Metal & Thermit Corp., a producer in 1959, did not make ferroboron 
in 1960 or 1961. 

Tungsten Alloys.—Ferrotungsten was produced by two companies in 
two electric-furnace plants in New York and Pennsylvania. Reading 
Chemicals, a third company, produced chromium-manganese-tungsten 
alloy by the aluminothermic process in Pennsylvania. Production of 
tungsten alloys increased 24 percent, and shipments declined 1 per- 
cent. The average unit value of contained tungsten was $2.47 per 
pound, compared with $2.10 per pound in 1960. 
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CONSUMPTION AND USES 


As reported to the Bureau of Mines, 1,660,000 short tons of the 
major ferroalloys was used in the United States, 5 percent less than 
in 1960. The American Iron and Steel Institute (AISI) showed 
that 1,398,000 short tons of the major ferroalloys was consumed by the 
stee] industry.‘ 

Most of Ao ferroalloys were consumed in alloy-steel ingot pro- 
duction. The AISI reported that 8.7 million tons of alloy steel was 
produced in 1961, compared with 8.4 million in 1960. Included in the 
8.7 million tons was 5.3 million tons of heat-treatable engineerin 
steel; 932,000 tons of low-alloy, high-strength, and non-heat-treate 
engineering and construction steels; 945,000 tons of silicon electric 
sheet; 649,000 tons of nominal 18-8 nickel-chromium stainless steels 
(AISI 300 series) ; 872,000 tons of essentially nickel-free chromium 
stainless steels (AISI 400 and 500 series); and 394 tons of miscel- 
laneous alloy-steel ingot. The last category includes 280,000 tons of 
heat-treatable steel ingot containing boron, 17,700 tons less than in 
1960. Ferroalloys were also used in 1.1 million tons of cast steel 
and 11.5 million tons of cast iron in foundries independent of the 
steel producers. 

Manganese Alloys.— The consumption of ferromanganese declined 
24,000 short tons from that in 1960. Almost half the decline was in 
gray and malleable castings. 

he use of silicomanganese increased 13,000 tons over that of 1960 
od was spread proportionately among the six categories listed in 
table 3. 

Silicon Alloys —The consumption of silicon alloys was down 78,000 
short tons from that in 1960; of this decrease 69,000 tons was silvery 
pig iron. The greatest decline in the use of silvery pig iron was in 

y and malleable castings, 58,000 tons, which was comparable to the 
61,000 ton drop in the same category in 1960. The downward trend 
in the use of silvery pig iron was attributed to a preference by foun- 
drymen for the 50-percent grade of ferrosilicon, principally because 
it was less expensive. 

Titanium Alloys.—Consumption of ferrotitanium decreased for the 
second successive year. 

Ferrophosphorus.—Seven hundred tons less ferrophosphorus was con- 
sumed than in 1960; 1,000 less tons was used in “other alloy steels,” but 
this was offset in part by small gains in several other use categories. 

Ferroboron.—Consumption of forroboron declined 25 percent from 
that of 1960. The distribution of use changed markedly in 1961; 
alloy steel and carbon steel absorbed essentially the same quantities, 
whereas in previous years alloy steels had absorbed a much larger 
proportion. 

Chromium Alloys.—Consumption of chromium alloys increased 11,000 
tons over that of 1960 but was 7,000 tons less than in 1959. The use 
categories that increased markedly in 1961 were stainless steel and 
high-temperature alloys. 


* American Iron and Steel Institute. Annual Statistical Report. 1961, pp. 20, 21. 
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Molybdenum Alloys.—No significant change occurred in the consump- 
tion of molybdenum alloys. 

Tungsten Alloys.—Consumption increased 9 percent, or 41 tons, with 
“other tool steels” and “other alloy steels” the chief gainers. 

Vanadium Alloys.—The same quantity of vanadium alloys was con- 
sumed as in 1960, with slightly more used for “other alloy steels” and 
less used for “tool steels.” 

Ferrocolumbium and Ferrotantalum-Columbium.—Consumption of fer- 
rocolumbium alone increased 65 percent. Together with the 32-per- 
cent gain in 1960, this increase indicates the growing popularity of 
ferrocolumbium as a deoxidizer and grain refiner in stainless, common 
alloy, and carbon steels, and in high-temperature alloys. The con- 
sumption rate of ferrocolumbium averaged 30 tons per month until 
July and rose to 47 tons in August, 68 tons in September, and 65 tons 
in October. For a description of the influence of columbium upon the 
properties of steel, see the “Iron and Steel” chapter. 

Zirconium Alloys.—The steel producers reported to the AISI that 
they consumed 1,786 short tons of ferrozirconium and 145 tons of the 
minor zirconium alloys, silicon-zirconium, aluminum-zirconium, and 
Grainal. As in 1960, the minor alloys increased in use significantly, 
but ferrozirconium declined. 


TABLE 3.—Consumption by end uses of ferroalloys as additives in the United 
States in 19617 


(Short tons, gross weight) 


Stainless | Other Carbon 


Alloy steels alloy steels 
steels? 
Ferromananese . 10, 693 147, 254 642. 407 
Silieomnanvane se 4, 145 31, 762 69. ^15 
Silicon ulloys W 14, 878 91,192 118, 403 
Ferrotitanium......... rss 5-0 RSQ 949 
Ferrophosphorus 8 1, £09 10, 9 
Ferroboron 2 44 43 
Toda 30,309 | 273,060 | 842, 600 


1 Except for cray and malleable castings, other items may include steel castings as well as steel ingots. 

2 Includes steel mill rolls. 

8 Includes hivh speed, hot-work, and other tool steels. 

Includes cutting and wear-resistant materials, high-temperature alloys, welding rods, alloy hard-facing 
rods and materials, permanent-maxznet alloys, soft-magnetic alloys, nickel-base alloys, titanium-base alloys, 
wire, rod, sheet, aluminum-base alloys, high-silicon alloys, anodes, powdered-premixed ferrophosphorus, 
pig fron, and ground-coat frit. 

Includes splercleisen, manganese metal, and briquets. 

* Sce table 2 for more detail on silicon alloys. 
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TABLE 4.—Consumption by end uses of ferroalloys as alloying elements in the 
United States in 1961 


(Short tons of contained alloy) 


High- 


Alloy Carbon| speed 
steels | steels uses 

Ferrochromium 3.....| 111,926 | 337,953 |........ 1,725 | 161, 960 
Ferromolybdenum t..| 1,010 | 3822 |........ , 808 
Ferrotuncsten........|.........| 383 251  142|.......... 710 511 
Ferrovanadium....... 31 1, 488 
Ferrocolumbium . A A 10 19 489 
Ferrotantalum- 

columbia kosa o —— 48 SE, D |cesao uz 103 37 


—M . E | —— . es ns | ———— | rs | cc 


8 2, 184 | 168, 203 


1 Includes hot-work and die steels. 

3 Includes ferrochromium alloys and chromium metals. 

% Includes quantities believed used in producing high-speed and other tool stells and stainless steels, 
because somo firms failed to specify Individual uses. 

* Includes calcium molybdate and molybdenum silicide. 

$ Includes steel mill rolls, stainless steel, and other alloy steels. 

* Includes cutting and wear-resistant alloys. 

? Includes diamond-drill bit matrices, electrical contact points, and welding rods. 

* Includes steel mill rolls. 

* Bee table 5 for more detail on end uses. 

19 Includes refractory alloys and research. 


TABLE 5.—Consumption by end uses of ferrocolumbium and ferrotantalum- 
columbium in the United States 


(Pounds of contained columbium and tantalum) 


Product 1960 1961 Product 1961 
Stainless steels 482, 360 | 591,389 || High-temperature alloys. ... 180, 869 
Other alloy steels 73,533 | 155,138 || Permanent-magnet alloys... 2, 122 
Carbon steels 21, 452 77, 967 || Refractory alloys 2, 3, 500 
Tool steels ue 260 234 || Miscellaneous uses 7,999 
Welding rods. .................. 25, 933 30, 687 — . — 
Gray and malleablo castings 383 2, 276 r 1, 052, 181 


STOCKS 


Producer stocks declined 13 percent and consumer stocks increased 
13 percent. In contrast to the general decrease in producer stocks, 
ferrophosphorus inventories increased 39 percent. Since ferrophos- 
phorus is the unwanted byproduct of the smelting of phosphate rock 
in electric furnaces to make elemental phosphorus, no direct control of 
production is possible. This situation and decreased exports were the 
chief causes of the rapid accumulation of ferrophosphorus at the pro- 
ducers’ plants. The Tennessee Valley Authority reduced its stock 
of ferrophosphorus from 79,500 to 31,667 short tons. 

In addition to the stocks reported in table 6, the quantities of fer- 
roalloys stored in the various U.S. Government stockpiles are shown 
in table 7. No ferroalloys were stored in the Defense Product Act 
stockpile as of December 31, 1961. 
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TABLE 6.—8tocks of ferroalloys held by producers and consumers in the United 


States, Dec. 31 
(Short tons) 
Producers Consumers 
Alloy 
1960, gross 1961, gross 1960, gross 1061, gross 
weight weight weight weight 
Manganese ferroalloys 11. 2 199, 897 179, 706 144, 536 171, 616 
Silicon alloys zzz 3 212, 607 130, 139 4 73, 621 4 84, 782 
Ferrochromium . 2 76, 689 57, 640 16, 530 28, 203 
Ferrotitantum.........................- 3 989 765 690 695 
Ferropbospborug 2 111,059 154, 184 3, 666 3, 610 
Rerroboropn. -2-20-20 --0 81 78 29 57 
gy) EE 2 601, 322 622, 602 239, 072 268, 963 
1960, con- 1961, con- 1960, con- 1961, con- 
tained alloy tained alloy tained alloy tained alloy 
Ferromolybdenum . 1) 574 545 
Ferrotungsten y 89 89 
Ferrovanadium........................ 259 262 
Ferrocolumbium....................... 163 156 87 76 
Ferrotantalum-columbium............. () (1) 11 12 
TOM ae 21,513 933 1, 020 984 


1 5 e splegeleisen, manganese metal, and briquets. 
v gure. 

$ Includes silvery fron, sluminum-silicon alloy, ferrosilicon-boron-ferrosilicon-zirconium, Alsifer, and 
silicon-manganese-aluminum. 

For more detail on stocks see table 2. 

$ Includes other chromium ferroallys and chromium metal. 

* Includes calcium molybdate and molybdenum silicide. 

7 Figures withheld to avoid disclosing individual company confidential data, 


TABLE 7.—Government inventory of ferroalloys, Dec. 31, 1961 


(Sbort tons) 
National | CCC and sup- 
Alloy (strategic) plemental Total 
stock pile stock pile 
Ferrochromium 
High-éarboD EES 383, 000 
hf! EES 315, 000 
Ferrochroinium-silicon, low- carbon 58, 000 
Ferrocolumbium un RN 106 
Ferrotantalum- columblum cce ccce ecce eee senes 63 
Ferromanganese, standard hig h- carbon 700, 000 
Ferrotungsten (contained tungsten) 22 808 
Ferrovanadium (contained vanadlum) 989 
a WEE 1, 547, 966 


Prices of the major ferroalloys fluctuated during the year. One 
major producer cut the prices of certain grades of chrome alloy 2 to 
215 cents per pound on January 25, and on February 2 lowered prices 
on all grades of low-carbon ferrochromium. On October 15, the same 
producer raised prices of most grades of ferrochrome an average of 
slightly less than 2 cents per pound, but reduced the price of high- 
carbon ferrochrome 4.75 cents a pound to 24 cents. Other ferrochrome 


5 American Metal Market. Metal Market Staff Report Carbide Again Cuts Some Tags 
for Ferrochromes. V. 68, No. 23, Feb. 2, 1961, pp. 1, 2. 
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producers quickly followed these price changes. Price cuts were 
attributed to improved technology of production and cheaper ores 
from Africa, and price increases were attributed to a need to adjust the 
price-cost relationship in making ferrochrome. Apparently, the lower 
steel production index during the first half of the year strongly 
influenced these price changes. 

On February 2, the price of 50-percent ferrosilicon decreased 1.1 
cents per pound to 13.5 cents; it increased to 14.5 cents about Novem- 
ber 1.6 These price changes apparently were caused by the same 
supply-demand forces as for ferrochromium. 

ne producer cut the price of standard ferromanganese from $220 
to $190 per short ton and lowered the price of other manganese alloys 
on December 14 to meet competition from imported material! Other 
producers soon followed. ‘The price of silicomanganese was reduced 
1 cent to 10.6 cents per pound of alloy, and that of silicomanganese 
briquets was reduced 0.9 cent to 13.1 cents. 


FOREIGN TRADE * 


Foreign trade in ferroalloys increased for the fourth consecutive 
year. Ferromanganese imports from India increased nearly three- 
fold over 1960 as a result of barter for surplus agricultural products 
with the U.S. Department of Agriculture, Commodity Credit Corpo- 
ration (CCC). Other items of note were the large increases in ferro- 
manganese imports from West Germany and the Union of South 
Africa. Exports of ferrophosphorus, for years the leading ferroalloy 
exported, were 18,000 short tons less than in 1960. Ferrophosphorus 
dropped to second place among ferroalloy exports, with ferrosilicon 


taking the lead. 


* Ruth, John P. Vanadium Lifts Price of 50% Ferrosilicon. Am. Metal Market, v. 68, 
No. 210, Nov. 1, 1961, pp. 1, 14. 

T American Metal Market. Ferromanganese Price Cut. V. 68, No. 289, Dec. 14, 1961, 
p 


p. 1. 18. 

5 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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TABLE 8.—U.8. imports for consumption of ferroalloys and ferroalloy metals 


Alloy Gross 
weight 
(short 
tons) 
Calcium silicide. weer we AE EN SEENEN 176 
inn ⁊ðͤv 908 
Chromium-niekel and chromium vanadium . 
Fre data A pent bakes 17 
Ferrocerium and other cerium alloys............ 11 
Ferrochrome and ferrochromium: 
Containing 3 percent or more carbon 33, 525 
Containing less than 3 percent carbon....... 15, 862 


Ferrochromiuin-tungsten, chromium-tungsten, 
chrominm-cobalt-tungsten, tungsten-nickel, 
and other alloys of tungsten, n.s.p.f. (tungsten 


CONTENU O A RR RN AREE ESAME EROS (!) 
Ferromanganese: 
Containing not over 1 percent carbon....... 277 
Containing over 1 and less than 4 percent 


Ferromolybdenum, molybdenum metal and 
powder, calcium molybdate, and other com- 
pounds and alloys of molybdenum (molyb- 
ihnen Eer 
Ferne.. eer 17, 869 
Ferrosilicon- Aluminum and ſerroaluminum sili- 
En hun Mia 


Ferrotitantum w 
Kortum A muweqanEam ES 112 
Fotto aAmzwllum... 22 2 cll lc le cc ecce eere 15 
Manganese metal (manganese content (1) 
Manganese silicon (manganese content) (1) 
Silicon metal (silicon content)... 301 
Tungsten in combinations, in lump, grains, or 

powder (tungsten Content). (1) 
Tungstic acid and other alloys of tungsten, 

n.s.p.f. (tungsten content 1) 


$0, 899 


122, 004 


2, 278, 644 
16, 607, 675 


21, 612 
1, 532, 740 


653 

41. 4^6 
207. 257 
44, 182 
113, 276 
1, 885, 619 
80, 706 


369, 711 
204 


Gross | Con- 
weight| tent 
(short | (short 

tons) tons) 


279| (Q9 

692) () 

12| 0) 

9| () 

111 O 
14,406 | 9,433 
13,408 | 9,265 
(1) 5 
2551 | 2487 


7,813 | 6,396 


Value 


3, 125, 214 
4, 486, 413 


14, 998 
2 233, 131 
1,755, 700 


213, 572 |163, 316 |32, 407, 357 

Ai 5| 36,514 
13,730 | 2,307 

182 (Q9 | 93, 460 

214 | 170] 421,746 

() |. 565d 262. 460 

() | 13,471 | 2, 525. 407 

31 8, 206 

(0) 28 | 139,370 

(') 194 | 373, 503 


! Not recorded. 

3 Adjusted by the Bureau of Mines. 
3 780 pounds, 

4 6 pounds. 


Source: Bureau of the Census. 
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TABLE 9.—U.8. imports for consumption of ferromanganese and ferrosicilon, by 
countries 


Ferromanganese (manganese content), Ferrosilicon (silicon content) 
excluding silicomanganese 


Country 1960 1961 1950 1961 
Short Value Short Value Short Value Short | Value 
tons tons tons tons 
North America: 
Canada 615 | $295,670 166 $36,255 | 2,318 | $799,162 | 2,203 | $690, 250 
Mexico——wf lll 1, 513 295.055. AAA %ꝗ⅕ẽkdũã ꝗG ! A AA 
Total...---.------ 615 296, 670 1,679 272,210 | 2,318 | 799,162 | 2,203 | 690,250 
South America: Chile.. 448 72, 007 2, 877 CJ! ⁰ A 8 
Europe: n h 
Belgium-Luxem- 

DOM anios A8 2,757 JJ A E A A WE 
Frunce............- 18,041 2, 711, 736 31, 391 ;, AS AAA GEN 
Germany, West. 634 198,247 | 116,816 | 12,572,525 201 247,071 87 109, 403 
Ite... ee 1,611 412,745 363 Neid — 
Norway 2, 232 432, 949 1,710 245,000 | 2,176 | 424, 955 
Spain 1, 422 231, 262 1, 058 is EE WEN VERAS EE 
el EE, A EE 844 120670001. ases [o . Reve 
United Kingdom... 852 PEOR OS I oM cM y r eere NER 
Yugoslavia......... 3, 950 627, 785 6, 432 1, 005, 466 52 CCC 

dl MAA 31, 499 5, 333, 069 58, 614 9,955, 158 | 2, 429 681, 567 87 109, 403 

Asia: M 
India....... 5 27. 850 6, 374, 379 73,058 | 17,200, 849 [<< lic lis 
pn 23, 328 5, 523, 179 12, 453 3, 104, 704 183 43.074 |... Lp arci 
otal 51,178 | 11,897,558 | 85,521 | 20,395,643 | 183 40/4 A EEN 
Africa: Union of South 
frica................ 8,854 | 1,408, 059 21,508 | 3,126, 293 42 8, 937 17 3, 630 
Grand total...... 92, 504 | 19,008,323 | 1 170, 199 |134, 396, 188 | 4,972 | 1,532,740 | 2,307 | 803,2 


1 Adjusted by Bureau of Mines. 
Source: Bureau of the Census. 


TABLE 10.—U.8. exports of ferroalloys and ferroalloy metals 


1958 1959 1960 1961 
Alloy — ee 


Short Value Short Value Short Value Short Value 
tons tons tons tons 


— . — — —ß! — | c À— n | Re —ñ——— 


Ferrochrome.........| 1,920 | $1,012,260 | 6,127 | $2,095,978 | 15, 5858 | $5, 248, 750 | 7, 844 | $2, 837, 518 


Ferromanganese 1. 406 463, 596 047 35S, 134 151 202, 457 469 146, 178 
Ferromolybdenum... 113 244, 755 124 280, 495 212 489, 140 179 501, 476 
Ferrophosphorus..... 44,503 | 1,463,445 | 49,903 | 1,798, 592 | 47,£97 | 2,094,527 | 30,060 | 1, 307, 168 
Ferrosilicon.......... 2,117 391, 621 | 10, 558 950, 658 5, 501 $67, 140 | 34, 764 6, 104, 913 
Ferrotitanium and fer- 
rocarbon-titanium 323 138, 431 321 145, 621 245 187, 419 212 93, 389 
Ferrotunegsten........ 1 3, 508 38 PB E ral AA Ee (9) 1, 569 
Ferrovanadium...... 76 294, 933 152 529, 697 162 506, 624 120 426, 208 
Other ferroalloys..... 189 109, 146 323 194,187 | 3,845 846,53 | 4,839 | 1,234, 682 
Bpiegeleisen.......... 834 19, 243 3&0 37, 862 148 15, 056 525 46, 617 
Total... euo 51,542 | 4,206,238 | 68,873 | 6,508,371 | 74,349 | 10, 428, 001 | 79,012 | 12, 709, 718 


1 Less than 1 ton. 
Bource: Bureau of the Census. 
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WORLD REVIEW 


SOUTH AMERICA 


Chile.—In 1961, 5,047 short tons of ferroalloys was exported from 
Chile as itemized in table 11. 


TABLE 11.—Chile: Ferroalloys exported in 1961, by countries 


Source: U.S. Embassy, Santiago, Chile. State Department Dispatch 651. Apr. 18, 1962. 


EUROPE 


Italy.—The production of ferroalloys during the first half of 1961 
Mie 000 short tons, compared with 66,600 tons for the same period 
in 1960. 

Norway.—A new ferrosilicon plant under construction in Troms 
County and expansions in the existing ferrosilicon industry were 
oe to increase annual production to 250,000 tons by 1965. For 
other ferrosilicon data on Norway see the “Silicon” chapter in this 
volume. 

Norwegian exports of silicomanganese were nearly 43,400 tons in 
the first 6 months of 1961, compared with 42,100 for the same period 
in 1960. The largest importer of Norwegian silicomanganese was 
West Germany, followed by the United Kingdom.” 

United Kingdom.— Union Carbide Ltd. built a new 5 plant 
for making 2-pound ferroalloy briquets of ferrosilicon, zirconium- 
silicon, ferrochromium, ferromanganese, and silicomanganese. The 
plant, believed to be the first of its kind in Europe, was fully 
automatic." 

ASIA 


India.—The output of ferromanganese in 1961 was 115,000 short 
tons, and that of ferrosilicon was 8,800 tons. The total export value 
of both alloys was $22,000.” 


è Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, p. 21. 

1 American Metal Market. More Manganese From Russia Goes to Norway. V. 68, No. 
158, Aug. 17, 1961, p. 19. 

41 LE Ferroalloy Briquettes for Iron Foundries. V. 63, No. 879, May 1961, 


. 290. 
E 12 U.S. Embassy, New Delhi, India. State Department Dispatch 923. May 3, 1962, p. 1. 
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The National Metallurgical Laboratory at Jamshedpur developed a 
new process for producing low-carbon ferrochromium, employin 
existing equipment used to make high-carbon ferrochromium an 
ferrosilicon. A new plant was under construction at Bhadrak in 
Orissa to produce 9,000 short tons of low-carbon ferrochrome and 
2,200 tons of high-carbon ferrochrome." 

Since only ferrosilicon and standard high-carbon ferromanganese 
had been produced commercially in India, the National Metallurgical 
Laboratory „ a symposium to be held in February 1962 to 
encourage further growth of the ferroalloy industry.“ Meanwhile, 
Ferro Alloys Corp., Ltd., of Andhra Pradesh was embarking on a 
program to increase its production of standard ferromanganese from 
39,000 short tons in 1960 to 50,000 tons, using its three furnaces. It 
planned also to make silicomanganese and to erect an arc furnace for 
making low-carbon ferromanganese by the silicothermic reduction 
process. The plant was to have a capacity of 28 tons perday. Ferro 
Alloys Corp., Ltd., also planned to make ferrosilicon and ferro- 
chromium. Sirajuddin and Co. of Calcutta received permission 
from the Indian Government to produce 5,600 tons of ferrosilicon 
annually. 

Japan.—The Ministry of International Trade and Industry planned 
to liberalize the import restrictions on ferronickel early in 1962.“ 
Japanese ferroalloy producers decided to import 2,300 tons of chrome 
ore from Iran to help rectify the imbalance in trade between the two 
countries.“ Showa Denko K.K. concluded a long-term export con- 
tract with Rudolph Wolf Company of London to sell 6,700 short tons 
or more of low-carbon ferrochrome a year for the 5 (Se beginning 
with 1962. The first consignment was shipped in December 1961. 
Nippon Steel Tube Corp. concluded a contract to ship 6,700 tons of 
low-carbon ferrochrome to the United States. These two producers 
made most of Japan’s low-carbon ferrochrome, which totaled between 
78,000 and 90,000 tons in 1961. 

Philippines.—Acoje Mining Co. of Manila contracted with Koppers 
International C.A. to prepare specifications, design, and help build 
a small ferrochrome smelter near Iligan City on the island of Min- 
danao. The plant was to employ the Strategic-Udy direct-reduction 
process under license from Strategic Materials Corp. of New York.” 
The plant will produce 25,000 short tons of ferrochrome per year. 
The Philippines produced 318 tons of silicomanganese valued at 
US$16,700.?2 


13 Mining Journal (London). Technical Briefs. V. 258, No. 6604, Mar. 16, 1962, p. 265. 
14 Journal of Mines, Metals and Fuels. Production of Low Carbon Ferrochrome for Alloy 
Steel Industries. V. 9, No. 12, December 1961, p. 18. 
1$ Iron and Coal Trades Review. Symposium on Ferroalloy Industry in India. V. 188, 
No. 4863, Sept. 29, 1961, p. 674. 
2i AE of Mines, Metals and Fuels. Ferro Alloys Expansion Plans, V. 9, No. 8, 
ugus p. 28. 
i Mining Journal (London). Metals and Minerals. "V. 256, No. 6563, June 2, 1961, 
17 American Metal Market. Japan May Import More Ferronickel. V. 68, No. 158, Aug. 
, American Metal Market. Persian Chrome Ore for Japan. V. 68, No. 158, Aug. 17, 
» itining Journal (London). Metals and Minerals. V. 258, No. 6595, Jan. 12, 1962, 


Dp. > 
æ American Metal Market. Koppers Gets Contract To Build Philippines Ferrochrome 
Plant. V. 68, No. 141, July 15, 1981. p. 16. " d 

a Ke dk Manila, Philippines. State Department Dispatch 750. Apr. 28, 1962, 
en e Dp. e 
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AFRICA 


. Rhodesia and Nyasaland, Federation of. —Windsor Ferroalloys ( Pvt.) 
Ltd., with John Miles & Partners as consulting engineers, announced 
plans to erect a new smelter in Que Que, Southern Rhodesia, to produce 
13,500 short tons per year of high-carbon ferrochromium. The plant 
was rated at over 7,500 kva, sufficiet to smelt about 28,000 tons per 
year of local chromite ores,” 

Union of South Africa.—A frican Metals Corp., Ltd. (AMCOR), made 
manganese, chromium, silicon, and phosphorus ferroalloys in three 
electric-furnace plants. It began installing an additional 6,000-kva 
electric furnace at its Kookfontein works, near Vereeniging, where an 
existing furnace was expanded from 7,500 to 9,000 kva. An addi- 
tional 10,000-kva furnace was installed at Ferrometals Ltd., AMCOR’s 
associated works at Witbank. With these additions, AMCOR’s total 
installed electric furnace capacity become 90,000 kva.?* 

United Arab Republic (Egypt).—The Economic Development Organi- 
zation of the United Arab Republic planned to spend about US$13 
million at Aswan on calcium carbide and ferrosilicon ($3 million) and 
ferromanganese ($10 million) smelting facilities, beginning in 1969.15 


OCEANIA 


Australia.—The entire ferroalloy output in Australia was produced 
by Broken Hill Pty. Co., Ltd. (BHP), at Newcastle. Production 
was 18,600 short tons for the year ende November 30, 1960. Of this 
total, 670 short tons was high-carbon ferrochromium; 7,200 tons, 
standard ferromanganese; 720 tons, ferronickel; 8,100 tons, ferrosili- 
con (50-percent); and 1,900 tons, silicomanganese.?* The ferro- 
manganese plant being built for BHP at Bell Bay, Tasmania, as 
reported in the “Ferroalloys” chapter of the 1960 Minerals Yearbook, 
neared completion by yearend.? 


TECHNOLOGY 


A translation from Russian of “Production of Ferroalloys: Electro- 
metallurgy,” cosponsored by the Department of the Interior and the 
National Science Foundation, was published.? 

Union Carbide Metals introduced a refined charge-chrome, produced 
by blowing oxygen into a ladle of molten charge-chrome.? The 
oxygen injection oxidizes some of the carbon and silicon, agitates and 
homogenizes the bath, and raises the temperature, allowing more time 
for impurities to rise to the surface. Also, deleterious gas is removed 
from the bath. The refined product contains 58 to 65 percent chro- 


22 Iron and Coal Trades Review. Ferrochrome Smelter for Southern Rhodesia. V. 182, 
No. 4862, AE 22, 1961, p. 015. 

?* Mining Magazine (London). New Letters. V. 105, No. 4, October 1961, p. 235. 

35 Engineering and Mining Journal, v. 162, No. 7, July 1961, pp. 130, 138. 

% Bureau of Mines, Mineral Trade Notes. V. 54, No. 2, February 1962, pp. 17-19. 

9 Journal (London). Mining Miscellany. V. 258, No. 6600, Feb. 16, 1962, 


p. 171. 

2 Elyutin, V. P., Yu. A. Pavlov, B. E. Levin, and E. M. Alekseev. Production of Ferro- 
alloys: Electrometallurgy. Office of Technical Services, U.S. Department of Commerce. 
Order No. 61-11429, 2d ed., 1961, 1 

2 South African Mining Journal. etter Ferro-Chrome Being Made. V. 73, Pt. 1, No. 
3602, Feb. 16, 1962, p. 369. 
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mium and maximums of 4.25 percent carbon, 1.00 percent silicon, and 
0.03 percent sulfur. 

The New Jersey Zinc Co. was building the first commercial] electric- 
furnace plant at Pulmerton, Pa. (to be completed in 1962), for the con- 
tinuous production of spiegeleisen by an elaboration of the electric- 
coproduct ore-reduction process.“ The company developed this 
process, which is a continuous reduction and distillation operation 
using a submerged-arc electric furnace with a rectification column that 
yields zinc. Part of the ore to be smelted consists of franklinite, an 
lron-manganese-zinc oxide mineral, from a deposit at Ogdensburg, 
N.J. The electric-furnace installation is reported to be more eflicient 
and of wider scope than the three blast furnaces it replaces. 

Nonmetallurgical-grade chrome ore containing 31 percent chro- 
mium and 19 percent iron from the Transvaal, Union of South Africa, 
was successfully smelted by the Strategic-Udy process in Niagara 
Falls, Ontario, Canada. ‘The ore was crushed, concentrated, and 
partially reduced in arotary kiln. Final reduction to ferrochromium 
was accomplished in a 10,000-kva electric furnace.“ 


* Blast Furnace and Steel Plant. Spiegeleisen Made By New Process. V. 49, No. 7, 
July 1961, pp. 680, 681. 

Mining Journal (London). Ferro-Chrome Production at Niagara Falls. V. 258, No. 
6596, Jan. 19, 1962, p. 61. 
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Fluorspar and Cryolite 


By William V. Kuster? and Victoria R. Schreck ? 


4 
FLUORSPAR 


HIPMENTS of fluorspar from domestic mines were down 11 per- 
S cent from 1960, and imports for 5 were down 5 percent; 
however, fluorspar consumption reached a new high, exceeding by 
6 percent the previous peak recorded in 1957. Excess fluorspar 
to supply this peak came from inventories of fluorspar held in 
consumers plants. Quoted prices remained stable throughout the 
year; however, the average unit sales price of acid-grade fluorspar at 
yearend was $2 less than in the first half of the year. The unit sales 
price of Mexican acid-grade fluorspar was down $5 at midyear from 
the figure received when the year opened, but it rose thereafter and 
ead the year only $2 below the opening figure. 


TABLE 1.—Salient fluorspar statistics 


dd dd 


United States: 
Production: 
Crude: 
Mine production..short tons.. 
Material milled or washed. do. 
Beneflciated material] recov- 


615, 075 
491, 000 


ered............short tons.. 193, 000 
Finished (shipments)........ do... 205, 033 
Value thousands $0, 275 
Imports for consumption..short Long 505, 759 
Value thousands $13, 644 
EXDOItS..... le corse de short tons. 338 
Value... thousands. 
Consumptlon............ -Short tons... 681, 883 
Stocks Dec. 31: 
Domestic mines: 
Crude 1,.......... short tons.. 209, 915 
Finished 0 21, 001 
Consumer plants do.. 183, 198 
Importers 2 do 75, 811 
World: Production 300 


1 1 (run- of. mine) fluors par in most cases is subjected to some type of processing before it can be 
Mar e . 


1 Commodity specialist, Division of Minerals. 
? Statistical clerk, Division of Minerals. 
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LEGISLATION AND GOVERNMENT PROGRAMS 


Senate Resolution 206, adopted September 23, 1961, authorized the 
U.S. Tariff Commission to conduct an investigation of the domestic 
fluorspar market under Section 332 of the Tariff Act of 1930. A pub- 
lic hearing was scheduled for Washington, D.C., on January 30, 1962. 

The Office of Minerals Exploration (OME) encouraged exploration 
for certain minerals, including fluorspar, by participating to the ex- 
tent of 50 percent of the financial risk with private industry in ap- 
proved exploratory ventures. No exploration contracts for fluorspar 
were in force on December 81, 1961. 

The Federal Government, under authority contained in the Agri- 
cultural Trade Development Act of 1954, acquired fluorspar through 
barter of surplus agricultural products. Barter contracts were exec- 
uted by the Commodity Credit Corporation, U.S. Department of 
Agriculture. 


DOMESTIC PRODUCTION 


Fluorspar was mined in Colorado, Illinois, Kentucky, Montana, 
Nevada, and Utah. Shipments of finished fluorspar from mines 
totaled 205,083 short tons, by grade as follows: Acid, 128,978 
tons valued at $6,693,090; ceramic, 33,593 tons, at $1,466,230; and 
metallurgical, 42,512 tons, at $1,115,299. Producers in Illinois, lead- 
ing producing State, supplied 57 percent of the domestic output. 

Output of crude ore from domestic mines was 615,075 short tons, 
7 percent more than 1960. Of the total, 88 percent was obtained from 
mines that produced over 20,000 tons each. In 1961, six independent 
and consumer-operated mills processed 491,035 short tons of crude ore 
from which 209,545 tons of flotation concentrate was recovered. Also, 
56,193 short tons of crude ore was treated in heavy-medium plants, but 
only 7,672 tons of heavy-medium concentrate was marketed ; additional 
material recovered was further processed in flotation mills. Crude 
fluorspar marketed as mined totaled 37,583 tons, compared with 18,505 
tons in 1960. 

Captive mines produced 252,285 tons of ore, and their mills recov- 
ered 79,354 tons of concentrate from 196,392 tons of ore. 

In April Stauffer Chemical Co. announced purchase of special fluor- 
ide-producing facilities of Aluminum Co. of America (Alcoa) at East 
St. Louis, Ill. Fluoride products produced at the East St. Louis plant 
included sodium fluoride, sodium bifluoride, fluoboric acid, and sodium 
fluoborate. 

Late in 1961 Alcoa announced transfer of its hydrofluoric acid facili- 
ties from East St. Louis, Ill., to Point Comfort, Tex. The Point 
Comfort plant was to begin operating January 1962, and as it pro- 
ceeded toward optimum RE the old plant in East St. Louis was 
to be phased out gradually so no production time would be lost. 

At the request of the fluorspar industry, new geological maps of the 
Illinois fluorspar district were being made by the State geological 
survey to aid exploration for deposits. The mapping program cov- 
ered all of Hardin County and adjacent parts of Pope, Gallatin, and 
Saline Counties. New maps, scaled 214 inches to a mile, were to be 
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TABLE 2.— Number and production of domestic crude fuorspar mines by size 
of operation 


1960 1961 
Annual production (short tons) 


Mines | Short tons | Percent | Mines | Short tons | Percent 


Lees than 1,000 1. 13 , 004 0.3 
eee 6 38, 845 6. 3 
10, 000-20, 000 2 30. 793 5.0 
Over tt (E 7 543, 433 88. 4 

TO A A esas 575, 700 É 28 615, 075 100. 0 


Includes prospects and reworked dumps and tallings of previous mining and milling operations. 


TABLE 3.—Shipments of finished fluorspar, by States 


1961 
State Value 

Total Avernge 

per ton 
A wees $6, 935, 511 : , 056, 350 $50. 95 
Kentucky ; 1, 172, 815 S , 754, 555 45.11 

Montana l (1) (1) 

Nevada —— 18, 505 387, 842 . 356, 610 19. 07 
Uta. RA A 51, 152 E 17, 608 28.87 
Other SE 17,708 | 1,842, 845 : 1, 189, 496 50. 00 
Total 5: aee .......- 10, 391, 000 9, 275, 000 45. 22 


1 Figure withheld to avoid disclosing individual company confidential data; included with “Other.” 
3 Includes Colorado and States indicated by footnote 1. 
3 Total value rounded. 


accompanied by a brief description of rock formations, structural 
features, and economic geology of the area. 

It was announced in November that N.F.Z. Corp., Cincinnati, Ohio 
was to reopen Mackey-Humm fluorspar mine and mill, 6 miles west of 
Elizabethtown, 111., on Illinois Route 146. 

Stauffer Chemical Co. opened & new research center in Richmond, 
Calif. The research building contains 53,000 square feet of floor 
space divided into 25 individual laboratories with offices and service 
facilities. Research on polymers; agricultural, inorganic, and fluo- 
eid Ue E catalysts; and analytical procedures was to be 
conducted. 


CONSUMPTION AND USES 


Domestic fluorspar consumption reached a record high of 682,000 
short tons. Most of the fluorspar was reportedly consumed in 37 
States; however, reports from producers, brokers, and importers in- 
dicated shipments were made to consumers in several other States. 
Delaware, New Jersey, Pennsylvania, Ohio, and Illinois accounted for 
47 percent of fluorspar consumed. 

ydrofluoric acid producers used 11 percent more fluorspar than in 
1960 to meet increased demands from aluminum and chemical 
industries. 
669818—62-——A7 
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TABLE 6—Production of steel and consumption and stocks of fluorspar (domestic 
and foreign) at basio open-hearth and eleotric-furnaoe steel plants 


Production of basic open-hearth steel ingots and 
castings at plants consuming fluors 
thousand short tons. 
Consumption of fluorspar in basic open-hearth 
steel production... .. thousand short tons.. 
Consumption of deer rei per short ton of basic 
open-hearth steel made pounds.. 
Btocks of fluorspar at basic open-hearth steel 
plants at end of year thousand short tons.. 
Production of electric-furnace steel ingots and 
castings at plants consuming fluorspar 
thousand short tons.. 
Consumption of fluorspar in electric-furnace steel 
production thousand short tons. 
Consumption of fluorspar per short ton of electrio- 
furnace steel made..................... pounds.. 
Stocks of fluorspar at electric-furnace steel plants 
at end of year thousand short tons.. 


TABLE 7.—Flourspar (domestic and foreign) consumed in the United States, 
by States 


(Short tons) 


Btate 


Alabama, Georgia, North Caro- 
lina, and South Carolina...... 
Arkansas, Kansas, Louisiana, 
Mississippi, and Oklahoma 
hen gedeien 


Connecticut e 


Delaware and New Jersey Oregon and Washington 
Florida, Rhode Island, and Pennsylvania 
Wir ilk A 821 
Ines eee oe 95, 527 
I!! lees oes 24, 181 
Iowa, Minnesota, South Dakota, 
and Wisconsin................- 4, 329 


1 Consumption partly estimated from sample canvass of consumers who accounted for more than 95 per- 
cent of total usage in 1959. 


STOCKS 


Producers reported that fluorspar stocks at mines, mills, and ship- 
ping points, on December 31, 1961, totaled 230,916 short tons, of which 
209,915 was crude mine-run fluorspar and 21,001 was finished 
fluorspar. 

Consumers indicated that fluorspar stocks held at yearend totaled 
183,198 tons, down 15 percent from 1960. Fluorspar stocks on hand 
at steel plants approximated a 614-month supply based upon the De- 
cember rate of consumption. | 

Stocks of fluorspar held in Government stockpiles totaled 655,000 
short tons. 
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American Fluoride Corp., New York, manufacturer and distributor 
of insecticides, rodenticides, and fluoride compounds, was acquired by 
Alexander M. Phillips and Harvey W. Rambach. The company was 
e be affiliated with Rambach Chemical Co. and American F'irstoline 

rp. 


TABLE 5.—Fluorspar (domestic and foreign) consumed and in stock in the United 
States, by grades and industries 


(Short tons) 
1960 1 1961 
Grade and industry Stocks at Stocks at 
Consump- | consumer | Consump- | consumer 
tion lants, tion lants, 
ec. 31 ec. 31 
Acid grade: 
Hydrofluoric acid - 372, 654 38, 938 412, 555 31,011 
AT A O A — 3,874 221 2, 643 465 
o o E A dE EE dad 135 17 262 46 
Welding rod coatings...................-.....------ 861 77 960 65 
8 e f 54 35 
pecial PAM 
I dus IAN | 2,052 1,018 1,639 1,020 
Primary glummu mm >= 
ge EE 379, 576 40, 271 418, 113 32, 642 
Ceramic grade: 

LASS EE 22, 396 2, 952 24, 340 3, 505 
Rnaüdel..... cce ³ A 8 4, 676 625 4, 495 713 
Weldin grod coatings.................-..-. ds 1, 192 100 1,279 157 
Noon Rem AR qase NEU E 8 63 120 
Porro ...——.—.—.—.—.—.7 5. 0 . 0 sm] Lu 

H ³˙Ü%⁴¹¹iàA ³˙⁰m MTS E 34, 254 5, 297 35, 589 5,637 

Metallurgical grade: 
E BE 687 112 713 148 
e NE E 4 2 4 2 
Welding rod coatings 395 22 506 28 
Nonenesss 738 370 10, 039 1, 520 
Special u.. ð ͤ 
Ferrell EE 1. 732 8. 043 2, 024 8, 993 
Primary magnesium 44 
,, . nume naue id CSS 11, 810 7, 909 10, 053 4, 778 
Basic open-bearth steel. EE 168, 733 155, 938 
Electric-furnace steel. ee lll... 45, 613 154, 244 48, 804 134, 450 
Bee, eerste cien 217 10 
Total- EE 229, 929 170, 762 228, 181 144, 919 
ee, — — — | ——— — — 
All grades: 

yurofiuoric acid. 372. 654 38, 938 412, 555 31,011 
Glass........-... EN — —— 26, 957 3, 285 27, 696 4,118 
¡TA egener dee dee EECH 4,815 544 4,761 761 
Welding rod coat ing 2, 448 199 2, 745 250 
NODIÍeITOUS sc cas . A IA 7 37 10, 146 1,675 
Special AUX AAA Ee 4, 166 1, 466 4, 227 963 
55 322 A 2, 543 L 148 2, 401 615 

mary aluminum .. e oe ene 

Primary magnesium 7% - - 3, 065 8, 167 2, 457 4, 577 
Iron foundry.............. "C RM ES 11, 810 7, 969 10, 053 4, 778 

Basic open-hearth steel... ... Llc ll lll lll l.l. 168, 733 155, 938 
Electric-furnace steel 45, 613 164, 244 48, 894 134, 450 

Bessemer steel. mee LLL Lll Lll lle nee 217 10 
Total %% äùqug —— 888 643, 759 216, 330 681, 853 183, 198 
1 Glass, enamel, and other (including welding rod coatings, nonferrous, special flux, and ferroalloys) ' 
peru Picea from sample canvass of consumers who accounted for more than 95 percent of total usage 


5 Agricultural Chemicals. Fluoride Firm Bought. V. 16, No. 8, August 1961, p. 66. 
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TABLE 8.—Fluorspar in Government inventories, as of Dec. 31, 1961 


National C.C.C. and 
Objective | (strategic) D. P. A. supple- 
stockpile | inventory mental 


TABLE 9.—8tocks of fluorspar at mines or shipping points in the United States, by 
States, Dec. 31 


(Short tons) 
1960 1961 
State E, (RS Rae SAA 
Crude ! Finished Crude ! Finished 

NN ONS o ies Sos ss eo eset 114, 470 8, 972 197, 518 13, 271 
entugekw ß e 3. 654 3, 819 (2) 3. 819 
California, Colorado, Nevada, Montana, and Utah 19, 599 3, 222 12, 397 3, 911 
Ir A E AA 137,723 16, 013 209, 915 21, 001 


SE SE (run-of-mine) fluorspar usually is subjected to some type of processing before it can 
mar : 
2 Figure withheld to avoid disclosing individual company confidential data. 


3 Crude only. 


PRICES 


E&MJ Metal and Mineral Markets reported prices of fluorspar as 
follows: Domestic acid-grade concentrates, 97 percent calcium fluo- 
ride (CaF;), dry basis, per short ton, bulk carlots, f.o.b. Illinois, $45 
January through May, and $45 to $50 June through December; ceram- 
ic-grade concentrates, 95 percent Ca F:, bulk, carlots, f.o.b. Illinois, 
$45 to $48; in 100 pound paper bags $3 extra; European acid-grade, 
duty paid, c.i.f. port of entry, 0.3 percent maximum moisture, con- 
tracts, bags $50, spot, $1 more, large discount for high moisture; and 
European metallurgical-grade fluorspar, 7215 percent effective CaF,, 
units, spot, $31 to $33, and contracts, $30 to $33. 


FOREIGN TRADE * 


Imports.—Fluorspar imports for consumption totaled 506,000 short 
tons valued at $13.6 million, a decrease of 5 percent from 1960. Mex- 
ico, the principal foreign source, supplied 68 percent of the 1961 
imports; Spain supplied 17 percent; and Italy 12 percent. Remain- 
ing imports came from West Germany and Canada. The decrease 
in total imports resulted from a 25-percent drop in imports of metal- 
VVV material. Acid- grade fluorspar imports were up 7 
Dee rom 1960. The U.S. Government imported 74,700 tons duty 

from Spain, West Germany, and Mexico, compared with 83,000 
tons in 1960. 

Exports.—A. total of 338 short tons of fluorspar valued at $30,419 

was exported, compared with 458 tons valued at $38,250 in 1960. 


* Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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TABLE 10.—Price quotations on selected fluorine chemical compounds in 1961 


Jan. 9 Dec. 25 
Aluminum fluoride, technical, anhydrous, bags, earlots, works. pound $0. 16 Unchanged 
Bags, less carlots, works do 0. 174-0. 19 Do. 
Bulk, carlots, basis 80 percent do 0. 14 Do. 
In fiber drums 0.35 cent per Nei higher. 
Ammonium bifluoride, drums, dell vered . do....| 0. 2145-0. 2245 Do. 
Ammonium silicofluoride, drums, Wors do....| 0.1214-0.13X Do. 
Boron trifluoride, gas, cylinders, truckload, works do.... 0. 70 Do. 
Cylinders, less truckload, works do.... 0. 70 Do. 
Chromium fluoride, barrels, work do.... 0. 51-0. 52 Do. 
Cryolite, natural, industrial, bags, carlots, works 100 pounds.. 13. 00 Do. 
Bags, less carlots, work do.... 14. 25 Do. 
Hydrotluoric acid, aqueous, 70 percent, i 55 or 30 gallon drums, do 19.25 | $17.25 3 
carlots, truckload, delivered. 
55 gullon drums, less carlots, less truckload, dellvered......... do.... 20.75 | 18.751 
20 gallon drums, carlots, truckload, declivered.................. do.... 21.00 | 19.003 
20 gallon drums, less carlots, less truckload, delivered do.... 22. 50 | 20.503 
Tanks, works, freight eougled. LLL ccc Llc ll l.l. do.... 13. 40 | 11. 50? 
Hydroflunsilicſe acid, drums, works, 30 percent basis pound.. 0.07 | Unchanged. 
Hydrogen fluoride, a cylinders, delivered, EX. do. ] 0.30!4-0.32!'4 | 0.29-0.31 3 
Cylinders, delivered, WX... do.... 0.39 | 0.371 
Tanks; worka: EE do.... 0.18 | 0.16? 
Lithium fluoride, drums, 20.000 pound lots, delivered... ........... do.... 1.75 | Unchanged, 
Barrels, ton lots and more delivered —ʒ—-ꝛ̃ 00aointMensoMOo do.... 1. 85 Do. 
Barrels, less ton lots, delivered. ............ lll lll ll l.l. do.... 1. 90 Do. 
Magnesium silicofluoride, drums, works........................... do.... 0. 1044-0. 12 Do. 
Potassium fluoborate, fiber drums, carlots, work. do.... 0. 30 Do. 
Fiber drums, less carlots, WOK... do.... 0.31 Do. 
Potassium fluoride, drums, work do.... 0. 36-0. 37 Do. 
Potassium silicofluoride, bags, work... do.... 0. 0914-0. 10 Do. 
In drums, 0.4 cent per pound higher. 
Sodium bifluoride, barrels, carlots, works, freight equaled. ........ do.... 0.1914 Do. 
Barrels. less carlots, same basis. do.... 0. 2025 Do. 
Bodium fluoride, white, 97 percent, fiber drums, carlots, works, do.... 0. 1390 Do 
[reicht equaled. 
Fiber drums, less carlots, works, freight equaled...............do.... 0. 1465 Do. 
Bodlum silicofluoride, bags, carlots, works... do.... 0.065 | 0. 07 4 
Bags, less carlots, Works do.... 0. 7 0. 0775 4 
In drums, 0.4 cent per pound higher. 
Zine fluoride, barrels, works c eo een eaae nee do.... 0. 49-0. 50 Do. 
Zinc silicofluoride, drums, Work .. do.... 0. 12140. 14 Do. 


1 Delivered prices apply to all States east of Arizona, California, Colorado, Idaho, Montana, Nevada, 
Ad M: Oregon, Washington, and Wyoming. In those States add $2.70 per hundred weight for 

rum delívery. 

3 Decrease published June 19, 1961. 

3 E= East: W= West, 

4 Change publisbed November 13, 1961. 


Source: Oll, Paint & Drug Reporter. 


WORLD REVIEW 


The United States was the only country in North America where 
fluorspar production was less than last year. Production increased 
over last year in Canada and Mexico as well as several European 
countries. 

NORTH AMERICA 


Canada.—Newfoundland Fluorspar, Ltd., a wholly owned subsidiary 
of Aluminum Co. of Canada, announced plans to increase fluorspar 
shipments from its St. Lawrence mining operations about 15 percent 
during 1961. In 1960 shipments orate 65,089 tons. All shipments 
went to company operations at Arvida, Quebec. Plans were under- 
way to deepen a shaft to open two more levels down to the 950-foot 
horizon in the No. 2 shaft.’ 


Engineering and Mining Journal. V. 162, No. 8, March 1961, pp. 101-152. 
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St. Lawrence Corp. of Newfoundland, Ltd., anticipated a yearly out- 
put of 20,000 tons of acid-grade fluorspar. The company resumed 
operations in 1960 after a 3-year lapse, following a development and 
rehabilitation program, and mined about 25,000 tons of ore from its 
several properties. Nearly all 1960 shipments, totaling 7,100 tons of 
metallurgical- and acid-grade material, went to plants of affiliates in 
the United States. The company was sinking a shaft on Valley vein, 
a new discovery that appeared to be the best yet located. The new 
vein, over 1,000 feet long, is about 1,000 feet west of, and parallel to, 
the Haypook Pond and Blue Beach vein systems. The company 
planned to deepen the Blue Beach shaft to expose about 150,000 tons 
of ore, and to extend the shaft on the Red Head vein and initiate a 
westward drifting program. Water was encountered in developing 
the Hares Ears vein so work there was temporarily curtailed.* 

Mexico.—An estimated 970,024 short tons of fluorspar containing 
0.45 percent beryllium oxide was found in a major, but unnamed, de- 
posit in northern Mexico, according to Mexico’s National Commission 
of Nuclear Energy. A practical recovery method was to be sought, 
and other fluorspar deposits in Mexico were to be checked, for possible 
contained beryllium. 

SOUTH AMERICA 


Chile.—A commercial fluorspar deposit was found near the Mercedes 
mine about 1 mile southeast of the village of Paihuano in Coquimbo 
Province. The mineral occurs in veins which cut across a granite 
batholith. The veins also contain calcite, galena, and topaz.? 


ASIA 


India.—Fluorspar requirements of the Indian aluminum industry 
were supplied by imports. In 1960, fluorspar imports totaled 4,928 
short tons valued at US$164,220, compared with 1,377 tons valued at 
US$597,030 in 1959. 

Exploration for fluorspar in Rajasthan continued during 1960 with 
encouraging results, At yearend the government of Rajasthan in- 
vited U.S. s to examine and report on the feasibility of commer- 
cially exploiting fluorspar resources. Preliminary reports indicated a 
reserve of about 7 million tons.“ 

Korea, Republic of.— The Ministry of Commerce and Industry re- 
ported that production of fluorspar increased to 30,790 short tons in 
1961, compared with 20,834 tons in 1960. Exports of fluorspar totaled 
31,489 tons valved at US$831,482 in 1960, of which 29,972 tons was 
exported to Japan. 

8 Mining World. International News. V. 23, No. 4, April 1961, p. 4 


4. 
* Engineering and Mining Journal. In Latin America. V. 16, No. 7, July 1961, p. 132. 
20 Bureau of Mines. Mineral Trade Notes. V. 53, No. 5, November 1961, p. 17. 
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TABLE 12.—Imported fuorspar delivered to consumers in the United States, 
by uses 


Sellms prices at tide- 
water, er, or 
f.o.b. mill in the 
United States in- 
cluding duty 


Use 


Hydrofluoric acid..................... 
Glass, ceramic, and enamel 
d E A E 


—— 2 — — — EE EE ECKE 


Source: Bureau of the Oensus. 


TECHNOLOGY 


Minerva Oil Co. described using fluorspar to control vanadium efflo- 
rescence in face brick. "Technical data, methods of proper use, advan- 
tages of fluorspar as a chemical admix, economic aspects, and a brief 
résumé of the research involved in developing successful control of 
efllorescence were reported.” 

Recovery of fluorine as sodium silicofluoride in the wet-process 
phosphoric acid method of manufacturing phosphatic fertilizers was 
described. Sodium silicofluoride was used in manufacturing vitreous 
enamels and opalescent glass, as a coagulant for latex, in insecticides, 
and in fluoridizing water.“ 

A method for determining fluoride concentrations in drinking water 
was developed by chemists at Milton Roy Co., St. Petersburg, Fla. 
The analysis for measuring fluorine was based on fluoride ion reactions 
with the chelate of lanthanum ion and 3-aminomethylalizarin-N,N- 
diacetic acid. Red lanthanum chelate changed to a blue lanthanum 
fluoride complex chelate. The chemists used the analysis in a colorim- 
eter by modifying its reagent system to a single reagent. Connect- 


u Ceramic Age. Fluorepar. V. 77, No. 11, November 1961, p. 16. 

7 Atkin., Sydney, Enrico Pelittl. Allan P. Vila, and John Hegedus. A Method for 
Recovering Fluorine as Sodium S8ilicofluoride. Ind. Eng. Chem. v. 53. No. 9, Septem- 
ber 1961, pp. 705—707. 
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TABLE 14.—World production of fluorspar by countries 


(Short tons) 
Country ! 1961 
North America: 
nn ²· 3 76, 200 
Miss =... 425. 596 
United States (shipments)...... 819, 513 229, 782 205, 083 
Total. SSS rro %% „% lr IT 8 843, 562 a 706, 879 
2 ——[— ——ñ | SS | cases —— 
South America: 
Argentina EE : 317, 600 
Bolivia (exports)..............- » S 8 / PA 
¿e AA . 8 17, 600 
E 
urope: 
VF 107, 104 220, 403 
Germany: 

ESt x 88, 68, 000 72, 000 72, 80, 80, 000 

W OSU EE 137, 048 120, 614 
Italy...... EE 162, 916 166, 214 
INOFWAY EE 506 331 sono. ep ene eas ep ee el eee ee e ena dg d e lee gg ge e e ge lee eege gg gr om gp 
Spaln uade EL D Ld 99, 743 3 155, 000 
Sweden Gale) ge 2, 966 3, 188 8 3, 300 
United Kingdom 4..... 3 86, 694 111, 139 

Total 1 3_.......... is wee 675. 000 865, 000 
2A LE OEE Oe 
Asia: 
TA EE 8 m 165, 000 E 999 
apan......... Ge EE 
Korea: 
North, eieiei (5) 8 55, 000 
Republic of. ud 1, 786 30, 790 
lan td or % „ 0 „ f rl rr rol erro ora Dardos. Der b, 241 
Turkey. ...........-- GE EE 82 |... 88 l 42 
U.S. S. R. . EEN ead 180, 000 230, 000 
Pl! 410, 000 615. 000 
o aaae ——— E———M: RÓÓÓÓÓM—Ó —À 
Africa: 
Morges 800 
Rhodesia and Nyasaland, Fed- 
eration of: 

Southern Rhodesla e. ) 338323] 97| 6|) 10 19 OS ge 
South-West Africa 222222. 28490) 244 4 141 EE E 
nn 8 7 ⅛5%vp0.½ ³˙·wmqʃ A 8 
Union of South Africa.......... 95. 862 

G)ö§‚‚à NSS CORE NA 96, 731 

Oceania: Australia . 328 784] 1,0422 528 8 
World total (estimate) 12 1, 880, 000 | 2, 190, 000 | 2, 300, 000 


t Fluorsper is also produced In Bulgaria, data not available; estimate included in total. 

3 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
worre as figures are included in the detail. 

stimate. 

4 Includes fluorspar recovered from old lead and zinc mine dumps; production is reported as follows; 
1957, 9,267 tons; 1958, 7,467 tons; 1959, 10,064 tons; 1960, 13,552 tons; 1961, data not available. 

$ Data not available; estimate included in total. 

$ U.S.S.R. in Europe included with U.S.S.R. in Asia, as the deposits are predominantly in Asiatic U.B.8.R. 


Compiled by Helen L. Hunt, Division of Foreign Activities. 


ing an alarm to the colorimeter told water plant operators when the 
fluoride ion concentration exceeded a predetermined level, and when 
attached to a recorder, it reported fluoride ion concentration every 
8 minutes. 


13 Chemical & Engineering News. Brief. V. 39, No. 38, Sept. 18, 1961, p. 90. 
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Air Products, Inc., Allentown, Pa., made studies to determine com- 
RE and resistance to corrosion of various metals with liquid 
uorine at — 320° F. Metals tested included various aluminum pude 
stainless and high-strength steels, titanium alloys, copper alloys, nicke 
alloys, and magnesium alloys. It was found that total corrosion of 
titanium alloys was independent of time for periods up to 2 weeks. 
Corrosion of magnesium alloys increased for about 1 day, but longer 
exposures, up to 2 weeks, caused no further corrosion. 
creased corrosion of metals by fluorine-containing water did not 
occur at liquid fluorine temperatures but occurred in the gas phase 
when the system was warmed. Fluorine liquefied in glass cells was 
found to contain solid material. It was suggested that metal con- 
tainers for holding liquid fluorine first be treated with fluorine gas to 
burn off surface contamination that could be dangerous to handlers 
when exposing the containers to liquid fluorine. Metal surfaces 
abraded with wire bristles under liquid fluoride showed no apparent 
increase in corrosion rate.!* 

Barium fluoride doped with assorted rare earths and transition ele- 
ments was found to be useful as a laser material. Single crystals 34 
inch in diameter by 1 inch or more long sold for $400, with chips avail- 
able to laboratories at $15 each. 

Loss of fluorine from slags and enamels is of practical interest in 
many ceramic and metallurgical processes. A study was made of the 
stabilities of sodium fluoride, potassium fluoride, magnesium fluoride, 
calcium fluoride, and zinc fluoride in dry and moist atmospheres at 
elevated temperatures by measuring the loss in weight of 0.25- to 2.0- 
gram samples. The primary reaction was hydrolysis of the salts in 
moist atmospheres; activation energies for the hydrolysis were 


calculated. 
CRYOLITE 


The only commercial cryolite deposit in the world was operated by 
a Danish company, Kryolitselskabet Oresund Ald, at Ivigtut, Green- 
land, through a concession from the Danish Government. Part of the 
mine output was RD to Pennsalt Chemicals Corp., Natrona, Pa., 
where it was upgraded. 

The National Metallurgical Laboratory at Jamshedpur, India, was 
investigating ways to make cryolite from low-grade fluorspar that 
contains a high 5 of silica. Fluorspar of this type is avail- 
able at Rajasthan, in Madhya Pradesh, and Bombay. About 7,500 
tons of cryolite was imported annually into India from Denmark and 
Greenland.!“ 

Synthetic cryolite was manufactured by action of hydrofluoric acid 
(made from fluors vai on aluminum hydroxide in the presence of soda 
by Reynolds Metals Co., at Bauxite, Ark., Aluminum Co. of America, 
at Point Comfort, Tex., and Kaiser Aluminum & Chemical Corp., at 


14 Sterner, C. J., and Alan H. Singleton. The COAT Of Various Metals With 

Liquid Fluorine. Res. Rept., U.8. Government, v. 36, No. 7, 5, 1961, pp. 72, 73 
Chemical Engineering. CPI News Briefs. V. 68, No. 16, Aug. 7, 1961, p. 82. 

son SAN in Design Engineering. What's New in Materials. V. 54, No. 2, August 

nin g Journal (London). v. 287, No. 6575, Aug. 25, 1961, p. 108. 
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TABLE 6—Production of steel and consumption and stocks of fluorspar (domestic 
and foreign) at basic open-hearth and electric-furnace steel plants 


Production of basic open-hearth steel ingots and 
castings at plants consuming fluors 
thousand short tons.. 
Consumption of fluorspar in basic open-hearth 


steel production thousand short tons.. 
Consumption of fluors per short ton of basic 
open-hearth steel made pounds.. 
Btocks of fluorspar at basic open-hearth steel 
plants at end of year...... thousand short tons.. 


Production of electric-furnace steel ingots and 
castings at plants consuming fluors 
thousand short tons... 
Consumption of fluorspar in electric-furnace steel 
production................ thousand short tons.. 
Consumption of fluorspar per short ton of electric- 
furnace steel made pounds.. 
Stocks of fluorspar at electric-furnace steel plants 
at end of year thousand short tons.. 


TABLE 7.—Flourspar (domestic and foreign) consumed in the United States, 


by Btates 
(Short tons) 
Btate 1960 ! 1961 Btate 1960 ! 1961 
Alabama, Georgia, North Caro- Fenin aere, 33, 691 | 30,330 
lina, and South Carolina 12, 927 8,220 || Maryland 5,212 5, 012 
Arkansas, Kansas, Louisiana, Massachusetts 193 
Mississippi, and Oklahoma....| 81,322 | 89,859 || Michigan 29,762 | 27,933 
Callornla. EE 14,086 | 43,030 || Missouri........................ 3, 3, 190 
Colorado and Utah.............. 19,859 | 19,502 || New Lork. 16,152 | 15,206 
Connecticut 1, 517 r EE 66, 49, 516 
Delaware and New Jersey....... 101,117 | 122, 198 || Oregon and Washington......... 753 1, 045 
Florida, Rhode Island, and Pennsylvania. .................- 03,232 | 601,767 
eiii! 821 1,094 || Tennessee....................... 504 1, 167 
A eS e esEOD REV 95,527 | 83,721 || Tea. 31, 561 358 
. le€vavcówWeE 24,181 | 19,143 || West VIrginla 37,275 | 47,014 
lowa, Minnesota, South Dakota, 
and Wisconsin 4, 329 3, 388 Poel! 643, 759 | 681, 883 


1 Consumption partly estimated from sample canvass of consumers who accounted for more than 95 per- 
cent of total usuge in 1959. 


STOCKS 


Producers reported that fluorspar stocks at mines, mills, and ship- 
ping points, on December 31, 1961, totaled 230,916 short tons, of which 
Aes was crude mine-run fluorspar and 21,001 was finished 

uorspar. 

Cor indicated that fluorspar stocks held at yearend totaled 
183,198 tons, down 15 percent from 1960. Fluorspar stocks on hand 
at steel plants approximated a 614-month supply based upon the De- 
cember rate of consumption. 

Stocks of fluorspar held in Government stockpiles totaled 655,000 
short tons. 
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TABLE 8.—Fluorspar in Government inventories, as of Dec. 31, 1961 


National C.C.C. and 

Objective | (strategic) | D. P. A. supple- 

stockpile | inventory mental 

stocks 
Acid grade .d 280, 000 458, 000 20, 000 622, 000 
Metallurgical grade, Ca Fa. 375, 000 369, 000 |............ 43, 000 


TABLE 9.—Stocks of fluorspar at mines or shipping points in the United States, by 


Btates, Dec. 31 
(Short tons) 
1960 1961 
State AAA AAA A 
Crude ! Finished Crude ! Finished 

AA PD 8 114, 470 8, 972 197, 518 13, 271 
FFF A ͤ y ES 3. 654 3. 819 (3) 3, 819 
California, Colorado, Nevada, Montana, and Utah 19, 599 3, 222 12, 397 3, 911 
M ¹˙ Z 137, 723 16, 013 209, 915 21,001 


be zs UP (run-of-mine) fluorspar usually is subjected to some type of processing before it can 
marketed. 
3 Figure withheld to avoid disclosing individual company confidential data. 
oniy, 


3 Crude on] 
PRICES 


E&MJ Metal and Mineral Markets reported prices of fluorspar as 
follows: Domestic acid-grade concentrates, 97 percent calcium fluo- 
ride (Ca F.), ei basis, per short ton, bulk carlots, f.o.b. Illinois, $45 
January through May, and $45 to $50 June through December; ceram- 
ic-grade concentrates, 95 percent Ca F., bulk, carlots, f.o.b. Illinois, 
$45 to $48; in 100 pound paper bags $3 extra; European acid-grade, 
duty paid, c.i.f. port of entry, 0.3 percent maximum moisture, con- 
tracts, bags $50, spot, $1 more, large discount for high moisture; and 
European metallurgical- e fluorspar, 7214 percent effective Ca F,, 
units, spot, $31 to $33, and contracts, $30 to $33. 


FOREIGN TRADE ° 


Imports.—Fluorspar imports for consumption totaled 506,000 short 
tons valued at $13.6 million, à decrease of 5 percent from 1960. Mex- 
ico, the principal foreign source, supplied 68 percent of the 1961 
imports; Spain supplied 17 percent; and Italy 12 percent. Remain- 
ing imports came from West Germany and Canada. The decrease 
in total imports resulted from a 25-percent drop in imports of metal- 
. material. Acid- grade fluorspar imports were up 7 
perceit rom 1960. The U.S. Government imported 74,700 tons duty 

from Spain, West Germany, and Mexico, compared with 83,000 
tons in 1960. 

Exports.—A total of 338 short tons of fluorspar valued at $30,419 

was exported, compared with 458 tons valued at $38,250 in 1960. 


* Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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STOCKS 


Vrodueerm reported that fluorspur stocks at mines, mills, and ship- 
[lige ponte, on December 31, 1001, totaled 230,916 short tons, of which 
MONE was. crude mine run fluorspar and 21,001 was finished 
Ba oput, 

( 9 n E lnclicntod Chiat fluorspar stocks held at yearend totaled 
PA b Cond, down £6 percent from 1960, Fluorspar stocks on hand 
Wi atol plants approximated a % -month supply based upon the De- 
vombat ato af eonntimiption, 

(In lor ef Uae gaa held in Government stockpiles totaled 655,000 


nhat Gus, 
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TABLE 8.—Fluorspar in Government inventories, as of Dec. 31, 1961 


National C.C.C. and 

Objective | (strategic) | D.P.A. supple- 

stockpile | inventory mental 

stocks 
Acid grade Ca F 280, 000 458, 000 20, 000 622, 000 
Metallurgical grade, Ca F 375, 000 369, 000 — 43, 000 


TABLE 9.— Stocks of fluorspar at mines or shipping points in the United States, by 


States, Dec. 31 
(Short tons) 
1960 1961 
State J! 8 
Crude ! Finished Crude Finished 

ee ß . s Iu 114. 470 8, 972 197. 518 13. 271 
Fl RA e ELS 3, 654 3, 819 (2) 3,819 
California, Colorado, Nevada,! Montana, and Utah. 19, 599 3, 222 12, 397 3, 911 
A (nh EE 137, 723 16, 013 209, 915 21, 001 


— ie) mude (run-of-mine) fluorspar usually is subjected to some type of processing before it can 
marketed. 
3 Figure withheld to avoid disclosing individual company confidential data. 


3 Crude only. 


PRICES 


E&MJ Metal and Mineral Markets reported prices of fluorspar as 
follows: Domestic acid-grade concentrates, 97 percent calcium fluo- 
ride (Ca F:), e? basis, per short ton, bulk carlots, f.o.b. Illinois, $45 
January through May, and $45 to $50 June through December; ceram- 
ic-grade concentrates, 95 percent Ca Fa, bulk, carlots, f.o.b. Illinois, 
$45 to $48; in 100 pound paper bags $3 extra; European acid-grade, 
duty paid, c.i.f. port of entry, 0.3 percent maximum moisture, con- 
tracts, bags $50, spot, $1 more, large discount for high moisture; and 
European meta 55 fluorspar, 7214 percent effective Ca F,, 
units, spot, $31 to $33, and contracts, $30 to $33. 


FOREIGN TRADE * 


Imports. —Fluorspar imports for consumption totaled 506,000 short 
tons valued at $13.6 million, a decrease of 5 percent from 1960. Mex- 
ico, the principal foreign source, supplied 68 percent of the 1961 
imports; Spain supplied 17 percent; and Italy 12 percent. Remain- 
ing imports came from West Germany and Canada. The decrease 
in total imports resulted from a 25-percent drop in imports of metal- 
lurgical-grade material. Acid-grade fluorspar imports were up 7 
pr rom 1960. The U.S. Government imported 74,700 tons duty 

from Spain, West Germany, and Mexico, compared with 83,000 
tons in 1960. 

Exports.—A total of 338 short tons of fluorspar valued at $30,419 
was exported, compared with 458 tons valued at $38,250 in 1960. 

* Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 


sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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Chalmette, La. United Chemetries, Inc., formerly United Hecka- 
thorn Co., closed its synthetic cryolite plant at Garfield, Utah. Cry- 
olite was made at the latter plant with fluorine recovered during 
fertilizer processing by Western Phosphates, Inc.“ The aluminum 
companies recovere eee from scrapped pot linings of aluminum 
electrolytic reduction cells. 


TABLE 16.—U.8. imports for consumption of cryolite 


Year and country 
1961 
North America: Greenland !. 


$425, 475 


1060 CFF! 364 59, 409 
F 708, 056 


33 4? 768, 365 
tae = ———— 
EE š ———— 4 13,814 | 1, 193,840 


Europe 


ee Qro nr rr „% 2 — 2 K 


Crude natural cryolite. 
Source: Bureau of the Census. 


Prices quoted throughout the year in Oil, Paint & Drug Reporter 
were as follows: Cryolite, natural, industrial, 100-pound bags, works, 
carlots, $13; a ound bags, less than carlots, $14.25. These listings, 
representing the lowest prices, were firsthand quotations prevailin 
on large lots, f.o.b. New York, and did not represent bid and ask 
prices or a range over the week. 

Data on cryolite imports shown in table 16 do not distinguish be- 
tween natural and manufactured material. Most of the imports from 
countries other than Denmark and Greenland are believed to have 
been manufactured cryolite. 

A of cryolite in 1961 totaled 167 short tons valued at $40,890. 
Canada received 139 tons valued at $33,403, and Mexico received 10 
tons valued at $2,604. The United Kingdom, India, Australia, and 
the Union of South Africa received the remainder. 

A patent was issued for separating cryolite and fluorite by flotation. 
The process uses sodium fluoride and a collector to form a froth rich 
in fluorite and an underflow rich in cryolite and then separates the 
froth from the underflow. 


eins World. What's Going on in Mining—Utah. V. 23, No. 18, December 1961, 


* 18 Goldenhar, Leonard E., Isndor Mockrin, and Francis M. Doorely, Jr. (assigned to Penn- 
salt Chemicals Corp.). Flotation Separation of Cryolite and Fluorite. U.S. Pat. 
2,965,231, Dee, 20, 1960. 
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A full color portrait and data on the crystallography, chemical, 
physical, and SE properties, tests and diagnosis, and occurrence 
and uses of cryolite were published.!? 

Allied Chemical International issued a 12-page illustrated brochure 
on fluorine, The brochure traced the 880 In applications of ele- 
mental fluorine and described newly developed handling techniques.”° 


1 Mining and Quarry Engineering (London). V. 27, No. 3, March 1961, pp. 110-111. 
39 Chemistry and Industry (London). No. 39, Sept. 16, 1961, p. 1497. 


Gem Stones 


By John W. Hartwell: and Betty Ann Brett 


A 


EM materials and mineral specimens produced in the United 
G States during 1961 were estimated at $1,309,000—a $121,000 
increase over 1960. 

BOUE to the U.S. Department of Commerce, there were 326 
lapidary plants in 25 States in 1958.2 New York, N.Y., had the 
greatest number with 205, followed by Providence County, R.I., 37; 
and Los Angeles, Calif., 11. The average number of employees in 
each plant was 6. Four of the larger plants, located in the counties 
of Westchester, N.Y., Middlesex, N.J., Rolette, N. Dak., and Tarrant, 
Tex., employed 100 to 249 workers each. Also listed were 249 

lants in 15 States manufacturing “jewelry findings and materials.” 

ost plants were in Rhode Island, with 144, followed by New York, 
41, Massachusetts, 23, and New Jersey, 20. One plant in Massachusetts 
employed more than 500 workers. The average plant employed 20 
workers. 

The Internal Revenue Service amended its regulations coverin 
the Federal retail excise tax on jewelry. The new regulations adde 
to, amended, or superseded sections of Regulation 51 as amended and 
printed in 1956. The following stones, whether real or synthetic, cut, 
polished, rough, or in their natural state, were taxable when sold at 
retail: Ámber, beryl (aquamarine, emerald, golden beryl, heliodor, 
and morganite), chrysoberyl (alexandrite, cat's eye, and ue 
corundum (ruby and sapphire), diamond, feldspar (moonstone 

rnet, bc (jade), jet, lapis lazuli, nephrite (jade), opal, pearl 

natural and cultured), peridot, quartz (amethyst, bloodstone, citrine, 
moss agate, onyx, sardonyx, and tiger’s eye), spinel, topaz, tourmaline, 
turquoise, and zircon. In addition to these stones, the tax applied to 
all articles commonly or commercially known as jewelry, regardless 
of the substance of which they were made. In determining the retail 
price for tax purposes, any charge for the coverings or containers in 
which the stones or jewelry were delivered to the customer were to 


be included.* 
DOMESTIC PRODUCTION 


Production data were collected by the Bureau of Mines by can- 
vassing amateur and professional producers of gem stones, but it was 
not possible to contact all operators. Therefore, information is based 
on only a partial survey. 


1 Commodity specialist, Division of Minerals. 
3 Statistical clerk, Division of Minerals. 
doar alii of Commerce. 1958 Census of Manufacturers: Lapidary Work. 
. p. 72. 
d Burnstine, Bernard N. A Jeweler's Guide, Jewelers’ Cire.- Keystone, v. 181, No. 7, 
April 1961, pp. 86—89, 102, 104. 
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Gem material and mineral-specimen production was reported from 
45 States, 1 more than in 1960. California, dere and Texas were 
the leading States. Eleven States—California, ngon, Texas, Ari- 
zona, Nevada, Wyoming, Washington, Utah, New Mexico, Colorado, 
and Montana—produced 85 percent of the total value. 

An amethyst mine in 5 County, N. C., began 
operating in 1961. Two weeks after mining started, three bushels 
of amethysts in clusters and single crystals were recovered." 


TABLE 1.—Estimated value of gem stone production in the United States 


(Thousand dollars) 
State | 1960 | 1961 State 1960 1961 
Arizona.. $120 $119 || North Carolina. $4 $6 
15, 1 SE, 38 19 || North Dakota.. ..............| 1 1 
RIE NC UM, 150 200 o ` See TENIS 3 4 
A Leit E le gle SE 45 36 Pennsylvania... 1 5 
2222 eee es 9 II RE e? SO 1 
Delaware..... e bad 1 South DANI. rama 20 18 
Hawall...... (1) 18 || Tennessee od SA 1 1 
Maine.. IBER 15 cd dus so BATON EA? 100 150 
Tu, RAE IR ASA 2 3 „„ 72 73 
Massachusetts... 1 2 C 1 2 
Nebraska 4 5 W — weak 5 6 
o9 Py Xr P npe Pr 100 100 West Virginía...... rg pn 1 1 
New Hampshire 15 (1) LA. o ol ZE AN e SEGUE 68 83 
New Jersey.......... 7 ü Other 8 355 361 
re 40 46 — — 
. e e d 10 VT KEE EECH | 1, 188 | 1, 309 
1 Included with “Other States.“ 


1 Includes Alaska, Idaho, Illinois, Indiana (1961), Michigan, Minnesota (1960), Missouri (1961), Montana, 
Oklahoma, Oregon, and Washington with a value of $1,000 ar more and those States indicated by footnote 1. 


A pink Appro weighing 14 ounces, estimated to contain 2,000 
carats of cuttable material, was found in the Cowee Valley gem field, 
Macon County, N.C. A 24-ounce ruby weighing 3,400 carats also 
was found. The ruby contained many flaws, but from the unflawed 
material within the stone 800 to 1,200 carats may be cut.* 

New synthetic emeralds were available to U.S. jewelers as a result 
of a contract between Linde Co. and a Brazilian gem stone dealer, a 
worldwide distributor of Austrian-manufactured synthetic emeralds. 
The new synthetics were to retail for $62 to $75 per 1-carat stone, 
compared with the Chatham-created emeralds priced at $50 to $280 
for the same size.’ 

Agate.—Nearly 180 tons of agate valued at $130,000 was reported 
produced in 23 States in 1961. Estimates were that an additional 200 
tons valued at $150,000 was produced in States from which no reports 
were received. Principal States in decreasing order of production, 
were Oregon, South Dakota, New Mexico, Arizona, Washington, 
Utah, California, and Montana. 

Moss agate production was valued at $6,000; turritella, $8,000; and 
fire agate, $4,000. Plume agate was not reported produced. 


8 Rocks and Minerals. Amethyst Mine Opens in North Carolina. V. 30, Nos. 9, 10, 
Beptember-October veg A 458. 
The Evening Star, Washington, D.C. Carolina Gem-Hunter Finds 2 Giant Stones. 
No. 205, July 24, py hee 24. 
7 Jewelers’ Circular-Keystone. The New Synthetic Emeralds. V. 181, No. 12, August 
1941, pp. 156, 158, 160, 161. 
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Diamond.— Production of diamond at “Crater of Diamonds” near 
Murfreesboro, Ark., was 121 carats valued at $7,260. Kimberlite was 
still being sold, but production and value were not reported. The two 
largest diamonds found during 1961 weighed 3.42 and 3.27 carats. 

A washing and concentrating plant, capable of processing 100 cubic 
yards of diamond-bearing kimberlite per day, was in operation during 
1961 at the Arkansas Diamond Mine near Murfreesboro, Ark. A 
total of 9 carats valued at $320 was reported recovered during the year. 

Jade.—Jade production from Alaska, California, Nevada, and Wyo- 
ming was 24,000 pounds valued at $73,000. Wyoming was the lead- 
ing State with 9,000 pounds valued at $42,000. Jade was reported 
discovered in the Lake Huron region, Mich. No other information 
on en new source ës given. i 7 ax " 

utcroppings of green, yellow, blue, gray, and brown jade were 
discovered southwest of Twenty Nine Palms, Calif. 

Obsidian. — Obsidian production, totaling 90,000 pounds valued at 
$25,000, was reported from six States. Ütah was the leading State 
with 42,000 pounce valued at $13,000. Some of the obsidian varieties 
collected included rainbow, golden sheen, snowflake, black, and white. 

Petrified Wood.—About 80 tons of petrified wood valued at $69,000 
was produced in 12 States. South Dakota led with nearly 26 tons, 
followed by Arizona, Wyoming, Utah, Nebraska, and N SE Petri- 
fied palm wood production was 5,300 pounds valued at nearly $4,000, 
and petrified bone produced was 11,000 pounds valued at $6,600. 

Quartz Crystal—Reports indicated that about 35 tons of E 
crystal and miscellaneous quartz specimens, except smoky and rose, 
was produced, valued at $20,000. Arkansas was the leading pro- 
ducing State with 26 tons valued at $8,000. 

Smoky and rose quartz production was 10,000 pounds valued at 


000. 

Tourmaline.— Production of tourmaline from Maine was reported 
to be over 4,000 carats valued at $500, and 10, 000 pounds of tourmaline 
specimens valued at more than $1,000 were produced. Most of the 
material came from the Harvard Mine near Greenwood, Maine, and 
from areas around Newry. Specimens of apatite, cookeite with 
quartz, and lepidolite also were obtained from the Harvard Mine. 

uoise.— Five States reported production of 5,300 pounds of 
turquoise valued at $40,000. Arizona produced 2,900 pounds valued 
at $12,000; Nevada, 1,800 pounds, at $20,000 ; and Colorado 100 pounds, 
e $5,000. Minor values were reported from California and New 
exico. 

The Blue Star mine, north of Carlin, Nev., a producer of turquoise 
for 25 years with an output of about $400,000, was being developed 
into a gold-producing property during 1961. 

Miscellaneous Gem Material.--Mineral specimens produced in the 
United States were estimated at 350,000 pounds valued at $200,000. 
Principal producing States were Texas, South Dakota, California, 
Colorado, and New Mexico. 

Rough garnet production was 1,700 pounds valued at $2,100, princi- 
pally from California. Sales of 458 carats of cut and polished stones 
e at $916 were reported from a garnet mine at North Creek, 
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A few pounds of gem opal valued at $3,000 were reported produced 
from the Rainbow Ridge and Bonanza opal mines in Virgin Valley, 
Nev. Another producer from a locality south of Yerington, Nev., 
reported production of 1,500 pounds. 

Output of 100 pieces of jet valued at $200 was reported from New 
Mexico for the first time in many years. 

Production of black coral, obtained by divers off the islands of 
Kauai, Lanai, Maui, and between Maui and Molokini Islands in 
Hawaii, was about 3,200 pounds valued at $18,000. Due to the depths 
to which divers were required to go to recover the coral, prices were 
expected to increase from $5 to $8 per pound in 1961 to $12 in 1962. 

he quantity and value of some other gem stones and mineral spec- 
imens produced were: Amethyst, 1,000 pounds, $1,000; beryl spec- 
imens, 1,000 pounds, $6,000; copper minerals, 10,000 pounds, $12,000; 
feldspar gems, 15,000 pounds, $3,000; fluorite, 2,000 pounds, $1,500; 
fossils, 5,000 pounds, $3,000; geodes, 25,000 pounds, $15,000; gold 
nuggets, 2 pounds, $1,000; idocrase, 3,000 pounds, $2,500; jasper, 75,000 
pounds, $25,000; lepidolite, 2,000 pounds, $1,000; marcasite, 2,000 
pounds, $1,500; onyx, 50,000 pounds, $10,000; ornamental stone, 50,000 
pounds, $8,000; peridot, 10,000 pounds, $15,000; rhodonite, 30,000 
ounds, $10,000; rhyolite, 5,000 pounds, $1,500; topaz, 1,000 pounds, 
32,000; and verd-antique, 15,000 pounds, $1,500. 


CONSUMPTION 


Diamond consumption, $193 million was 16 percent greater than 
in 1960; sales of synthetic and imitation gem stones, $5.3 million were 
12 percent lower; and sales of natural and cultured pearls, $17 mil- 
lion were 16 percent higher. 

Apparant consumption (production plus imports minus exports 
and reexports) of gem stones in the United tates was over $181 
million, compared with $164 million in 1960. 


PRICES 


Prices quoted during October 1961 for cut and polished gem dia- 
monds were: 14 carat, $70 to $295; 14 carat, $170 to $540; 1 carat, 
$400 to $1,680; and 2 carats, $1,090 to $4,000. The range in price of 
each size depended upon quality (cut, clarity, and color). 

The price of medium-grade, rough, green opal from Australia in- 
creased from US$45 per ounce in 1959 to US$90 in 1960, and to 
US$135 in 1961. Best-grade, rough, black opal was selling at US$448 
or more per ounce in mid-1961. 

A report on the diamond industry was published. This publication 
contained information on diamond marketing and world prices of gem 
and industrial diamonds during 1960. 


*Hwitzer, George. Thirty-Sixth Annual Report on the Diamond Industry—1960 
Jewelers’ Circ.- Keystone, 10601, 53 pp. 
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FOREIGN TRADE * 


Imports.—Gem stone imports increased 16 percent in value over 1960. 
Gem diamonds accounted for 87 percent of the total imports and 
increased 947,000 carats in quantity and $28 million in value over 1960, 

Diamonds, cut but unset, were principally imported from Israel 
and Belgium-Luxembourg, with 51 percent from the latter. The 
average values per carat of diamond imports from the principal ex- 
porting countries were Belgium-Luxembourg, $98.02; France, $96.24; 
Israel, $78.97; Netherlands, $112.46; Union of South Africa, $179.18; 
United Kingdom, $129.82; and West Germany, $66.73. Average value 
of all imports of these cut but unset diamonds was $93.67. 

Imports of emeralds, cut but not set, increased 146,000 carats over 
1960; 89 percent came from India. The average values per carat of 
emerald imports from the principal exporting countries were Brazil, 
$23.12; Ceylon, $48.53; Colombia, $78.35; France, $30.29; Hong none: 
$86.34; India, $5.36; Italy, $84.78; Pakistan, $87; Switzerland, 
$138.13; Union of South Africa, $114.64; United Kingdom, $16.91; 
and West Germany, $37.47. 

The value of imported cultured pearls increased about $2.5 million 
over 1960, but the value of natural pearls decreased $129,000. 

Rubies and sapphires, cut but not set, valued at $675,000 were 
imported from 13 countries. Imports from Colombia, the principal 
source, were valued at $506,000. 


TABLE 2.—U.8. imports for consumption of precious and semiprecious stones, 
exclusive of industrial diamonds 


Diamonds: 


Rough or uncut, suitable for cutting into gem stones, 
duty ren y k ER $114, 670 
Cut, but unset, suitable for Jewelry, dutiable....... 78, 605 
Emeralds: Cut but not set, dutiable................... 2, 090 
Pearls ane parts, not strung or set, dutiable: 
III yo ue teres bate sauteed A 
Cultured or cultivated. _.....-..2.-2.2222-2 222 ͤ4ꝶ%öꝛ 16, 425 
Other precious and semiprecious stones: 
Rough or uncut, duty free 620 1, 169 
Cut but not set, dutiable....... eee 4 3, 899 
Imitation, except opaque, dutlable: 
Not cut or Iäceted. . ] eee 54 
Cut or faceted 
Ff ³˙·¹—m⁊²m7ꝛ˙d A GE 346 
AI WEE 4, 907 
Imitation, opaque, including imitation pearls, duti- T 
0 t ³o²Oꝛ m ⅛ ⁊ð2s — 
Marcasites: Real and imitation, dutlable—— 86 
„ e 222, 715 
1 Revised figure. 


Source: Bureau of the Census. 


? Figures on imports and exports Gë pv by Mae B. Price and Elsie D. Jackson, 
Division of Foreign Activities, Bureau of Mines, from records of the U.S. Department 
of Commerce, Bureau of the Census. 
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TABLE 3.—U.8. imports for consumption of diamonds (exclusive of industrial 
diamonds), by countries 


1960 196] 
Rough or uncut | Cut but unset Rough or uncut Cut but unset 
Country 
Value Value Value 
Carats (t hou- Carats (thou - Carats | (thou 
sands) sands) sands) 
North America: 
Canada. 13,751 | $1,004 7,772 $833 79 $10 
ASS AA A ere eeng 257 3 160 14 
PAUSING AAA V EE A Wer 888 m 28 3 
Total... liinc 18,751 | 1,004 8, 029 836 202 27 
2 === AS 
South America: 
BUI!!! ⁵ĩ 28. 811 907 42, 962 750 706 96 
British Gulana......... 22, 102 743 26, 150 686 93 8 
Venezuela. 41,20 | 1,161 |..........|.......- 111, 700 TT A 
Totsl 90, 133 | 2,811 180. 812 4. 596 799 44 
—— KH EECH 
Europe: 
AUS A A lllll!HH!H!„˖ 8 
Belgium-Luxembourg..| 207,225 | 14, 354 210,419 | 15,391 | 423,054 | 41,957 
Franc 45,965 | 1,803 47, 857 , 522 10, 578 1, 018 
Germany, West........ 13 896 62, D wier 
Netherlands 22,512 | 1,432 50, 563 2, 360 28, 756 3, 234 
Switzerland 2, 501 138 6. 526 349 205 
)( A A dd A A 1,023 85 
United Kingdom....... 829. 523 |! 59. 555 1,004 |1, 561,423 | 81,702 5, 238 680 
Total 1, 108, 279 |! 77,295 | 550,244 | 54,545 1. 877. 684 | 101,272 | 526,693 | 50,718 
Asia: 
Hong Rong 4 4 32 % V 1 
e r DEE 9 3 
AAN ͤ / AA EE / ĩðͤ OE 56 4 
FFC AT 54. 891 1,801 | 213,013 50, 744 1,938 | 278,229 | 21,971 
/ AI A 6, 398 244 26 942 91 
Ge Colony 0f. 1 AAA ů ww ede 38 11 
O ͥ AE AS A AA 8 83 1 
o MAA 54,894 | 1,801 | 219. 497 50, 988 1,964 | 279,358 | 22,081 
2L Oe ee. == 
Africa: 
Congo, Republic of 

the, and Ruanda- 

Urundi 3. ............. 2) | A GENEE 10, 860 228 10 1 
Western Africa, n. e. c.“. 3. 7, 180 250 EE A , 243 2.097 EE A 
Western Equatorial 

Africa, n. e. c. 3. 494 TCC EE 3, 863 Bl eee Seen, é 
had eee eee 7, 104 Jö ⁵ ↄ ] ⁵ð ᷣ d DE tec E 
LIbe rs 23. 567 tA E GEN, 8 8.1138 „ 
Union of South Africa.. 56,185 | 3,198 30, 955 64, 331 3, 346 31,951 5, 725 

TOA goose ate ewes 97,552 | 4, 489 30,955 | 5,843 | 157,410 6, 002 31,961 5, 726 

Oceania: Australia 920 118 83 Dose EN es ite 7? 9 
SSS ET KEE p p p rr... 
Grand total 1. 365, 529 187, 518 801,945 78, 037 2. 274, 923 | 114,670 | 839,150 | 78,005 


1 Revised figure. 
2 Less than $1,000. 


3 Etfeetive July 1960; formerly Belgian Congo. 


Effective July 1960; formerly French West Africa and Republic of Togo. 


8 N e.c.—not elsewhere classified, 


* Etlective July 1900, formerly French Equatorial Africa. 


Source: Bureau of the Census, 


Exports.—Exports of gem stones, precious and semiprecious, were 


$14.8 million, compared with $7.6 million in 1960. 


but unset, accounted for 76 percent of the total. 
The value of gem stones exported, except diamonds, was over $2 
million, of which 50 percent went to Switzerland and West Germany. 


Diamonds, cut 
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Reexports of gem stones, precious and semiprecious, were $28 mil- 
lion, E with $21.7 million in 1960. Diamonds, rough, uncut, 
and suitable for cutting into gem stones, accounted for 80 percent of 


the total. 
WORLD REVIEW 


Gem and industrial diamond sales through the Central Selling 
Organization (London) were a record $268 million. No breakdown 
between gem and industria] sales was given. The previous sales 
record was $255.2 million, set in 1959. 


TABLE 4.—World production of diamonds, by countries 
(Thousand carats) 


Africa: 
A d e E 
Central African Republic. 


ep © e „ „% SEC „ „ OOGE SOC 0 OPE e OO da CEE „% g 41 dr dr ep eng 


Fangen nr 
Union of South Africa: 


Other pipe“ mines 2. 
Alluvial mines 24. 
Other regions: 


KC TE 
Indie, Borneo, Australia, U.S.8.R., and Others 1... 


World tot cies cated 1 6, 700 


1 Revised figure. 

3 Estimate. 

8 Exports only. 

$ Including State-owned mines. 


NORTH AMERICA 


Canada.—The possibility of finding diamond in Canada was reported 
to be good because of the similarity between the diamond-bearing 
rocks in Siberia and those of northern Canada.” 


SOUTH AMERICA 


Brazil.— A deposit of tourmaline was discovered in pegmatites at 
Serra da Cacunda, Minas Gerais. Three other tourmaline mines 
wero 7 with the Government, one each in the States of 
Minas Gerais, Ceara, and Sao Paulo." The quantity produced was 


unknown, 


3 Jewelers’ GE Diamond Finds in Canada Likely. V. 131, No. 7, 


April 1961, p. 134. 
p Mining ournal (London). Mining News from Brazil. V. 257, No. 6593, Dec. 29, 1961. 
p. . 
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Reactivation of an old diamond mine, the Boa Vista, in the State 
of Minas Gerais, was planned by a group of investors from the United 
States. The new company’s name was Diamonds of Brazil, Inc.” 

Exports of semiprecious stones in 1960 were 533 tons valued at 
US$481,321, compared with 317 tons valued at US$27,173 in 1959. 
These figures were compiled from export licenses issued by the Bra- 
zilian Department of Mineral Production.“ 

British Guiana. Diamond production was 112,679 carats in 1961, of 
which 67,600 was gem material. This was an increase of about 12,000 
carats over 1960. A new diamond deposit was discovered during 
1961 at Kurupung. 

Chile.—Exports of lapis lazuli in 1961 were 1.8 short tons valued at 
US$6,400, compared with 4.4 tons valued at US$2,840 in 1960. In 
both years West Germany was the leading customer.“ 

Colombia.—A new company, Empresa de Esmeraldas, was formed 
by the Banco de la Republica to take over and work the existing emer- 
ald mines. Reports were received that new deposits of emerald were 
found in the western Department (State) of Boyaca.!5 

Venezuela.—Diamond production in 1961 was 134,000 carats, of 
which 60,500 carats was gem quality. Exports of 54,000 carats were 
to Bermuda and the United States. The discovery of several large 
deposits in the Caroni River bed resulted in increased production of 
all types of diamonds during the year.“ 


EUROPE 


U.S.S.R.—A fter the discovery of the first kimberlite pipe in Yakutia 
in 1954, about 200 pipes and diles were reported found. Only seven 
or eight had a diamond content high enough for economic exploitation. 
Two of these were in southern Yakutia; the rest were in the north or 
near the Arctic Circle. 

1t was estimated that 900,000 carats was produced in Yakutia and 
about 50,000 carats in the Ural Mountain region in 1960. Of the 
total p about 5.5 percent was gem diamond. Gem diamonds 
were being cut and polished in Leningrad and Sverdlovsk.’ 


ASIA 


Bahrain.—Expectations were that the 1961 pearl harvest from the 
Persian Gulf would exceed the 1960 production of US$210,000. The 
pearling fleet consisted of 11 boats with 450 divers, compared with 
over 1,800 boats used 30 years ago. Most of the pearls were polished 
and drilled in India before being made into jewelry.“ 


18 Jewelers’ Clreular-Keystone. American Investors Seek Diamonds in Brazil Mine. 
V. 131. No. 9, June Doer pn. 95-90. 

13 Mining Journal. otes on the Mineral Potential of Brazil. V. 256, No. 6560. 
May 12, 1961, p. 535. 

M U.S. Embassy, Santiago, Chile. State Department Dispatch 645. Apr. 17, 1982, p. 31. 

15 Mining Journal (London). Mining Miscellany. V. 257, No. 6580, Sept. 29, 1961, 


p. 317. 

16 Bureau of Mines. Mineral Trade Notes. V. 54, No. 5, May 1962, P 10. 

17 Kowalewski, Jan. Mineral Resources Development in U.S.S.R.—II. Min. J., v. 257, 
No. 6571, July 28, e A 8 

18 Foreign Commerce Weekly. Forecast for Bahrain Pearl Harvest Appears Optimistic. 
V. 67, No. 2, Jan. 8, 1962, p. 60. 
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Hong Kong.—The Colonial Government with the help of Japanese 
consultants was reviving its pearl industry. Although it was still 
in the experimental stage, the developers hoped to produce cultured 
pearls within a few years.!* 

India.—The National Mineral 55 Corp., owned by the 
Government of India, proved a diamond deposit in the Panna region 
and planned production of 40,000 to 50,000 carats by 1963. It was 
estimated that 65 percent of total production would be gem diamonds.“ 

Emerald deposits in the Udaipur region at Gamgudha, Kalouman, 
and Tikhi had yielded High grade gems in past years, and the possi- 
bilities of again producing in these areas were being explored.” 

Israel.—A new diamond center, sponsored by the Government-con- 
trolled Diamond Development Corp. and the Jerusalem Economic 
Corp., was opened in Jerusalem in November 1960. The Israel dia- 
mond industry in 1961 employed about 8,000 people, with an expansion 
of an additional 4,000 people expected in the near future. 

In 1960, Israel imported nearly 1.5 million carats of rough diamonds 
valued at US$51 million and exported about 618,000 carats valued at 
8 70 50 million, of which US$18 million were sent to the United 

tates.?? 

The value of exports of polished gem diamonds increased 425 per- 
cent in the 10-year period, 1951-60. Total carats exported increased 
365 percent in the same period. The United States was the largest 
customer for the cut stones.?* 

The finding of malachite in the King Solomon mine was reported. 
Some of the copper ores found in the mine contained blebs of minerals 
with & coloring of turquoise, beige, blue, and black with specks of 
white, and they were used for decorative purposes. Some of the softer 
nuggets were broken up and cemented together in a mosaic pattern for 

ewelry. 
The entire E stone industry was controlled by the Government, 
and those wishing to purchase malachite or other gem materials for 


jewelry were required to obtain a license from the Ministry of Develop- 


ment.?* 
AFRICA 


British East Africa.—Tanganyika's production of diamond in 1961 
was valued at US$17 million. Crude ruby and ruby-bearing corun- 
dum were sold for US$41,000. 

Federal Ventures, Ltd., Tanganyika, finished preliminary examina- 
tion of the ruby and sapphire occurrence in the Umba River area, 
Lushoto district in 1960. A processing plant was planned, and 
production was expected to start in 1962. 

Specimens of semiprecious stones found by prospectors during 1961 
oe quartz, garnet, zircon, sphene, beryl, chrysoberyl, and 
tourmaline. 


19 Foreign Trade (Ottawa). Commodity Notes. V. 116, No. 7, Sept. 28, 1961, p. 14. 
20 Engineering and Mining Journal. In India. V. 162, No. 10, October 1961, p. 182. 
10 Journal (London). Udaipur’s Mineral Wealth. V. 257, No. 2572, Aug. 4, 1961, 
D. 


33 Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, pp. 19-21. 

3 Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, pp. 19-21. 

* Gold, Gertrude. King Solomon's Mine Produces Riches Again. Jewelers’ Circ.— 
Keystone, v. 181, No. 10, July 1961, pp. 48, 50. 
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Tanganyika Crystals, Ltd., at Anusha, was reported to be producing 
high-quality cut stones, especially amethysts. 

Overseas companies were investigating opportunities for invest- 
ments in the local precious and semiprecious gem stone industry.“ 

British West Africa.—During 1961 a report from Kenya indicated 
that 1,000 carats of sapphire valued at US$846 was produced. 

Cameroun, Republio of.— Three diamonds, the largest of which was 1.7 
carats, were discovered in the Méré and Vina 1 during 1960. 
Extensive prospecting during 1961 was proposed by the Government 
of Cameroun.“ 

Ivory Coast. — Ivory Coast Diamond Company, State-owned, was to 
be formed to mine diamond in the Ivory Coast and to help stop eng 
mining. Exports of gem diamond for the first 11 months of 1961 
were valued at US$2 million.?* 

Malagasy Republic.—One of the tee characteristics of the 
mineralization in gr ind is the occurrence of a wide variety of semi- 
precious gem stones. The most nda Loa gems came from deposits 
in the Sahatany Valley and from Antsirabe, Ankazobe, and Ikala- 
mavony pense fields. Domestic production during 1961 was spo- 
radic and barely supplied loca] lapidaries. Some of the more impor- 
tant gems mined were beryl (morganite, aquamarine, and heliodor), 
tourmaline (rubellite, indicolite, and others having colors of green, 
brown, violet, and pink), spodumene (kunzite and others of yellow 
and greenish yellow color), garnet (spessartite and almandite), topaz 
(colors range from water clear to a slightly greenish tint), sapphire 
(cordierite), feldspar 5 moonstone, and others water white 
to golden yellow in color), and quartz (rock crystal, citrine, smoky, 
amethyst, chalcedony, an iren). 

Other varieties of gems found in Malagasy that may be cut and 
polished are alabaster, chrysoberyl, danburite, diopside, epidote, ferro- 
pecot ite, 5 labradorite, opal, rhodonite, rhodizite, scapolite, 
serpentine, spinel, and turquoise. 

ther mineralogical specimens highly prized by collectors included 
ampangabeite, befanamite, betafite, And grandidierite. 

Rhodesia and Nyasaland, Federation of.—The Sandawana emerald de- 
posits, owned by Rio Tinto Co., Ltd., were reported producing high- 

uality gems during 1960. Production and values were unknown. 
Two new emerald deposits were reported in the Fort Victoria district.™ 
Another emerald discovery was reported in the Mazoe district 20 miles 
north of Salisbury.” 

South-West Africa.—In June 1961, Marine Diamond Corp., Ltd., was 
formed to mine diamond by dredging in a coastal area extending from 
the mouth of the Orange River north 172 miles and extending from 
the low-water mark on the coast to the 3-mile limit." Also, Atlantic 


S Mining Journal (London). Tanganyika’s Mining Industry in 1961. V. 258, Ne. 
6605, Mar. 23, 1962, pp. 298-299, 

BUS Con=wWate, Nairobi. kenen State Department Dispatch 400. Mar. 26, 1962, p. 2. 

X Rurean of Mines. Mineral Trade Notes. V. 53, No. 3, September 1981. p. S 

* Mining Journal (London). Mining Miscellany. V. 258, No. 6600. Feb. 16, 1962, p. 173. 
í Sr estan Miulng and Engineering (Salisbury). News Concentrates. V. 26, No. 6, 

une 1961, pp 30, 50. 

* Bureau of Mines. Mineral Trade Notes. V. 53. No. 5, November 1961, p. 17. 

a Bureau of Mines Mineral Trade Notes. V. 53, No. 5, November 1961, pp. 14-15. 
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TABLE b.—Production, exports, and value of gem stones from South-West Africa 
d 


uring 1961 
Production Exports 
Gem 
Quantity Quantity Value 
Diamonds F carats... 787,949 | US$47, 267, 567 
o ß A NEEDS 111 
¡A A 8 2, 600 1, 900 
Rose EE 140 
rr... ðL cum aC EE 11 4, 900 


ee OS erg „„ dr £64 „ dron Af „ „% ep dr dré en ed ad dr 4! 06% 


Diamond Corp., Ltd., was seeking an 8-mile concession north of the 
Orange River along the coast to the 3-mile limit. 

Union of South Africa.— Emerald production from northeastern 
Transvaal increased to 3,600 pounds in 1960 from 1,800 pounds in 
1959. African Emerald Mining Company (Pty.) Ltd., African Gem 
Company, and Gravelotte Emerald Mine were the only producers. 
Virtually all of the emerald was exported to Switzerland and the 
United Kingdom. Tiger's eye production was about 3 tons.“ 

Plans were made for reopening the famous de Beers! diamond mine 
at Kimberley.“ This mine, also known as the “Big Hole,” was mined 
to a depth of 3,520 feet and produced over 14 million carats before 
mining stopped in 1908.'5 

OCEANIA 


Australia.—The value of opal reported in official statistics was the 
amount buyers reported to the Government as the price paid for rough 
material. Opal production in 1900 was valued at US$1.5 million, 
and exports were US$2.3 million.“ 


TECHNOLOGY 


A list of mineral species, some of which were found only in Cali- 
fornia, was published.*” 

Information on jade gem material in Washington was given.** 

A new book on opal, published in Australia, contained information 
on the history of opal mining and discussed modern methods of extrac- 
tion. It was illustrated with drawings and photographs of different 
types of opal.” 

Gem stones of South Africa and their locations were described.*° 


Pr InIng Journal (London). Mining Miscellany. V. 257, No. 6686, Nov. 10, 1981, 


. 485. 
i 23 U.S. Consulate, Toman ee $ Union of South Africa. State Department Dispatch 7. 
July 7 1 p. 14, encl. 3, pp. 1, 2. 
34 Mining World and Eng neering Record (London). De Beers Well Equipped to Meet 
Difficult Times Ahead in Africa. V.177, No. 4551, June 1961. p. 243. 
% Rocks and Minerals. Kimberley Diamond Mine May Reopen. V. 36, Nos. 1 and 2, 
January-Februar 1 p: 41. 
s» Bureau of Mines. ineral Trade Notes. V. 54, No. 1, January 1962, pp. 40, 41. 
* Stinson, Melvin C. The Mineral Kingdom. Miner. Inf. Service, California Div. of 
Mines, San Francisco, Calif., v. 14, No. 8, August 1961, 16 pp. 
ss Waskey Frank H. Washington State Jade. Rocks and Minerals, v. 86, Nos. 1 and 2, 
January-February 1961, pp. 30-31. 
* Leechman, Frank. he Opal Book. Ure Smith Pty. Ltd., Sydney, Australia, 1961, 


255 pp. 
ed Blignaut, Adi. Gemstones of Southern Africa. Geol. Museum of Johannesburg, Trans- 
vaal, South Africa, 1961, 28 pp. 
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Each monthly issue of Mine and Quarry Engineer (London) begin- 
ning with October 1953 described a mineral, giving the synonyms, 
nomenclature, varieties, composition, crystallography, physical and 
optical properties, tests, diagnoses, occurrences, and uses. Each min- 
eral was illustrated in color. In the 1961 issues the minerals in chron- 
ological order were strontiamite, wavellite, cryolite, aurichalcite, 
eo hemimorphite, adularia, diopside, gibbsite, topaz, rutile, and 
opal. 

A series of articles on quartz as a gem material were E 

Data on gem stones having dichroism, the property of presenting 
different colors in two directions by transmitted light, were piven.” 

The origin of jadeite and experimental studies on its synthesis were 
described.“ 

Recent developments in the synthesis of gem material for jewelry 
and industrial applications were reviewed.“ 

Single Ge? of corundum made by the Verneuil method were 
investigated to determine the quantity, color, and degree of oxidation 
of manganese which they contained. The crystals contained from 
0.1 to 20 mole-percent manganese oxide. Chemical and microscopic 
examinations were reported.“ 

A Russian publication reviewed the history of emerald synthesis in 
Germany. Past and recent methods used to manufacture emeralds 
were described. The synthesis of phenakite, zircon, garnet, titanite, 
and rutile also was mentioned.* 

Methods of growing crystals of synthetic ruby in a closed system“ 
and of producing garnet sathek cally were patented.“ 

An improvement in the color of pale yellow or brown gem diamonds 
by exposure to gamma radiation was described.“ 

The design of an apparatus for use in extraction of diamonds was 
patented in Russia.“ 

A method of producing diamonds by explosive force was described.“ 


€ Pough, Frederick H. The Many Faces of Quartz. Jewelers’ Circ.-Keystone, v. 182, 
No. 1, October 1961, pp. 80, 82, 102-103; No. 2, November 1961, pp. 68, 70, 77-78; No. 3, 
December 1901s pP: 0, 52, 54. 56. 

43 Pough, Frederick H. Bi-Color, Parti-Color and Dichroic Stones, Jewelers’ Cire.— 
Keystone, v. 131, No. 10, July 1961, pp. 52, 54. 

Moskaleva, V. N. The Problem of Jadeite. Econ. Geol., v. 56, No. 8, December 1961, 


. 1480. 

„ Chemical Engineering. Flame-Grown Gem Stones Enjoy Broadened Use in Optics 
and Fashion Jewelry. V. 88, No. 26. Dec. 25, 1961, pp. 26-28. 

4 Baumglürtel, Rolf. (Investigations on Corundum Single-Crystals Containing Man- 
ganese.) hem. Tech., No. 10, 1961, 613 pp. 

* Espig, Hermann. (Emerald Synthesis. Chem. Tech., No. 6, 1960, pp. 327-331. 

r Balliman, Albert A., Anthony J. Caporaso, and Robert A. Laudise (assigned to Bell 
29 Laboratories, Inc.). Method of Growing Corundum Crystals. U.S. Pat. 
2,979,413, Apr. 11. 1961. 

e Van Uitert, L. G. G. (assigned to Bell Telephone Laboratories, Inc.). Polycrystalline 
Garnet Materials. U.S. Pat. 3,003,966, Oct. 10, 1961. 

* Custers, J. F. H., H. B. Dyer, and R. W. Ditchburn E to Industria] Dis- 
tributors Ltd. (1946)). Treatment of Diamonds. U.S. Pat. 2,998,305, Aug. 29, 1961. 

8 Lomakin, G. A. Russian Pat. 129.146, June 15, 1960. 

8! Van Tilburg, J. Australian Pat. 226,337, Nov. 27, 1959. 


Gold 


By J. P. Ryan? and Kathleen M. McBreen ° 


P 


NITED STATES mine production of recoverable gold in 1961 
was 1.5 million ounces valued at $54.2 million, a decrease in pro- 
duction of 7 percent from 1960. This output was the lowest 

since 1885, except for 4 years (1943-46) during and immediately fol- 
lowing World War II. World gold production rose for the 8th suc- 
cessive year to a new high of 47.7 million ounces, valued at $1.7 billion. 

The decline in domestic production reflected curtailed operations 
in some areas and continuing unfavorable economic conditions owing 
to rising costs in relation to the fixed po of gold. The gain in worl 
output of gold, as in several preceding years, was attributed prin- 
cipally to expansion of gold mining operations in the Republic of 
South Africa, and to a lesser extent to an increase in the estimated 
output of the U.S.S.R. 

onsumption of gold in domestic arts and industries, reversing the 

rising trend 12 since 1954, decreased 7 percent to 2.8 million 
ounces, about 1.2 million ounces more than domestic mine production. 

The outflow of gold from the United States, resulting from the 
continuing deficit in the balance of- payments and conversion-of-dollar 
credits by foreign central banks, amounted to 8857 million. The gold 
loss, about half that of 1960, reduced the U. S. gold stock to $16.9 
billion at yearend. Although the balance-of- payments deficit of $2.4 
billion was considerably less than in 1960, short-term bank liabilities 
to foreigners increased $1.4 billion to $18.7 billion at yearend, nearly 
2 billion more than the U.S. gold stock. Free-world gold reserves 
totaled $41.1 billion, a gain of $600 million for the year. 

Although speculative transactions on the London Gold Market were 
substantial, the average price 5 during most of the year did 
not vary much from the equivalent official price. An informal agree- 
ment by central banks not to purchase gold in the London Gold Market 
at prices above the official price contributed to price stability. The 
outgoing President’s order prohibiting U.S. citizens from holding 
gold abroad and the new President’s statement that U.S. official price 
88 Is EES also contributed to price stability in the London 

rold Market. 


1Commodity specialist, Division of Minerals. 
3 Statisti clerk, Division of Minerals. 
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LEGISLATION AND GOVERNMENT PROGRAMS 


Hearings on bills and resolutions dealing with subsidy payments to 
domestic producers of gold were held in May by the Mines and Mining 
Subcommittee of the House Interior and Insular Affairs Committee. 
The bills and resolutions considered were H.R. 6375, 6734, 6804, and 
9225, and H.J. Res. 185, 286, 293, and 356. S.J. Res. 44, also providing 
for subsidy payments to domestic producers, was introduced in the 
87th Congress, 1st Session and referred to the Senate Interior and 
Insular Affairs Committee. No further action was taken on the bills 
and resolutions. 

An Executive order, issued on January 14th, amended the Treasury 
Department’s Gold Regulations to prohibit U.S. citizens and those 
subject to the jurisdiction of the United States from holding abroad 
either gold or securities re 5 gold on deposit. Implementin 
amendments allowed U. S. holders of gold and securities abroad unt 
June 1, 1961, to dispose of their holdings. The prohibition was aimed 
at improving the U.S. balance-of-payments. 

Also bills similar to those introduced in 1960 to increase the price 
of newly mined domestic gold and to amend the Gold Reserve Act 
of 1934 to permit free marketing of nonmonetary gold by private 
owners were introduced and referred to the House Committee on Bank- 
ing and Currency. Bills to provide for the coinage of gold, to elimi- 
nate gold-reserve 5 of Federal Reserve banks, to establish 
a gold standard with redeemable currency, and to provide for other 
revisions of the U.S. monetary system were also introduced in the 
House of Representatives and referred to the Committee on Banking 
and Currency. Other bills were introduced in the 87th Congress to 
amend the Internal Revenue Code and to increase the percentage of 
the depletion rate for gold; these bills were referred to the Committee 
on Ways and Means of the House of Representatives and the Com- 
mittee on Finance of the Senate. Bills to facilitate protection of 
consumers from fraudulent misrepresentation concerning the quality 
of gold and silver artieles of merchandise were introduced in Congress 
and referred to the respective Committees on Interstate and Foreign 
Commerce of the House and Senate. 


DOMESTIC PRODUCTION 


Domestic mine production of recoverable gold dropped 7 percent 
to 1.5 million ounces valued at $54.2 million, the lowest output (except 
for 1943-46) since 1885. The decrease in production was attributed 
principally to a decline in Seen mining in Alaska and California 
and to a lower output of gold-bearing copper ores in Utah and Mon- 
tana. Labor strikes represented a relatively minor factor. Gold- 
mining operations continued to be adversely affected by rising costs in 
relation to the fixed price of gold. Some mines were closed, and re- 
serves at several mines neared depletion. 

South Dakota and Utah, the two leading gold-producing States, 
contributed nearly 60 percent of the total domestic output. Except 
for small increases in Arizona and Colorado, all the major zold: 


* Amendment of Executive Order 6260. Aug. 28, 1988. 
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producing States recorded lower outputs. Utah's output declined 
artly because of a production loss resulting from a labor strike in 
ugust at the Utah Copper mine. The closing of the Goldacres mine 
was the principal factor in the decline of Nevada’s Ene output. 
Alaska dropped from third to fifth place among the gold-producing 


States. 
TABLE 1.—Salient gold statistics 


1952-56 1058 1059 1960 1061 
(average) 
United States: 
Mine production 
thousand troy ounces... 1, 879 704 1, 739 1, 603 1, 667 1, 548 
Value thousands ] $65,773 | 962,776 | $60,874 | $56,103 | $58, 337 $54, 180 
ore (Ary And ae) ee 
old ore....thousand short tons.. 2, 255 359 2, 411 2, 289 2, 267 2, 060 
Gold- all ver oro. . do 146 116 107 137 347 248 
Silver ore. 00 599 712 639 597 565 
Percentage derived from: 
Dry and siliceous ores............. 42 43 47 50 47 48 
Base-metal ores. 37 38 32 28 37 39 
1 JGG 21 19 21 22 16 13 
po gene 
thousand troy ounces 1. 6, 045 7, 701 8, 120 8, 485 9, 822 1, 615 
Exports 1. do.... 606 4, 806 886 50 47 22, 146 
Stocks Dec. 31: Monetary! 
millions $22,857 | $20,582 | $19,507 | $17,804 $16, 947 
Consumption in industry and the 
arts thousand troy ounces.. 1,773 1, 450 833 2, 522 3, 000 2, 775 
Price: Average per troy ounce*..| $35.00 $35. 00 00 $35. 00 $35. 00 $35. 00 
World: Production 
thousand troy ounces..| 35,600 | ‘39, 500 40,600 | 142,800 | 1 45, 400 47,700 
3 Department; privately held not included. 
re ; priva 
: Barbe dare of Gold Reserve Act of Jan. 31, 1 
e S 
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FIGURE 1.—Gold production in the United States, 1905-61. 
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TABLE $.—Gold produced in the United States according to mine and mint returns 
(Troy ounces of recoverable metal) 


January 
February 
March 


The Homestake mine in South Dakota contributed more than one- 
third of the nation’s gold output, and most of Utah’s output was re- 
covered as a byproduct of copper ore at the Utah Copper mine. 
Arizona’s gold output also was recovered chiefly from the treatment 
of copper ores. Virtually all of Alaska’s gold came from placer de- 
posits and was recovered by bucketline dredging. Forty-eight percent 
of the total domestic output was recovered from gold ores, about the 
same as in 1960; 13 percent from placers, a 3-percent drop; and 39 per- 
cent as a byproduct of base metal ores, a 3-percent gain. 

The 25 leading U.S. gold producers included 5 lode gold mines, 5 
lacer gold mines, 9 copper mines, 3 copper-lead-zinc mines, and 3 
ead-zinc mines. The 25 leading mines supplied 93 percent of the 

domestic output. 

Homestake Mining Co. continued to expand ore output and pro- 
duced gold bullion valued at $19.6 million, compared with $19.5 in 
1960. Tons milled increased slightly to 1.8 million tons, yielding 
$11.00 a ton. The ore reserve at yearend was estimated at 15.0 million 
tons averaging $11.39 a ton, compared with 13.7 million tons averaging 
$12.35 a ton at the end of 1960.4 

oe company president stated the following in the Annual Report 
that: 


“Our gold operation continues to be profitable despite mounting costs. Daily 
production capacity is being increased from 4,800 to 5,800 tons, and resulting 
savings will offset to some extent the inevitable rise in costs as inflation continues 
and will postpone the day when the cost of producing an ounce of gold will exceed 
$35, the present price at which it must be sold. Our increased rate of production 
will, however, consume ore reserves more rapidly.” 

Approximately 4,400 persons were poe in the gold and gold- 
silver mining industry at 500 lode and placer mining operations 
compared with 5,100 persons and 900 mines in 1960. 


* Homestake Mining Co., 84th Ann. Rept., Dec. 81, 1961, p. 11. 


, 
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Ore production and classification, methods of recovery, and metal 
yields embracing all ores that yielded gold in the United States in 
1961 are given in tables 6 to 9. Terminology and definitions used in 
SE ores are given in the gold chapter of the 1960 Minerals 

ear 


TABLE 4.—Twenty-five leading gold-producing mines in the United States in 


1961, in order of output 
Rank District or region State Operator Source of gold 
1 | Homestake......... 5 South Dakota.| Homestake Mining Gold ore. 
2 | Utah Copper. ) Utah Kennecott Copper Copper ore. 
3 Knob Hi Hill & Gold | Re 55 Washington Knob em Mines, Gold ore. 
4 | Yuba Unit.........| Yuba River....... California..... vis Consolidated Dredge. 
Industries, Inc. 
5 Arizona....... Phelps Dodge Corp...| Copper ore. 
8 | Liberty Pit.........| Robinson......... Nevada....... R Copper Do. 
7 | Fairbanks Unit.....| Fairbanks. Alaska United States Smelt- | Dredge. 
; Refining, and 
g 0. 
8 | New Cornelia Alo Arizona....... Phelps Dodge Corp... E gold- 
Leer ores. 
Nome Unit.........| Nome Alaska United States Smelt- Dredge 
ng, DEB: and 
10 | Idarado............ Colorado...... Idarado 0 Mining Co...| Copper-lead- 
iguel-Eureka c ore. 
(Red Moun- 
tain). 
11 | Afár...........-.-.- Cripple Oreek.....|..... do. i eios Torn iden Cycle Gold ore. 
12 | Gold King.......... Wy catcher River | Washington... DD M ines SE Do. 
13 | San Manuel........ Pioneer Arizona ge Manuel Copper Copper ore. 
orp. 
14 | Iron King.......... Big Hug E, (EE Shattuck Denn Lead-zinc ore. 
Mining Corp. 
15 | Magma............. Pioneer do.........| Magma Copper Co Copper, gold- 
ver ores. 
16 | Natomas........... re IUS California..... The Natomas Co...... Dredge. 
olsom). 
17 | Mayflower and Renova........... Montana...... Estate of Peter Gold ore. 
West Mayflower. Antonioli. 
18 | Berkeley Pit....... Summit Valley  |..... do......... The Anaconda Copper ore. 
(Butte). Company. 
19 | Hogatza Rlver...... Hughes Alaska United States Smelt- | Dredge. 
ing, Refining, and 
Mining Co. 
20 | Morenci............ Copper Mountain.| Arizona....... Phelps Dodge Corp...| Gold-silver, 
copper ores. 
21 West Mountain Utah United States Smelt- | Lea Ger ine, 
(Bingham). ane, kenning, and gold-silver 
M EY ores. 
22 | Camp Bird......... Sneffels........... Colorado...... Camp Bird Colorado, 92 per-lead · 
c. X ie 
23 | Eagle Red Cliff (Battle |..... do......... The New Jersey Zinc 
Mountain). Co. 
24 Blue Ledge....... Utah.......... New Park Mining Lead-zinc ore. 
88 Mining 
o. 
25 | Kelley Summit Valley Montana...... Tho Anaconda Copper ore. 
(Butte). Company. 


650878-—62—_-39 
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TABLE 5—Mine production of receverable gold in the United States, by States 


(Troy ounces) 
1968 1959 1900 1901 
Alaska..... 3 dE 186, 435 178, 918 168, 197 114, 216 
Arizona 142, 979 124, 627 143, 064 145, 
(Tu OT 285, 385 148, 123, 718 ? 
Colorado..... 5 ésas 79, 639 61, 097 6l, 67, 518 
¡A AE AAA 15, 896 , 479 6, 135 718 
Montana 26, 003 98, 651 46, 092 35, 377 
ev 105, 087 113, 443 58, 187 54, 165 
ew Mexico $, 378 $, 155 6, 423 0, 201 
North Carolina. nccccccccesece 376 065 1, 826 2,094 
Oregon 1, 423 686 835 1, 064 
Penns (1) a) (1) a 
South 570, 839 877, 730 554, 771 7, 855 
Tennesse . 1 09 128 152 
Texas 5 B Loliazecswelessesad 8 " PIE JJV 
Utah........ -————-- sacan.» 907, 824 „8 beh, $55 343, 088 
Vermont..... F 188 J EE ĩðͤ K DEE 
Washington 3 1113, 888 t 118, 1 128,012 t 117, 331 
Wyoming 117 1: wens 
Total.. 1,739,249 | 1,002,931 | 1,688, 772 1, 648, 270 


3 Production in Pennsylvania and Washington combined. 


TABLE 6.—0re, old tailings, étc., yielding gold, produced in the United States, 
and áverage recoverable content in troy ounces of gold per ton in 1861 


Gold ore Gold-silver ore Silver ore Copper ore 

Btate Average Average Average Average 

Short ounces Short ounces Short ounces Short ounces 

tons of gold tons of gold tons of gold tons of gold 

per ton per ton per ton per ton 
G 452 r saca PARA WEE E A 
ASS dr 30, 450 . 027 119, 505 0. 007 MO HUES 71, 970, 777 0. 002 
Oalifornia. .......... 24, 650 r 13 0. 615 19, 449 . 232 
Colorado. . Ge 56, 418 477 2, 000 , 042 373 . 011 15,7 . 332 
Z 2, 406 Irn 409, 037 , 003 20, 866 027 
Montana........ Be 10, 531 1. 202 10, 592 .178 35, 144 .018 | 12, 533, 042 001 
Nevada...... Ca 36, 944 R S 11, 598 . 155 298 578 004 
New Melen ` Së 17 1. 412 48, 235 , 027 2,445 I. cane 7, 405, 692 . 001 
pour Dakota. . Kees 1, 780, 746 , 413 19 21. 421 911. "Up 
Utah 4 . 250 66, 881 , 006 72, 201 -010 | 27, 856, 459 Bok) 
Undistributed SERE 116, 890 . 996 412 27 6 MB acacia 1, 749, 063 . 001 
Total......-... 2,050,508 | .355| 247,734 021 | 564,509 | me 133, 579, 842 „004 


Zinc-lead, zinc- 
Lead ore Zine ore copper, and zinc- Total ore 
lead-copper ores 


—————— l. ͤ —aZ—Ü42᷑ —ͤ——ͤä ſU——œ—j 42 


Average Average Average A 

Short ounces Short ounces Short ounces Short ounces 

tons of gold tons of gold tons of gold tons of gold 

per ton per ton per ton per ton 

Alaska.. oe 41 0. 220 1 1 645 1.177 
Arizona........... 1, 258 , 027 15, 059 |... A 417,371 | 0.036 | 72, 584, 035 , 002 
8 alifornia. . 1, 720 , 018 14 2. 000 55 | 21.927 45, 901 . 289 
Colorado............ 2.273 . 251 18 4.333 | 851,394 038 938, 240 . 070 
Idaho. .... 105, 56! . 009 50. 847 |... 847, 938 | 001 | 1,496,655 . 003 
Montana 12,747 | ml 189,971 . 008 361 | 089 |! 12,792, 388 . 003 
Nevada. .... 9, 301 , 155 283 004 376 |... 12, 067, 080 004 
New Mexico... .. 7, 588 . 001 | 288, 270 Gert 24,968 | .004 | 7,777,215 , 001 
South Dakota. T > |... Ku | 1,780,773 . 313 
Utah. » L 233 , 021 69,865 |  .002 | 487,180 | .036 | 28, 553, 823 012 
Undiatributod 1. Y La 7 |------.-. [11,289,034 |.......--| 13, 159, 571 038 
Total.........-| 201,729 | og | 614,327 | o /3, 998,677 | o [141, 196, 326 010 

| 


! Includes North Carolina, Oregon, Tennessee, Washington, Sat Wyoming. 
$ Includes gold recovered from tungsten ore. 
' ludes manganese ore and gold therefrom. 
¡des tungsten ore and gold therefrom 
‘os magnetite-pyrite-chalcopyrite ore and gold therefrom in Pennsylvania. 


GOLD 603 


TABLE 7-—Mize and refünery production ef gold in the United States in 1961, 
by States and sources 


(Proy ounces el recoverable metal) 


Mine production 


yo 113, (BR BE W 114, 216 116, 700 
3 1 1,606 | 129,295 M |........ 14, 826 45, 950 147, 280 
California. ....... 84, 367 8, 606 4, 504 31 $8 $ 106 , 044 98, 250 
Colorado. ........ 1, 924 26, 908 5, 222 570 78 32 713 87. 516 64, 950 
Idaho............. 541 2, 198 564 | 1,408 16 991 6, 718 6, 000 
Montans......... 133 16, 123 18, 133 308 649 833 85, 377 38, 720 
Nevada 1, 006 7, 018 44, 011 1, 440 I 54, 165 53, 000 
New Merien = x 1, 340 4, 612 8 119 95 6, 201 6, 480 
North Carolins...].......... 56 Ic A 9 136 2, 094 1, 200 
Oregon. .......... 705 343 Desens AA 5 1, 054 880 
GC A DE) TTT, DEE, ET, DEET A A 1, 130 
South + A A e ß A 887, 855 888, 850 
Tennessee. rs ddr 152 wesgeeëemoeleeeeeeeoeleeeggeaggen gege 162 200 
Lu EE, E 1,161 | 328,850 26 170 17, 781 342, 088 355, 000 
Washington . 10 | 116, 103 j E 17. 4 AO ct ⁵ AAA 117, 331 118, 160 
Wyoming IJ ã ͤ D 8 1 (9 
Total. 366 | 740,850 | 533,474 | 3,834 1, 061 06, 685 | 1, 548, 270 1, 566, 800 
Percent..... 1 47.9 94.4 .2 .1 43 100 |.........- a 


U.S. Bureau of the Mint. 
udes gold vered 


1 
3 from tungsten 
3 Includes gold recovered from manganese ore. 
s Included with Washington. 
* Includes gold reco from magnetite-pyrite-chalcopyrite ores in Pennsylvania. 
€ Approximately 1 troy ounce. 


TABLE. 8.—Gold produced in the United States from ore and old tailings in 1961, 
by States and methods of recovery, in terms of recoverable metal 


Ore and old tailings to mills 
Total ore, 
State os ke 
Ste., 
treated 
(short 
tons) 
ere LE EE 645 
Arizona 72, 584, 035 112, 704 
California  ...... 45, 901 6, 098 
Colorado ........ 938, 240 29, 256 
3 1, 406, 655 4, 328 
optang 12, 792, 388 10, 533 
vada 12, 067, 080 43, 072 
New Mexioo.......] 7,777,215 4, 800 
th ind 41825 
CCC 653, 823 341, 539 
Undistributed 1....| 9 3, 159, 571 81, 225 


Total,.......|141, 196, 326 


1 Includes North Carolina, Oregan, Pennsylvania, Tennessee, Washington, and Wyoming. 
3 Exel magnetite-pyrite-chaloopyrite ore and concentrates therefrom in Pennsylvania. 
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TABLE 9.—Gold produced at amalgamation and cyanidation milis in the United 
States and percentage of gold recoverable from all sources 


Bullion and 
tates Sekt qst 
(troy ounces) 
Year RA 
Amalge- | Cyanida- 
mation 

3 (average) .............. 440, 704 260, 743 
EE 435, 387 257, 008 
1988 ión 446, 886 245, 307 
1950. 8 „ 459, 857 236, 046 
1060. A ͤ ͤ A 438, 207 210, 354 
J.. 434, 134 186, 086 


$ Both crude ores and concentrates. 


Gold from all sources (percent) 


Amalga- once Bmelting! | Placers 


mation 
2.5 14.3 40.8 2L 4 
24.3 143 42.3 19.1 
25.7 14.1 38.9 21.3 
28.7 14.7 344.3 2.3 
26.3 2.6 45.2 15.9 
28.0 12.0 46.9 13.1 


TABLE 10.—Gold production at placer mines in the United States, by methods 
of recovery 


Mines | Washing 
Method and year producing} plants 
(dredges) 
Bucketline dredging: 
1052-56 (average) 25 89 
!! ˙¹ TT 18 33 
%%%; y 17 31 
e 3JCͤͥͤö;—Lw 8 16 30 
EE 17 24 
Dragii odd i = 
ne dre g: 
eer (average) 16 12 
JJ E ADEL 13 14 
1085 A EE 11 11 
1080 A ͤ ⁊ PER aC QE 12 12 
J. EE Se 20 20 
J 16 16 
Hydraulicking: 
1052-66 (average) ....... Wee 42 licicicnnsa 
A. 8 30 lesccioces S 
1058 A 49 |........- P 
1 8 35 35 
o DONDE MR 8 83 83 
Nonfloatin g was hing plane: = = = i 
g ed 
1062-56 (a eram FC 117 113 
7 94 111 
j| %;ͤ ! 107 118 
. AAA 8 89 97 
der JJ Ku 80 60 
2 è 81 81 
ek Ee EE “small-scale hand 
methods, suction dredging: 
1952-56 (average)............ Desses 127 A 
1987...... A ĩᷣͤ K Y EEN 
E 105 3 
1959...... EE 7 4 
17; 0 89 89 
Y A cuo nau nei 103 103 
Pa 5 ) 327 109 
average) 
1087 UTC KU 09000 EE EE 228 158 
77 289 163 
%% h NANA 231 178 
1900....... eA E 239 246 
1901.......... A E 238 243 


Gold recoverable 
Ma 
trea 
(thousand |Thousand 
cubic troy 
yards) 
50, 029 340 903 
45, 489 207 402 
43, 603 287 038 230 
86, 908 251 767 237 
83, 464 228 996 
83, 806 177 192 183 
882 4 14 . 168 
878 3 55 . 145 
132 1 40 . 901 
157 2 78 S 
14 1 47 " 
3 608 1 43 . 071 
215 2 58 . 280 
100 2 75 . 782 
9848 3 115 . 331 
102 3 87 . 855 
282 3 93 , 330 
104 8 107 1,020 
3, 080 5 1, 967 . 008 
2, 188 40 1, 381 . 631 
2, 601 T 2, 008 1. 037 
2. 560 100 8, 511 1, 367 
938 80 1,045 1.114 
957 19 068 . 008 
198 34 2 124 . 026 
63 2 81 1 270 
83 3 03 1. 180 
47 92 8 82 L 732 
60 2 73 1, 207 
141 2 73 .518 
04, 304 2403 | 214,006 . 219 
48. 218 943 11, 904 . 249 
46. 857 371 12, 984 207 
30, 873 2358 | 12. 520 .914 
34, 888 204 9, 944 . 265 
1 85, 616 202 7, 083 . 199 


1 Does not include commercial sand and EE 8 recovering b uct gold, 


* Includes 1,476 ounces of gold valued at 
s Ineludes 103 ounces of go 


valued at $3,005 9 


separation. 
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CONSUMPTION AND USES 


Industry and the Arts.— After rising for 6 successive years, the quan- 
tity of gold consumed by domestic industries and in the arts declined 
moderately. Net consumption decreased 7 percent to 2.8 million 
ounces, about 1.2 million ounces more than domestic mine production. 

In addition to the large quantity of gold consumed for traditional 
and established uses in the decorative arts, for dental and medical sup- 
plies and equipment, and for scientific instruments, the quantity of 
gold consumed for industrial use continued to increase, as newly de- 
veloped applications were more widely adopted. Applications in 
structural components and instrumentation of space vehicles and jet 
aircraft included protective coatings on refractory metals and ceramics 
for reflection and reducing the rate of heat transfer in such structural 
components as engine shrouds, tail-cone assemblies, blast shields, drag- 
chute containers, and satellites. An expanding use of gold alloys was 
noted in the manufacture of electronic components such as silicon 
transistors diodes, rectifiers, microwave vacuum tubes, contacts, and 
printed circuity in communications and various control e lee 

Gold alloy contact points to withstand 300,000 revolutions were 
specified in designing an improved tuner for Zenith Radio Corpora- 
tion’s new television receiver. At the U.S. Naval Underwater Ord- 
nance Station at Newport, R.I., gold sliprings were used to obtain 
superior power, and signal connections in a centrifuge were built for 
GE instruments and electronic parts and assemblies. Gold-coated 
porcelain enameled metal panels were made available in commercial 
quantities for architectura F by Ingram-Richardson Man- 
ufacturing Co., Beaver Falls, Pa. 

Thin films of gold on Teflon were used as interior protection for 
plastic containers of fuel-expulsion systems in missile and aerospace 
service, according to Quantum, Inc., Wallingford, Conn. The chem- 
ically deposited gold on Teflon was reported to greatly reduce perme- 
ability to hi E fuels. Gold-coated Teflon also was developed 
by E. I. du Pont de Nemours $ Co., Inc., Wilmington, Del., for pro- 
tecting workers handling high-energy fuels and fuel equipment. The 
fabric, called “Armalon,” has high reflectivity and will take a flash 
test at 3,000? F. The material is unaffected by most chemicals. Gold 
and other precious metals were used in a new high-temperature lubri- 
cant developed by General Magnaplate Corp., Belleville, N.J., for 
space capsules and jetengines. The new lubricant was applied in thin 
coatings that will function in temperatures up to 1,200° F and may 
have applications in high-speed industrial machinery. 

Reports from domestic producers indicated that about 1,000 troy 
ounces of natural gold was sold to various buyers, chiefly for jewelry 
and ornamental use, at prices somewhat higher than the official price. 

Monetary.—Central Bank gold purchases declined 30 to 40 percent 
below those of 1960, due in part to deferred conversion of foreign cur- 
rencies into gold. Most of the gold sales resulting from currency 
conversions by Central Banks were made directly by the Bank of Eng- 
land and not through the market. The Bank of England, the largest 
seller in the London Gold Market, obtained most of its gold supply 
from South African mine production and from the United States re- 
serve. Demand from the Far East and Middle East again increased. 
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Of a total market supply of new gold aggregating 42.5 million 
ounces, it was estimated that Central Banks and other official insti- 
tutions, including the International Monetary Fund (IMF), absorbed 
23 million ounces, industries and the arts about 8.5 million ounces, 
hoarding and investment buyers, the remaining 11 million ounces.* 


TABLE 11.—Net gold consumption in industry and the arts, in the United States 
(Troy ounces) 


1952-56 (average)... cc e ecce cc ce ce ccc eee ee eene ce cete 1, 773. 106 
F Lr 
——————— n 1 EL 800 
NY DEE 2, 775, 000 


Source: U 8. Bureau of the Mint. 


MONETARY STOCKS 


The U.S. gold stock declined $857 million during 1961 to $16.9 billion 
at yearend, the lowest level since 1939. The loss, about half as much 
as in 1960, was the fourth successive annual decline in the nation's 
gold reserve. The smaller gold loss reflected a reduced balance-of- 
payment deficit, increased holding of dollar reserves by foreigners, 
and the purchase of $150 million in gold by the United States from 
IMF. e ratio of gold reserve to Federal Reserve note and deposits 
liabilities dropped 3 percent to 35 percent at yearend, as against 25 
percent required for legal cover. 

The U.S. balance-of-payment deficit was reduced from $3.8 to $2.4 
billion. Although the net trade surplus, based on exchange of 
and services including military expenditures, declined slightly to $5.2 
billion, this favorable balance was more than offset by the deficit 
arising from Government grants and private remittances, and from 
long- and short-term capital transfers and investments abroad b 
Government and private interests. About one-third of the ove 
deficit was paid in gold. The U.S. balance-of-payments and its rela- 
tion to the gold reserve, stability of the dollar, and international finan- 
cial cooperation were discussed by Government officials.* 

The 1961 deficit in balance-of-payments resulted in increasing U.S. 
short-term bank liabilities to foreigners by $1.4 billion to $18.7 billion 
at yearend. These liabilities, payable in dollars, constituted a poten- 
tial claim on the U.S. gold reserve. Two-thirds of the liabilities were 
payable to Western European countries and Canada.* 

entra] Banks and Governments and international banking insti- 
tutions reported gold reserves totaling $41.1 billion, $600 million more 
than at the end of 1960. The U.S. reserve of $16.9 billion thus consti- 
tuted about 41 percent of the total free-world gold reserve. Gold 


58. Montague & Co. Ltd. Ann. Rev. 1961. ML mue 

1 Robert V. Under Secretary of the Treasury for Monetary Affairs. American 
Bankers Assn. Conf., New York, N.Y., Feb. 7, 1962, 15 pp. 

Daane, J. Deve. Depi Under Secretary of the Treasury for Monetary Afairs. 
Minnesota Savings Bonds Conf., 8t. Paul, Minn., Mar. 9, 1962, ER ; 

' Federal Reserve Bulletin, V. 48, No. 6, June 1962, pp. 768, T. 
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reserves of the principal foreign countries in the free world in billions 
of dollars were as follows: West Germany, 3.7; United Kingdom, 3.3; 
Switzerland, 2.6; Italy, 2.2; France, 2.1; Netherlands, 1.6; Belgium, 
1.8; and Canada, 0.9. The gold reserve of the International Monetary 
Fund was $2.1 billion. 

PRICES 


Purchases of gold by foreign Centra] Banks and governments again 
reduced the U.S. gold stock substantially and prompted speculation on 
possible revaluation. However, the President and other administra- 
tion officials reiterated their previous statements that the official price 
of $35 an ounce would not be changed. In a message to the Congress * 
the President stated : 

The United States official dollar price of gold can and will be maintained at 
$35 an ounce. . . . Those who fear weakness in the dollar will find their fears 
unfounded. Those who hope for speculative reasons for an increase in the price 
of gold will find their hopes in vain. 

United States mint institutions and licensed private refiners and 
dealers continued to buy virtually a]] newly mined domestic gold and 
gold offered by foreign countries at the officia] price less handling and 
refining charges. Similarly, Government and private sales of gold to 
5 consumers were made at the official price plus handling 
charges. 

On the London Gold Market the volume of transactions declined 
from the record high of 1960. Central Banks virtually withdrew 
from the market during most of the year. The price of gold on the 
London market reached a high of $35.75 to $35.90 an ounce in January 
before the Presidential Order prohibiting U.S. citizens from holding 
dën abroad. Prices declined sharply following the outgoing Presi- 

ent’s Order and subsequent reaffirmation of the new President’s pre- 
election pledge of maintaining the gold parity of the dollar. Liqui- 
dation of private U.S. holdings was a significant factor contributing 
to the decline in prices in midyear, when the quotation was $35.04 to 
$35.08. Incre demand from the Near East and other consumer 
centers and resumption of Central Bank buying led to rising prices in 
the second half of the year. The price quotation dropped slightly 
in December, and at yearend it was $35.14 to $35.16 an ounce. 

Agreements among European Central Banks to support each other’s 
currencies and defer their rights to convert foreign currencies into 

ld reduced market transactions and helped to stabilize the price on 
the London Gold Market. Agreements among members of the Inter- 
national Monetary Fund to make currency credits available to IMF 
also helped to maintain the gold reserves of the principal international 
reserve currencies and to stabilize market prices. The United States 
and the United Kingdom, in cooperation with the monetary author- 
ities of other countries, established a gold pool of $250 million to stabi- 
lize the price of gold at or near the official price. Exports of gold by 
the U.S.S.R. to the United Kingdom for sale on the London market 
totaled 6.5 million ounces. This gold supply also was a major factor 
contributing to price stabilization. 


8 Kennedy, John F. U.S. Balance of Payments and Gold Outflow from United States, 
Message Kom The Present of the United States. Document 84, 87th Congress, Let 
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The average price * of “free” gold bars (12.5 kg. por fine troy ounce 
in the principa trading centers outside London did not vary greatly 
from the London price except in a few markets where trading was in 
local, inconvertible currencies that reflected local political conditions 
and monetary habits.'* These prices were as follows: 


Market: 880.22 Market: 
[ID MET ——— IS TS tt. $35. 52 
Hong Kong----------------- 99.21 Paris.. 85. 61 
Bombay---.------------------ 53.73 Buenos Alres 86. 15 


Demand for gold coins continued strong, and the premium over the 
gold content of most gold coins reached a record high. The premium 
on the U.S. $20 double eagle in London ranged From 18 percent in 
March to 28 percent at the end of December. 

The relationship of the dollar to gold and suggested changes in 
monetary policy needed to reduce the gold outflow and preserve the 
value of the dollar as the world’s leading currency were discussed by 
the president of a leading gold mining company." 


FOREIGN TRADE ” 


A record outflow of gold valued at $775.0 million was the salient 
feature in foreign trade. Nearly all of the gold rted went to the 
United Kingdom. A large art was sold to the Bank of England and 
represented conversion of U.S. dollars into gold by Central Banks. 
Imports declined sharply. Colombia and the Philippines supplied 
nearly three-fourths of the total imports; Canada provided 5 percent, 
and the remainder came from 17 other countries. 


AILLION DOLLARS 
5 - — > — 


s imports 


Exces 


— 
5 1960 1965 


® Prices quoted at free“ or black-market value of U.S. dollar in local markets. 
1? Engineering and Mining Journal. V. 162, Nos. 2-12, February—December 1961; v. 163, 
No. 1, H 962. Markets section of each issue. 
Laughlin, Donald H The Dollar Versus Gold : Commercial and Financial Chronicle, 


1 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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TABLE 12.-——T.8, imports of gold in 1961, by countries 


North America: 


eee ß $2, 364, 152 14, 404 $503, 546 
een ß hc 
ie J.; EE 
Netherlands A AAA A A e EE 
ICAA ac is Sh A 
Fiir! A /r A AA 
Ota) RA 8 9, 228, 828 14, 404 503, 546 
South America: 
e, ET EE A 0 
y EE ß !.. 
F/. AA cw EE , A 
Colombia PCR COSAS 57,812 634, 628 22, 147, 996 
E EE EN e DEER 
POPU DEEN 835, 279 995 210, 330 
TT EE, E E 1, 492 52, 216 
VV VEER 2, 137, 338 649, 115 22, 410, 542 
Europe: 
ee v EEN 1. 301 538 18, 840 
Germany, West 16, 319 122 4, 256 
Portugal... eege SE . A A 
United Kingdom..........................-. 37, 790 2, 122 74, 300 
Total 3 M PLA 948, 654 2, 782 97, 396 
Asia: 
ET FREE TT. AA 25, 431 890, 125 
Philippines. ee E 2, 817, 110 466, 782 16, 343, 214 
TOA EE Se 2, 817, 110 492, 213 17, 233, 339 
IIA... ,, . » 
Mozambique e GE 
Rhodesia and Nye sland, Federation of 00.528. Se 
Union of South Africa r 
tal 3 F hh!!! EEN 
Oceania: Australla............. EE 487, 710 806 28, 436 
Grand total. CCC 15, 937, 780 1, 159, 320 40, 273, 259 


Source: Bureau of the Census. 
TABLE 13.—U.8. exports of gold in 1961, by countries 


Ore and base bullion Refined bullion 
Destination e dcl 8 
'Troy ounces Value Troy ounces Value 

North America: 
AAA E A ͤ 0 40, 935 $1, 429, 370 
Mexico +concncrccnnon.n..oso weree rn aaron ap gem 276 $9, 900 ewe eee ege gaer ole eegen ege eoe 
he EE 276 9, 900 40, 935 1, 429, 370 
-Beian Luser GE 3, 415 119,528 A E 
Lier AA ↄ 8 23, 789 833, 867 
United Kingdom 10, 026 350, 867 21, 608, 006 756, 161, 047 
TO os 13, 441 470, 392 21, 631, 855 756, 994, 914 
MM | MM MM—À EE 
Ja 2 %%% „ „ „„ Genee ra ed SSSSSSSSSESSTi SCT ee gege -mAcmw-|w-eommoom d eg ee b 181 
Denon oseca eeceveve ed et „%%“ ee Te rbd eco 300, 000 10, 500, 002 
Total. 2260 „%%% „„ „ rd wéreeéeeeeelseee ees aëeéegeeolegeeegegeeeegegeg 900, 005 10, 500, 188 
Africa: Ghana... KU UU SPSS OSS SS CS SSSSSSESSSFSVSSSS/| arar rr rr or KE Ak CEA ooo 159, 897 5, 596, 385 
A ss (ECH 
Grand AAA 13, 717 480, 292 22, 132, 602 774, 620, 852 


Source: Buresu of the Census. 
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WORLD REVIEW 


World gold production rose for the eighth successive year, reaching 
a record high of 47.7 million ounces valued at $1.7 billion. The pro- 
duction gain (2.3 million ounces) was again attributed principally 
to expansion of gold mining operations in the Union of South Africa 
and to an increase in the estimated output of the U.S.S.R. South 
African output had nearly doubled in the past decade. 

Production declined moderately in Canada, Mexico, Colombia, and 
Republic of the Congo, and it increased in Japan, the Philippines, 
SE alg Southern Rhodesia. Australia’s output was virtually 
unchanged. 

Australia —Mine production of gold declined slightly to 1.07 million 
ounces, but it was only 4 percent less than the post-war peak output 
in 1954. Australia’s gold output has been remarkably stable in the 
decade 1952-61, averaging 1.07 million ounces annually. 

Western Australia, the leading gold-producing State, contributed 
about 81 percent of the Australian output. Northern Territory pro- 
duced about 7 percent of the total; Queensland, 6 percent; Tasmania, 
2 percent; and the other States, about 4 percent. 


TABLE 14.—World production of gold by countries?’ 


(Troy ounces) 
Country ! 1952-56 1961 
(average) 
S 1 4, 363, 943 4, 442, 153 
anada... -20-2 8 K 
Central America and 
West Indies: 
Costa Rica 7 4535] 0 eff A EE 
Gül 8 84] 61885 348 
Dominican Republic T  124| 288 78010 5131 1308. decessor 
Guatemala 7 2853 360  J  À 370]|............]|..-.........]|..-...-.-.-- 
Honduras 3 1. 685 
Niearagu s 226, 250 
Salvador 11.985] 2.508 2.372 — 474 NEEN 12114 . 
M A 208. 6$ 
United States 1. 566, 800 
Pl 6, 506. 000 
South America: 
Argentina 31 
o EE 7 RO, 184 
„ owe tee vere sees § 180, 900 
British Gulna 1, 702 
Ci 3 110, 000 
Colombia. 399, 877 
Ecuador... rr 15. 210 
French Ouiog .......-.-- 7, 944 
IJ AA 133, 570 
Barina: AA 4,011 
Venezuela 30, 071 
Total! 963. 000 
q > —— 
Europe: 
Finland................... 20. em 
Fanrre s un 41, 796 
Germany, West 8 4,000 
U uem RISE UE SR § 4, 800 
Nalin 8 600 
Portugal.................- 20, 959 
EA tsei Tenna En 3 14, 000 
O 9 110, 000 
USARIO e e esu 12, 000, 000 
Yugoslavia. .............. ; ; 59. 640 * 64, 300 
Totalt 9,.............-. 10, 400, 600 | 10, 500, 000 | 10, 500, 000 12. 700, 000 


Ree footnotes at end of table. 
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TABLE 14.—World production of gold by countries! —Continued 
(Troy ounces) 


Country ! 1 1961 
(average) 
Asia: 
Burma. 233 194 
Cambodia 4 482 4, 180 
FTC 27. 188 156, 510 
Pn à 293, 954 
Korea: 
North WW 130. 000 130, 000 
Republic of........... 36, 889 84, 105 
AL AAA 20, 427 12, 486 
Philippines 438, 272 ; 
Sar 576 4, 132 
Saud! Arabia............. 305.0802 Y AREA AAA PA VE, AA 
Aeon 29. 318 17. 490 
Totali $ 9...0... 1, 390, 000 1, 440, 000 
Africa: 
Angola 2 S 26 48 
Bechuanaland............ $44 215 261 
Cameroun, Republic of... 1, 066 2, 009 538 
Central Alrica, Republic 
999 A 9 657 932 80 
Congo, Republic of the 
(formerly Belgian) 365, 749 352, 276 232, 611 
Congo, Republic of....... * 10, 206 6, 048 1, 
¡AG WEE 1, 385 6, 430 5, 529 
Ethlopia.................. 27,128 36, 369 3 41, 500 
Gabon, Republic of 8 143. 336 15, 921 15, 286 
ONG Wet —7? 706, 881 852, 834 970, 135 
A 9, 958 7,753 3 12, 122 
o EA 824 3 400 , 088 
Malagasy Republio— 1,353 804 347 
oroccoo 222 S 136 
Mozambique. eee 1. 277 , 080 105 
Neri 88 777 389 676 
Rhodesia and Nyasaland, 
Federation of: 
Northern Rhodesia. 2, 776 3, 270 4. 279 
Southern Rhodesia. 518, 047 536, 849 $70, 095 
Ruanda-Urundi.........- 4, 064 3, 215 817 
Budan.......------------- : 1,158 1, 500 
Bwaziland................ 51 YA se Ocoee 1, 325 
Tanganyika i . 72, 095 68, 250 101, 067 
Uganda (exports)......... 405 329 834 855 
Union of South Africa. . . 13, 490, 069 17, 656, 447 | 20, 065, 515 22, 941, 561 
United Arab Republic 
pt!!! 12. 580 1,812 2, 486 $ 1,000 
West Africa (formerly 
French) 050 * 8, 000 3 8, 000 
o leues pere 15. 390, 000 24, 910, 000 
AA A —e—e . — = 
Oceanía: 
Australis. ................ L 050, 444 1, 085, 104 1, 070, 467 
Fill... POE AO 73, 005 72, 565 83, 417 
New Quin 06. 452 46, 663 41, 820 
New d. eoe Waste 38, 405 36, 758 28, 294 
ADUAR deser 8 wird 374 156 ! 130 
Tola]. a sioe sane e eui 1,258,680 | 1.258, 316 1. 241, 246 1, 224, 128 


World total (estimate) !.| 36, 600, 000 | 39, 500,000 | 40,600,000 | 42, 800, 000 | 45, 400, 000 | 47, 700, 000 


C a gegen gg AE C C CC C ed 

1 In addition to countries listed, gold is also produced in Austria, Bulgaria, China, Czechoslovakia, East 
Germany, Hungary, Indonesia, Rumania, and Thailand, but production data are not available; estimates 
for these countries are included in the total. Por some countries accurate figures are not possible to obtain, 
oane clandestine trade in gold (as, for example, in former French West Africa). 

2 This table incorporates some revisions, Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

$ Imports Into the United States, 

One year only, as 1956 was first year of commercial production. 

0 Estimate, 


* Exports, 

$ Average for 1953-56, 

* Output from U. S. S. R. in Asia included with U.S.S.R. in Europe, 

8¢ Estimate according to Minerals et Mataux (France), except 1961, 

!! Purchases. Production may be greater, 

33 Including gold in lead concentrates exported amounting to: 5,526 ounces, 1952-56 (average); 9,192 ounces 
fm 1957; 11,951 ounces in 1958; 10,391 ounces in 1959; 8,963 ounces in 1960; and 521 ounces in 1961, 


Compiled by Augusta W. Jann and Richard W. Peters, Division of Foreign Activities, 
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FiaurE 8.—World production of gold, 1905-81. 


All gold was sold through the Commonwealth Bank by the Gold 
Producers Association. e average price received was equivalent 
to $35.21 an ounce, reflecting the premium paid for gold in world mar- 
kets. Under the Gold Mining Assistance Act, the Commonwealth 
paid subsidies to gold producers totaling nearly £A700,000, equivalent 
to $1.6 million. Prenune received by producers on the sale of gold 
in world markets were offset against subsidy payments. Subsidy 
legislation was extended to June 1962. About 5,600 were employed 
in the gold mining industry. 

Lake View and Star, Kalgoorlie, reported ore reserves of 3.7 million 
tons averaging 0.24 ounces of gold & ton. Operating costs increased 
slightly to $4.93 a ton. Great Boulder Gold Mines Ltd., reported 
reserves of 2.0 million tons, averaging 0.28 ounces a ton, and operating 
costs of $7.35 & ton. Gold Mines of Kalgoorlie increased its ore 
reserves to 2.3 million tons averaging 0.26 ounces a ton. Norseman 
Gold Corp. opened a 624-foot section of ore averaging 1.23 ounces a 
ton across 55 inches. In Queensland, Mount Morgan Ltd., produced 
42,905 ounces of gold from blister copper and reported ore reserves 
of 12.3 million tons averaging 0.11 ounces of gold a ton and 1.1 percent 
copper. | 

Canada. Gold production in Canada dropped 4 percent to 4.4 million 
ounces valued at Can$156.9 million, despite an increase in the price 

aid by the Royal Canadian Mint. The average mint price rose to 

5.44, compared with $33.95 in 1960, reflecting & reduction in the 
quoted value of the Canadian dollar in relation to the U.S. dollar. 

The decrease in gold output resulted principally from the fact 
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that three mines were closed and only one new mine was brought into 
production. Lower production by Kerr-Addison Gold Mines, Ltd., 
Canada’s leading producer, also contributed to the drop in production. 
Cost-assistance payments to lower grade, high-cost mines, under the 
Emergency Gold Mining Assistance Act (E.G.M.A.), continued to be 
an important factor in eeping production stable and in maintainin 
gold-mining communities. Of 53 lode mines operating, 41 receive 
cost assistance under E.G.M.A. 

Quebec, Manitoba, and Newfoundland were the only Provinces re- 
cording increased production. Ontario, the leading gold-producing 
Province, contributed 59 percent of the total output; next came Quebec, 
with 24 percent; the Northwest Territories, with 9 percent; and Brit- 
ish Columbia, with 4 percent. About 86 percent of the total gold 
output came from lode and pacer gold mines, and the remainder was 
recovered as a byproduct of base-metal ores. Approximately 15,600 
were employed in lode gold mines. 

After reaching a record high in 1960, gold production by the lead- 
ing producer, Kerr-Addison Gold Mines Ltd., dropped 14 percent to 
520,867 ounces valued at $18.6 million. The production drop reflected 
lower tonnage milled, and & lower grade of ore, which declined from 
$12.71 to $12.47 a ton. Average tons milled a day was 4,083, compared 
with 4,556 in 1960. However, the higher price received for gold more 
than compensated for the lower average grade of ore, resulting in a 
moderate increase in the value recovered per ton. The reserve of 
proved ore above the 4,500-foot level was 7.8 million tons average 
0.415 ounce a ton ($14.50). Yukon Consolidated Gold Corp. operate 
five dredges and one hydraulicking operation in the Dawson City area 
of the Yukon Territory and produced nearly 80 percent of the total 
output in the Territory. 


TABLE 15.—Canada: Geographical distribution of gold 
(Troy ounces) 


Province or Territory 


1 Revised figures. 
3 Alberta, Saskatchewan, and Manitoba. 


Source: Verity, T. W., Gold 1961 (Preliminary). Miner. Resources Division, Dept. Min. and Tech. 
Burveys, Ottawa, Canada, February 1962, 14 pp. 


Colombia.—Production of gold decreased 8 percent to 399,900 ounces. 
South American Gold & Platinum Co. recovered 156,300 ounces of 
gold from dredging operations and underground mining, about 6 per- 
cent less than in 1960. In dredging operations, the volume of gravel 
treated increased 5 percent, but the average grade declined; in under- 
ground mining operations, the tonnage of ore milled decreased, but the 
average grade increased. 
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Six dredges were operated throughout the year, four in the Choco 
district and two in Narino. Dredging reserves at yearend were esti- 
mated at 64.2 million cubic yards, averaging 17.4 cents a yard, com- 
pared with 64.4 million yards averaging 20.0 cents in 1960. Under- 
ground reserves increased to 539,000 tons averaging 0.69 ounces of 
gold a ton, compared with 414,600 tons averaging 0.78 ounces of gold 
a ton in 1960. 

The company sold its gold to the Bank of the Republic or through 
the Colombian Mining Association and received an average of $35.17 
an ounce. 

Ghana.—Gold production reached a record high of 970,140 ounces, 
about 9 percent more than in 1960. Ashanti Goldfields Corp., Ltd., 
the leading producer, continued to increase its gold out put for the fifth 
consecutive year, establishing a new high of 380,780 ounces valued at 
$13.3 million, nearly 40 percent of the country’s total production. The 
company reported ore reserves of 3 million tons, averaging 0.94 ounces 
a ton, and a total value of $98 million. Operating costs were about 
$12.40 a ton. Output of gold by „ Blanket Areas, Ariston 
Gold Mines, Bikiani, Konongo, and Bremani declined, but increased 
production was reported by Ghana Main Reef. 

India.—Continuing the declining trend existing since 1954, gold out- 
ut dropped to 156,500 ounces, the lowest since 1916. The state-owned 
Tolar Gold Mines, which produce most of India’s gold, were paid a 

subsidy by the Central Government to meet the ditference between 
production costs and the international price of $35 an ounce. Ar 
rangements were made for the Government of India to take over the 
mines from the Mysore Government. Mining methods and problems 
of ground support and ventilation in the deep mines of the Kolar Gold 
Field were described." 

Philippines.—Out put of gold, the most important Philippine mineral 
commodity, rose 3 percent to 423,980 ounces valued at $14.8 million. 
Beguet Consolidated, the largest operator, produced about half of the 
total production. A bill extending Government subsidies to gold 
»roducers to mid-1964 was passed by the Philippine Congress in June. 
The subsidy bill provides for payments at rates ranging from P155 
to P170 an ounce on gold ld. to the Central Bank, approximately 
equivalent to $43 to $47 an ounce. The bill also directs that subsidy 
payments be made from taxes paid by gold producers. 

Rhodesia and Nyasaland, Federation of.—Output of gold in Southern 
Rhodesia rose to a 17-year high of 570,100 ounces. The higher output 
was attributed largely to the mining of richer ore to otfset rising costs. 
The Cam and Motor mine of Rio Tinto, the largest gold producers, 
reduced its operations one-third to extend the life of the mine. 
Monthly tonnage was lowered from 25,000 to 17,000. Rhodesian Corp., 
Ltd., closed the Fred and Redwing mines in the Bulaways district, as 
minable reserves were nearly depleted and working conditions had 
become unsafe. The Phoenix Prince mine in the Salisbury district 
also was closed. The Dolny mine reported increased ore reserves. 

The Southern Rhodesia Legislative Assembly continued to pay a 
subsidy of $4.20 a ton on arsenical ores treated in its roasting plant. 

H South le Gold & Platinum Co., 45th Ann. Rept. 1961, pp. 17, 


19. 
v Tavlor, J. T. M. Mining Practice on the Kolar Gold Meld, India. Inst. Min. and 
vr Bull (London), vol. 70. No. 656, July 1961, pp. 925—604. 
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Union of South Africa.—Production of gold rose for the tenth suc- 
cessive year, setting a new record of 22.9 million ounces valued at $803 
million, 7 percent more than in 1960. As in preceding years, the 
production gain reflected an increase in tons milled and in average 

ade of ore, particularly at newer mines in the Far West Rand and 

erksdorp areas of the Transvaal and in the Orange Free State. The 
supply of both European and African labor continued to improve; 
‘Adrican labor was adequate to meet the requirements of the gold min- 
ing industry. The average number of employees was 49,150 Europeans 
and 399,000 Africans. Working profit on gold and uranium increased 
$13.2 million to $369.6 million. The estimated reserve of minable ore 
was 163.6 million tons et e 0.38 ounce a ton. 

Anglo American Corp. o South Africa, Ltd., reported that its 
group of mines produced 7.1 million ounces of gold, 32 percent of the 
total produced in the Union of South Africa and 20 percent of the 

old produced in the free world. The company reported that Western 
Reefs Exploration and Development Co., Ltd. established a world 
shaft-sinking record by an advance of 1,118 feet in a month.!“ 

Consolidated Gold Fields of South Africa, Ltd., reported that its 
Gold Fields” group of companies continued to expand output of gold 
and uranium; several mines reported record outputs and profits. ‘The 
Gold Fields’ group milled 12.1 million tons of ore, yielding 0.33 ounce 
a ton, at a cost of $21.51 an ounce.'^ Doornfontein Gold Mining Co., 
Ltd., increased production and grade of ore and reduced operating 
costs. The company reported 1.3 million tons milled, averaging about 
0.41 ounce a ton, at a cost of $19.88 an ounce. West Driefontein Gold 
Mining Co., the world’s leading gold producer, increased its ore output 
to 1.6 million tons and dd operating costs to $10.64 an ounce. 
Working profit of US$38.4 million was a world record for a gold 
mining company. Ore reserves on the Carbon Leader were unchanged 
at 3.4 million tons, averaging 0.78 ounce a ton gold and 0.24 pound 
uranium oxide per ton. An additional 700,000 tons of ore, aver- 
aging 0.49 ounce a ton, was developed on the Ventersdorp Contact 

eef. 


Union Corp., Ltd., reported that its companies milled 10.5 million 
tons of ore, yielding $9.07 a ton, at a working cost of US$5.56 a ton.“ 
representing a moderate increase in quantity, grade, and cost over 
1960. Ore reserves totaled 32.2 million tons averaging 0.29 ounce a 
ton, also moderately higher, both in qna and grade, than at the 
end of 1960. Grootvlei Proprietary Mines on the East Rand milled 
2.6 million tons of ore, yielding 0.21 ounce a ton, at a cost of $4.41 a 
ton and reported an ore reserve of 10.8 million tons, averaging 0.21 
ounce a ton across a stopeing width of 50 inches. Operating results 
for the past 5 years at St. Helena Gold Mines in the Orange Free State 
showed a continuous rise in tons milled, grade of ore, and yield of gold. 
In 1961, 2.2 million tons of ore was milled, averaging 0.35 ounce a 
ton, at a cost of $5.96 a ton. Ore reserves totaled 6 million tons aver- 
aging 0.44 ounce a ton across a stoping width of 57 inches. 


15 Anglo American Corp. of South Africa, Ltd. 45th Annual Report. 1961, pP- 8, 9. 
38 The Consolidated Gold Fields of South Africa, Ltd. 74th Annual Report. 1961, p. 24. 
5 Ag on Corp. Ltd. Reports and Accounts for the Year Ended 81st December, 1961. 
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TABLE 16.—Union of South Africa: Salient statistics of the gold mining industry 


1952-56 1957 1958 1959 1960 1961 
(average) 

Ore milled...............- thousand tons..| 63,057 66, 114 65, 542 70, 479 71,259 67, 365 
Gold recovered....thousand troy ounces.. 13,082 | 116,541 | 117,666 | 120,067 | ! 21,386 1 22, 942 
Gold recovered..........- ounces per ton.. 0. 206 . 250 . 261 .278 . 203 . 130 
Working revenue (gold)...... thousands..| $458,088 | $595,271 | $613,650 | $700,426 | $750,550 

Working revenue per ton milled.......... 7.21 8. 80 9. 21 9. 79 10. 39 11. 49 
Working cost thousands. ] 340,587 | 419,642 | 430,715 | 448,130 | 464, 386 476, 208 
Working cost per ton 5.39 6. 35 6. 57 6. 35 6. 51 7.06 
Working cost per ounce of gold 26. 25 25. 38 25. 03 22. 74 22. 13 21. 63 


Estimated working profit from gold 
thousands..| 114,541 | 161,934 | 171,797 | 241,019 | 274,341 297, 685 


NG BEE “!... LEE 1.76 2. 45 2.04 8. 44 8.87 4.44 
Tons treated for uranium !....thousands.. 8, 968 22, 364 24, 297 24, 658 24, 781 17,093 
Uranium oxide recovered 
thousand pounds.. 3, 960 11, 408 12, 497 12, 889 12, 817 10, 937 

Uranium oxide recovered 
pounds per ton.. . 479 . 510 . 514 . 523 . 517 . 637 
Estimated uranium profits. thousands. . $29,276 | $93,263 | $105,678 | $76,268 | $77,033 $67, 136 
Dividends. do 60, 741 102. 758 119, 199 127, 040 131. 528 141, 621 


1 Includes gold produced by nonmembers of Chamber of Mines. 
Source: Transvaal Chamber of Mines and Orange Free State Chamber of Mines. 


TECHNOLOGY 


Mechanization and automation in the gold recovery plants on the 
Rand in the Union of South Africa reduced operating costs and 
extended the life of the older mines. At E.R.P.M. mines, automatic 
titrators, testing various plant solutions for cyanide and lime, regu- 
lated the addition of these reagents. These titrations were done at 
preset intervals, and results were recorded on circular charts; pneu- 
matic signals controlled the feed of cyanide and lime. Adoption of 
the Steller filter and the introduction of electrically heated calcining 
furnaces to replace coal-fired furnaces increased efficiency of opera- 
tions and reduced costs at some plants.!“ 

Pilot-plant tests to recover gold from pulp electrolytically indicated 
that the filtration, clarification, and precipitation steps may be 
eliminated and gold losses in solution thereby reduced.“ 

Innovations in small-scale placer-mining methods, particularly the 
adoption of skindiving equipment and various suction devices for 
elevating gold-bearing gravel from stream bottoms to portable sluices, 
provided an effective means of reworking areas previously abandoned. 

The replacement of sandfill by hydraulic fill, the adoption of 
natural-gas-fired boilers to replace coal-fired equipment, and the 
installation of automatically controlled crushing equipment increased 
efficiency and lowered operating costs at Dome mines. 

The devolpment of a method of plating gold on molybdenum to 
replace mechanical coating methods was announced by Platronics, 
Inc., at Linden, N. J. The application of the process may reduce the 


18 Chemical Trade Journal and Chemical Engineering (London). Gold Recovery Today. 
V. 149, No. 3877, Sept. 22, 1961, p: 647. 

3 South African Mining and Engineering Journal. Recent Advances in Gold Recovery. 
V. 72, pt. 2, No. 3572, July 21, 1961, pp. 123, 125, 127. 

Northern Miner (Toronto). Dome Reaps Benefits from Improvements in Mine Opera- 
tion. V. 47, No. 25, Sept. 14, 1961, pp. 1-9. 
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cost of molybdenum discs used in electronic components. Gold elec- 
troplating may also be applied to silicon, germanium, and other semi- 
conductor materials for brazing.?* 

A patent? was issued for a process of extracting a precious metal 
compound from an aqueous solution of a salt of the precious metal, 
using a water-insoluble macromolecular organic compound, such as 
paracyanogen, polymethacrylonitrile, or polyacrylonitrile, as a selec- 
tive reagent. 

A new electroplating compound, Orotemp 24, was developed to pro- 
duce stress-free 24-karat deposits on ferroalloys used in transistors and 
printed circuits. The deposit is extremely ductile and has high 
resistance to corrosion at elevated temperatures. 

Papers presented at the Seventh Commonwealth Mining and Metal- 
lurgical Congress in Johannesburg, Union of South Africa, in April 
1961, discussed many recent advances in mining and processing of 
gold ores in South Africa.” 

Investigations of a resin-in-pulp ion-exchange process for treatin 
cyanide-leached gold-bearing pulps indicated that when it is us 
in conjunction with a technique known as dynamic electrolution, the 
process may be economically feasible on clean gold ores.* The poten- 
tial value of the process 1s enhanced for treating ores difficult to 
filter, for the filtration step is eliminated. 

Fluid-bed roasting of flotation concentrate for subsequent treat- 
ment by cyanidation increased overall recovery of gold from arseno- 
pyrite ores at three mines in the Red Lake Camp of Ontario. The 
roasting techniques and operating details, which increased overall 
recovery 10 percent to more than 90 percent, were described.“ 

A new solution, developed for electroless deposition of gold con- 
taining potassium gold cyanide, citric acid, tungstic acid, and N, 
N-diethylglycine sodium salt, was evaluated, and the optimum oper- 
ating conditions were described.“ 

A method of treating small quantities of flotation concentrate and 
amalgamation residue at isolated gold mines by batch cyanidation to 
recover and convert the contained gold into bullion was described. 


n American Metal Market. Gold Plating on Molybdenum Developed. V. 68, No. 243, 
Dec. 20, 1961, p. 14. 

33 Volker, T., and H. Zima (assigned to Rohm € Haas, Darmstadt, Germany). Extrac- 
tion of Precious Metal Compounds From an Aqueous Solution. U.S. Patent 3,006,756, 
Oct. 31, 1961. 

22 Chemical Engineering. Gold Electroplating. V. 68, No. 19, Sept. 18, 1961, pp. 84-86. 

* Krige, D. G. Developments in the Valuation of Gold Mining Properties from Borehole 
Results. Trans. Seventh Commonwealth Min. & Met. Cong., v. 2, 1961, pp. 537-501. 

Barcza, M., and J. deV. Lambrechts. Ventilation and Air Conditioning Practice in 
Pouri African Gold Mines. Trans. Seventh Commonwealth Min. & Met. Cong., v. 2, 1961, 

D 5— 4 LJ 
PP ichel H. S., and R. 8t.J. Rowland. Recent Advances in Mine Sampling and Under- 

ound Valuation Practice in South African Gold Fields. Trans. Seventh Commonwealth 
Erin. & Met. Cong., v. 2, 1961, pp. 563-586. 

Jackson, O. A. E. A Review of Modern GE Practice at the South African Gold 
3 p anum Mines. Trans. Seventh Commonwealth Min. & Met. Cong., v. 3, 1961, pp. 

ke í V. 

Douglas, J. K. E., and A. T. Moir. A Review of the South African Gold Recove 
Practice. Trans. Seventh Commonwealth Min. & Met. Cong., v. 3, 1961, pp. 971-1003. 

* Davison, J., F. Read, F. D. L. Noakes, and T. V. Arden. Ion Exchange for Gold 
Recovery. Trans. Inst. Min. and Met., v. 70, pt. 5, 1960-61, pp. 247-290. 

3 Wright, K. P. Fluid-Bed Roasting Practice in the Red Lake Camp. Canadian Min. 
and Met. Bull., v. 54, No. 592. August 1961, pp. 595-600. 

27 Walton, Robert. Electroless Deposition of Gold from agucoue Solution on Base Metals. 
J. Electrochem. Soe, v. 108, No. 8, August 1961, pp. 787-774. 

22 Deco Trefoll. Batch Cyanidation of Concentrates. V. 25, No. 5, November-December 
1961, pp. 15-16. 
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An automatic gold-plating process, designed to improve printed 
circuits for modular systems, was described.“ The process, which 
plates contact tabs, is capable of plating more than 100,000 circuit 
cards per day. 

A new 24-karat neutral gold salt (Orotemp 24) was developed by 
Technic, Inc., Providence, R.I., for gold plating transistor headers 
and printed circuit boards. The com any stated that the new salts 
produced a stress-free, ultra-pure 24-karat satin bright, extremely 
ductile, fine-grained deposit having exceptional heat corrosion 
resistance.“ 

A high-purity gold boron alloy was Seite ae ass for the manufacture 
of silicon transistors by Alloys Unlimited, Inc., Long Island City, 
N.Y., a supplier of materials and subcomponents for the semicon- 
ductor industry. The alloy can be clad to 2/10 mil on a suitable 
substrate, and it can be used in wire for fabricating gold-bonded sili- 
con diodes. The company also reported that it had developed a gold- 
tin laminate for bonding silicon diodes to the dumet stud of the 
conventional glass diode package in one operation. The new laminate 
was reported to have advantages over conventional alloys for this 


Closed-circuit television equipment was installed at the Harte- 
beestfontein gold mine in the Transvaal to aid mining operations. 
Cameras installed to monitor loading operations at the "ib le in the 
No. 4 shaft and skip loading in the No. 2 shaft enable hoisting crews 
to observe these operations and thus contribute to increased efficiency 
and safety.*? 


2 Iron Age. Automatic Lines Deposit Gold on Printed-Circuit Cards. V. 188, No. 24, 
Dec. 14, 1961, pp. 114-115. 

e Electronic News. Materials. V. 12 278. Aug. 28, 1961. p: 30. 

m American Metal Market. Newer Metals Making High-Purity Gold Boron. V. 68, No. 
221. Nov. 17, 1961, p. 14. 

33 Mining Magazine (London), v. 106, No. 3, March 1962, p. 130. 


Graphite 
By Harold J. Drake* and Betty Ann Brett? 


P 


ORLD PRODUCTION of natural graphite decreased in 1961. 
We: ublic of Korea was the leading producer in the free world, 
followed by Austria and Mexico. The decreased world pro- 
duction was attributed to the major decline in output of Mexican 


graphite. 
TABLE 1.—8alient graphite statistics 


eee | a | A a —Uů“j—— — — 


United States: 
Consumption.............short tons. 36, 100 41, 000 28, 800 40, 200 37, 300 35, 700 
Value thousands. $5,085 $5, 568 $3, 972 $5, 395 $4, 773 $4, 651 
Imports for consumption..short tons..| 40,300 41, 500 27, 100 37,000 | ! 48,300 29, 700 
Value thousands. $2,586 $2, 107 $1, 203 $1,527 | 1$1,755 $1, 332 
FF short tons 1, 400 1, 300 1, 200 1, 400 1, 900 1, 600 
CHE ousa 175 $226 193 $222 $289 $257 
World: Production.......... short tons 235,000 | 410,000 | 350,000 | 410,000 | 465,000 450, 000 


1 Revised figure. 


DOMESTIC PRODUCTION 


Crystalline flake graphite was produced by Southwestern Graphite 
Co. at Burnet, Tex., and by Graphite Corporation of America at 
Chester Springs, Pa. 

Manufactu (artificial) graphite products were produced by 
National Carbon Co., Division of Union Carbide Corp., Niagara 
Falls, N.Y., Clarksburg, W. Va., and Columbia, Tenn.; by Great 
Lakes Carbon ar iagara Falls, N.Y., Morganton, N.C., and 
Antelope Valley, alif ; International Graphite & Electrode Divi- 
sion, Speer Carbon Co., St. Marys, Pa., and Niagara Falls, N.Y.; 
and Stackpole Carbon Co, St. Marys, Pa. The Dow Chemical Co. 
produced graphite anodes for its own use at Midland, Mich. 


CONSUMPTION AND USES 


Domestic consumption of natural graphite in 1961 decreased 
slightly. Use of graphite for batteries, carbon brushes, crucibles, 
and refractories increased, but for other purposes declined. The 


2 Commodity specialist, Division of Minerals. 
2 Statistical clerk, Division of Minerals. 


619 


620 MINERALS YEARBOOK, 1961 


eatest decline in a major use, 11 percent, was in foundry facings. 
Grucibles, foundry a lubricants, pencils, refractories, and steel- 
making used 89 percent o the total consumption. 


TABLE 2.—Consumption of natural graphite in the United States 


Year Short tons Value Year Short tons Value 
1952-56 (average) 36, 096 | $5,084, 8001959. 40, 239 394, 800 
IER 41,020 | 5,568,000 || 1960 37, 289 4, 773, 400 
777. 8 823 | 3,971,800 || 1961. «n 35, 652 4, 651, 200 


TABLE 3.—Consumption of natural graphite in the United States in 1961, 


by uses 
Crystalline flake Ceylon Other Total 
amorphous amorphous ! 
Use 
Short 
to 

Batteries 
Bearing 6 2. 960 $25, 819 
Brake linings............... : 64, 638 
Carbon hrushes............ 307 162, 491 
Crucibles, retorts, stoppers, 

sleeves, and nozzles....... 
Foundry facings............ 50 : 84, 308 
Lubricants................. 254, 971 
Pucking 29 | 19,365 
Paints and pollsies........—] E, 2e A rnm ree 
Pencils..................... 152, 859 
Refractories...............- K 19 

obe UE ES 
5teelmaking................ 


Olherk uu sosenecil 229 i 14, 819 
Total... 790, 224 2, 310, 581 4, 651, 167 


Includes small quantities of crystalline flake and Ceylon amorphous, and mixtures of natural and 
manufactured graphite. 

2 Includes some amorphous. 

3 Includes adhesives, carbon resistors, catalyst manufacture, chemicalequipment and processes, electrodes, 
electronic products, powdered-metal parts, specialties, and other uses not specified. 


STOCKS 


The Office of Emergency Planning released the quantities in short 
dry tons of natural graphite in Government stockpiles. The national 
(strategic) stockpile contained 4,500 tons of Ceylon amorphous lum 
graphite; the Commodity Credit Corporation and the supplementa 
stockpile contained 1,400 tons. The national stockpile contained 
33,000 tons of Malagasy Republic crystalline graphite. Graphite 
other than Ceylon amorphous and Malagasy Republic crystalline 
amounted to 4,800 tons, all in the national stockpile. 
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PRICES 


Published prices for graphite merely indicate the range of prices; 
actual prices are negotiated between buyer and seller on the basis 
of a wide range of specifications. 

Prices quoted per pound of crystalline graphite by Oil, Paint and 
Drug Reporter were as follows: 88 to 90 percent carbon, 19 to 21% 
cents; 90 to 92 percent carbon, 21 to 241% cents; 95 to 97 percent 
carbon, 29 to 3115 cents; and No. 1 flake, 90 to 95 percent carbon, 
29 to 31 cents. ‘Amorphous graphite prices per pound are shown 
by this publication as 6 to 914 cents. 

Prices shown by E&MJ Metal and Mineral Markets were: Flake 
and 9 O graphite. f.o.b. source, bags, per metric ton, Malagasy 
Republic, $70 to $200; Norway, $80 to $140; and West Germany, 
$110 to $320. Ceylon graphite was listed at $95 to $250 per long ton. 
Amorphous graphite was quoted as follows: Mexico (bulk) per metric 
ton, $17 to $20; Republic of Korea (bulk) per metric ton, $15; and 
Hong Kong (bags) per long ton, $21. 


FOREIGN TRADE* 


Imports for consumption decreased markedly. Mexico, West Ger- 
many, Norway, Ceylon, and Hong Kong reported decreases, and of 
the major suppliers only Malagasy Republic reported an increase. 
The total decline in imports was nearly equivalent to the decrease in 
graphite imported from Mexico. 

Exports of natural graphite declined but remained relatively high. 

8 Figures on imports and exports compiled by Mae B. Price and a Jackson, Divi- 


sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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TABLE 4.—U.8. imports for consumption of natural and artificial graphite, 


by countries 
Crystalline Amorphous 
Total 

Year and country Natural Artificial 

Short] Value | Short | Value 

tons 
1952-56 (average)....|8, 578 233 |$36,458 137, 296 
Moi a , 456 „ 47 |14. 870 |36, 019 
1958: ee 2.905 | 358. 101 |21. 890 |24, 036 
poo 8 94 |23, 968 |31, 741 


PP UE 


Mexico . »|....... 138,013 
urope 
Francde . 40 | 3, 47( 44 44 ꝗ 4 ꝗ --...]- uu d 
Germany, West. 121 136, 727 
Norway EUN, H „ sedses 037 
29197191 Ta BEE, VE, AAA A e, EE |20022202- 
Asia: 
Ceylon. AAA GE, GE, DEE, AA 2, 836 
Hong KONG A O EE A ME 2, 027 
India —— ee em e em ep e le —ᷣ ep le e e ep ep e a ge ep e le eege eleeeeege 1 
TurKkey...------| % O A A A A 
Africa: 
British East 
y e AAA A A 8 124 
Malagasy 
Republic......[3, |. „ A o ene en PA omen Ee 


ld | oe eS | ee Y cr 


Germany, West. 
Norwayee 
Sers... EEN 
Asia: 


Malagasy 
Republic. 


Total... oue 4.371 55 |17, 138 |25, 133 


1 Owing to changes in tabulating procedures by the Bureau of the Census, some data known to be not 
comparable with other years. 
3 Revised figure. 


Source: Bureau of the Census. 
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TABLE 5.—U.8. exports of natural graphite, by countries 


Crystalline 
Amorphous wake, amps or | Natural, n. e. e. Total 
Year and destination 
Short | Value 
tons 
North America: 
anada. ..............-....- 723 | $00, 184 
Ti SE EE 35 6, 555 
E! Salvador. ................]........].......... 8 020 
Mexico e... -==> 188 | 33,717 
Netherlands Antillen. ll . (ij 306 
South America 
CET TTT Se e ee ee ee e e een e ` 2 681 
Bolivia A K 3 574 
Brasil.. 279 40,727 
Chile JJ eee ewe Moses 7 2, 141 
Colombta............ A pesi aue 9 2, 718 
Peru RAR 8 1 304 
Venezuela...... CHOR, ² v0 RIED 75 | 15,847 
Europe: 
Austria as 11 1, 836 
Czechoelovakia....... 3 12 1. 978 
Denmark.............. 8 11 1, 836 
Fran 71 15, 091 
Germany, West d 9 1, 526 
LÉI EE We IR GE, OA 3 1,978 
Italy........... 5 1 808 
Netherlands. 4 . 4 (1) 620 
Sweden 5 952 
United Kingdom............ 317 | 48,030 
JC 25 4, 480 
Pakistan. 770 4 770 
EE Ee 1, 708 45 | 11,924 
Saudi Arabia 4 „ (1) 408 
Anica Uniad Meh Raabe Wee Seed | DEE S Wan 
ca: 
e A RE, EE? EE AA 5 15 1,911 
Oceania: Australien (i) 271 
To can ati 1,855 | 289, 107 
1961: 
North America: 
PCC 574 81, 654 
Costa Rica............... 443 e e 1 
Dcminican RepublHc........]....--..].-........ 208 1 208 
EI Salvador 4 4 A " 7 1, 335 
Guateniale. 333 1 202 
Mexico 101 25, 042 
ĩ?[ q ð , ⁊ ᷣ xp ß 10 4, 292 
BBl AA AAA A HE 4 678 
EE 225| 34,343 
Colombin 21 4, 638 
TT AA . ß dee E 410 
at DEE, EH, PA (5) 216 
Venezuela... e ue 20 4, 704 
Europe: 
Czechoslovakla 11 2. 020 
France 6. 085 68 | 12,350 
Germany, West 9 1, 358 
Netherlands. AAA A ⁵ ⅛˙ A PE 1 620 
weden 2 935 
Witter “éZ—˙GA i ³ ↄ é dd ⅛ð« dd SA 1 540 
United Kingdom— 446 | 64,848 
a: 
Ida ³ĩð y 2 28 5, 670 
Korea, Republie o (1) 125 
SO eg 15 6 48 
IG ³ A 8 , 
Bau af - D ee gar uu» ab d ege leet ee e 92 6 leeege fr e a o a a (1) 228 
Oceania: Australía............ 13 2, 886 
Tell. 3 1, 558 | 256, 061 
[OE emu 
Lees than 1 ton. 


Source: Bureau of the Census. 


624 MINERALS YEARBOOK, 1961 


WORLD REVIEW 


World production of natural graphite decreased 3 percent from 
the peak of 1960. Of the major zm ucing countries, increased pro- 
duction was reported in West Germany and Malagasy Republic, and 
decreased output was reported in Mexico, Austria, Ceylon, and 
Republic of Korea. 


TABLE 6.— World production of natural graphite, by countries 
(Short tons) 


North America: 
Canad. ̃ ˙·⸗ꝛAA2 %u. O e ·o·⸗ꝛꝛ q AA 3 
Eet tee ]ĩ⅛ Ä. ĩðͤ 2. 3 21, 500 
United States (9) 
South America 
PS s 550 3 550 
Hrütlb. o ei Segre Ong eee en 433 OO) 
Europe: 
Te EEN 043 89, 255 
Germany, West 768 3 13, 600 
EEN 4, 098 4, 494 
Norway meer 6, 589 3 6, 600 
Spas fe hte OE 288 3 330 
Heeden. o. 3 700 3 700 
.S. S. R. 50, 50, 000 55, 000 
Yugoslavia EE 1. 3 1, 100 $1,100 
Ceylon (exports) 9, 10, 107 10, 016 
3) 8 (6) 45, 000 45, 000 
Heng Kong 3 703 4, 255 1,965 
E AA A (6) (°) (°) 
CH, AA ER WCCORE §, 272 4,979 3, 811 
Kora: 
Beete 34, 969 000 3 55, 000 3 55, 000 
Repubiie of 162, 703 806 101, 722 97, 542 
E EE 2, 750 915 550 3 550 
Aie. 
2322 POOR 8 1. 056 1. . 
16, 989 16, 3 17,000 
South-West Africa....................| ` 488 |..........]..........|.......... |... len 
II. ⅛ ò KVV ov 40 [52222220 sw Ter v. |... ES 
Union of South Africa 1,750 894 903 
Oceania: Australia ME E A E AR WEE 


S 
S 


1 Graphite bag been produced in Czechoslovakia, but production data are not available; estimates by 

senior author of chapter included in total. 
3 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
wee HUM figures are included in the detail. 
Est 

4 Average annual production 1952-53. 

§ Figure withheld to avoid disclosing individual company confidential data, included in world total. 

* Data not available; estimate by bl author of chapter included in total. 

7 Average annual production 1 


Compiled by Helen L. Hunt, Division of Foreign Activities. 


Australia.—A graphite deposit about 30 miles from Cloncurry, 
Queensland, was reported to contain a large reserve. The deposit 
was to be mined by open-pit methods, and the product was to be 
exported to India.‘ 

razil.— Production of graphite in recent years had been limited to 
Minas Gerais although occurrence of the mineral is widespread 


3 Government Nel Journal (Australia). Graphite Find in Cloneurry 
Area. V. 62, No. 716. June 1961, p. 275. 
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throughout the country. The graphite was used principally in pencils, 
foundries, dry cells, and greases.* 
Ceylon.—Total exports of graphite declined slightly. The three ma- 
5 of Ceylon * RA were the United States, the United 
ingdom, and J E e average value per ton based on the first 
9 months increased slightly.* 


TABLE 7.—Ceylon: Exports of graphite by countries 1 


(Short tons) 
Destination 1960 1961 Destination 
North America: ‘ 
Canada............-.- eee Indi. ct choc 8 
United States 2, 380 2, 218 JODGD EE 
Pakistan 
elglum.................. 2 45 Philippines 
Czerhoslovakla........... 158 2 ceania: Australla.......... 
France 224 196 || Other countries............... 
Germany, West 129 55 
Netherlands 79 45 ee 2... 10, 015 
United Kingdom.........- 2, 881 3, 184 


3 This table incorporates some revisions. 
Compiled from Ceylon Customs Returns by Bertha M. Duggan, Division of Foreign Activities 


TABLE 8.—Ceylon: Exports* of graphite to the United States, by grades, in 1961° 


Grade Short tons | Percent of | Value per 
total ton 
97 percent carbon or higher ee eee cece eee 767 45 $142. 10 
90-96 percent carbboHn ce A c cec cc ee aree e ee eese 837 50 103. 87 
Less than 90 percent carbon... c c ccce eee e c eee ee ee nee 84 b 100. 00 
h acetates ee eet AA eed 1, 688 100 121. 05 


3 First 9 months of 1961. 
3 U.S. Embassy, Colombo, Ceylon, State Department Dispatch 32: July 14, 1961, pp. 1-2, State Depart- 
ment Dispatch 235: Oct. 16, 1961, pp. 1-2, State Department Dispatch 914: Apr. 24, 1961, p. 1. 


Hong Kong.—Exploitation of the amorphous graphite deposits on 
West Brother Island continued. Material with a fixed carbon content 
of 75 percent or more was exported, N to the United States. 
Graphite containing less than 50 percent carbon was used as a 
fuel in local brick plants.’ 

India.—The National Physics Laboratory in New Delhi devel- 
oped a beneficiation process for Indian graphites that yields a fine, 
low-ash product. This made possible the use of previously unsuitable 
material in brushes, crucibles, dry cells, and other applications.® 

Korea, Republic of.—In 1960, 55 percent of the 101,000 short tons 
of amorphous (75 percent carbon) and crystalline (80 percent carbon) 
graphite produced was exported. Nearly all the 8 tonnage was 
amorphous and was sent to Japan for use as a fuel. The 700 tons 


8 Bureau of Mines. Mineral Trade Notes. V. 58, No. 5, November 1961, PP. 21-22. 
€ U.S. Embassy, Colombo, Ceylon, State Department er Ti 82: July 14, 1961, Pp. 1-2, 
mate Deparment Dispatch 235: Oct. 16, 1961, pp. 1-2, State Department Dispa 014: 
r. „ p. 1. 
"i Mining Se dE HEEN The Mineral Deposits of Hong Kong. V. 257, No. 6579, 
ept. 22, „ D. i 
d Mining Journal (London). Mining Miscellany. V. 257, No. 6568, July 7, 1961, p. 16. 
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of crystalline flake produced was used in crucibles, steelmaking, and 
other industrial applications.? 

Mexico.—Production of graphite in 1961 declined 43 percent below 
production in 1960. Strikes, increased competition, and rising costa 
ed to the curtailed production.“ One of the effects of the curtailment 
was a decline of 47 percent in exports to the United States. 


TABLE 9.—Malagasy Republic: Exports of graphite, by countries 


(Short tons) 
Destination 1950 1960 Destination 
North America: United States. . Europe—Continued 
Europa: SC ( 
elglum-Lurembour g nited Kingdom............. 
Francs : pet SS EE 
Germany, West nion of South Africa.. 
taly JC ͤ K Australia. ............. 
Netherlands countries 
Ganeee; 
Rumania . ee q A RR caeE 


Compiled from Customs Returns of the Malagasy Republic by Bertha M. Duggan, Division of Foreign 


Activities. 
TECHNOLOGY 


Basic and applied research on oriented graphites continued, with 
considerable emphasis on missile and space-vehicle applications. The 
number of companies producing or investigating these special graph- 
ites is increasing rapidly, which should lead to lower prices and 
applications apart from the space field. 

rmour Research Foundation announced the development of a 
strong, uniform, fine-bodied graphite." The graphite can be loaded 
with 30 percent uranium dicarbide powder, which doubles the strength 
of the graphite matrix. Development of a new nuclear fuel, pyro- 
lytic-graphite-coated uranium dicarbide particles, may lead to the 
elimination of many of the elaborate protective devices in present 
renctors.“ Radioactive byproducts of the fission process are con- 
tained by the impervious graphite and do not contaminate most 
available coolants or the steam produced. 

Graphite, à magnesium oxide, and boron oxide are the components 
of a new neutron shielding material. 

A new process was patented for preparing graphite, in which an 
oxygen-fed, hot, graphitizing zone is moved back and forth over a 
stationary bed of pelleted coke.* Control of the movement of the 
hot zone is maintained by the introduction of hot, inert gases at both 
ends of the reactor. 


è Bureau of Mines. Mineral Trade Notes. V. 58, No. 4, October 1961, pe. 25-268. 

10 Bureau of Mines. Mineral Trade Notes. V. 54, No. 2, February 1962, pp. 20-21. 

a2 Chemical & Engineering News. ARF Makes Strong, Fast-Mold ng Graphite. V. 89, 
No. 33, Aug. 14, 1961, p. 82. 
i i erani Tourter, Fossil Fuel Economy Promised by New Fuel Particles. "V. 77, No. 

„ July 61. p 32. 

12 Smith, Charles R. F., and Edward L. Reed (assigned to North American Aviation, Inc.). 
Graphite Boron Neutron Shielding. U.B. Pat. 2.985,522, June 13, 1961. 

% Carr, Norman L. ER to Pure Oll Company). Graphite Forming Process. U.S. 
Pat. 3.013.864. Dec. 19, 1901. 
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New processes were reported using 10 to 90 percent graphite in 
combination with various metals to form self-lubricating materials,” 
which are expected to be employed in bearings, nuclear devices, 
graphite metal brushes, electrical contacts, and resistance elements. 

A new grade of carbon-graphite material was developed that has 
greater resistance than previous grades to oxidation at higher tem- 
peratures.’ For use in seals, bearings, valves, and other products, 
the material is chemically inert and self-lubricating. 

Semiconducting diamonds were made by subjecting a mixture of 
graphite and a catalyst to pressures of about 1 million psi at tem- 
peratures exceeding 2,000? F. 

A new graphite ubricant was developed using synthetic colloidal 
graphite in a petroleum oil carrier. Another type of graphite lubri- 
cant was introduced for use on conveyors, chains, wire Topes, cranes, 
and large open gears.“ The material is applied with a brush and 

uires no mixing or thinning. 
rch in graphite cloth resulted in tripled strength and doubled 
flexibility.“ Graphite fiber research and development in Japan was 
carried out at Osaka and Yokohama by personnel of major manufac- 
turing concerns.” 

Electrostatic apparatus and the process for the concentration of 
low-grade ores such as graphite were improved.” 

A puer was issued for a method of producing a formed, artificial 
graphite article using comminuted carbon, a carbonizable binder, 
and one or more carbides.” 

An improved method?“ was developed for reacting columbium- 
titanium carbide and graphite to produce a columbium-coated refrac- 
tory, and a method was patented * for treating a graphite body with 
a liquid eutectic mixture of carbon and a metal such as nickel or iron. 


15 Chemical Engineering, Chementator. V. 68, No. 12, June 12, 1961, p; 90. 
N and Mining Journal. Watch These Trends. V. 82, No. 28, July 13, 1961, 


p. 6. 
10 Materials in Design Engineering. Carbon-Graphite Has Improved Properties. V. 53, 
No. 2, Februury 1961, p. 156. 

17 Chemistry and Industry (London). No. 40, Oct. 7, 1961, p. 1624. 

18 King, John L. (assigned to Arthur J. Wiesner, Lyndon Wilson, and Sherwin B. Har- 
ris). Process for Forming a Graphite Lubricant. U.S. Pat. 2,986,519, May 30, 1961. 

Construction Methods and Equipment. Graphite Lubricant for Heavy Equipment. 

V. 43, No. 8, August 1961, p. 154. 

2 Steel. Better Graphite Cloth. V. 149, No. 1, July 3, 1961, p. 53. 

n Chemical Week. echnology Newsletter. V. 89, No. 1 ms 8, 1961, p. 57. 

2 Whipple, E. L. (assigned to Bowen-McLaughlin, Inc.). lectrostatic Separation of 
Minerals. U.S. Pat. 3,009,573, Nov. 21, 1961. 

2 Fisher, Richard 8., and Joseph W. Gartland (assigned to Union Carbide Corporation). 
Production of Artificial Graphite. U.S. Pat. 2,992,901, July 18, 1961. 

Halden, Frank A., William D. Smiley, and Frank M. Hruz (assigned to the U.S. Atomic 
Energy Commission). Process of Coating Graphite With Niobium-Titanium Carbide. U.S. 
Pat. 2,991.192, A 4, 1961. 

% Gurinsky, David H. (assigned to the U.S. Atomic Energy Commission). Method for 
Treating Graphite Product. S. Pat. 2,995,471, Aug. 8, 1961. 


Gypsum 


By William V. Kuster? and Nan C. Jensen? 


P 


LTHOUGH output of gypsum and gypsum products, which is 

A closely allied to the building industry, declined in 1961 from 

the quantity produced in the preceding year, four new plants 

Weis ut 5 to open up new market areas. Imports of gypsum 
also declined. 


TABLE 1.—Salient gypsum statistics 
(Thousand short tons and thousand dollars) 


United 8t "e 


Btates: 
Active establishments 1 
Crude: 3 


Ml.. 


Fe 


E 
— 
xp > 


23% SES g 


E 


ypsum and gypsum products: 
Imports for consumption 


su 
ai 
e 


52: 
882 


1 Each mine, calcining plant, or combination mine and plant is counted as 1 establishment. 
2 Excludes byproduct gypsum. 
3 Revised figure. 


DOMESTIC CONSUMPTION 


Crude.—Domestic gypsum output was 9.5 million short tons, a de- 
crease of 3 percent from 1960. The production rate, low in the 
first three quarters of the year, increased sharply in the fourth quarter. 
Almost three-fourths of the crude gypsum mined in Iowa and Texas 
and one-third of that mined in Michigan was calcined; over half the 
California output was sold uncalcined for agricultural pu s A 
total of 69 mines operated, of which 53 were open pits and 16 were 
underground. Plants with EE equipment operated 39 of the 
mines and furnished 85 percent of the crude gypsum output in 1961. 

Calcined.—Calcined gypsum was produced from domestic and im- 
ported ores by 65 plants that had 282 kettles and other pieces of cal- 
cining equipment. The 8.2 million tons of calcined gypsum, valued 
at $118 million, produced in 1961 was 4 percent below the 1960 output. 

Oil, natural gas, and coa] were the fuels used for calcining gypsum. 


2 Commodity specialist, Division of Minerals. 
® Supervisory statistical assistant, Division of Minerals. 
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TABLE 3.—Crude gypsum mined in the United States, by States 
(Thousand short tons and thousand dollars) 


1960 1961 
Gm Activé | Quintity | val Acti Quantity | Value 
ue ve 
mines mines 
V 1 e $208 1 167 $531 
Oalifornis......................... 13 1,616 3, 687 12 1, 574 3,673 
Colorado. 4 82 296 4 85 320 
Wl. v i b 1,983 5, 428 b 1, 289 5,276 
Michigan. AA ue 4 1,463 5, 609 4 1, 295 5,096 
Nevada— 3 802 2,721 3 729 2, 625 
New Mexico... ce ET 3 55 193 3 105 396 
New Fork 5 EE 5 706 8, 928 5 663 3, 441 
South Dakota. 1111] 33 1 22 89 i 89 
Wyoming. een y Er n Q) ( hata mn” 
m PONS af „ „4 ee er gr o dg eege gg 
E 3 2, 9, 525 24 547 9, 068 
Ital.... 60 9, 825 35, 690 60 9, 500 34, 950 
1 Included with “ Other States.” 


? Includes the forces 1 to avold disclosing Individual con e confidential data: Louisiana, 
; Indiana, hio, Utah, and Wyoming (1961). 
[mines (1001) 2 mines: aba Oklahoma (1960) 5 mines, (1961) 6 6 minas. 


Vi ja, and W 
2 each; Arizona 


og ch SHORT TONS 
l 


LONG-TERM TRENDS 
(MOVING 4-QUARTER TOTALS) 


Crude supply 


Crude mined 


—— 
Colelned production 


QUARTERLY TRENDS 


Crude supply 


RW AD] IS 


— A ARA XD IA 


Calcined produet rude mined 


(/ 


0 


1951 1952 1953 1954 1955 1956 1957 1988 1959 1960 1961 


Jiouxz 1.—Trends of new crude supply, domestic crude mined, and production 
of calcined gypsum, 1951-61, by quarters. 
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TABLE 3.—Calcined gypsum produced in the United States, by States 
(Thousand short tons and thousand dollars) 


Btate Calcining Calcining 
equipment - | Value equipment 
Kettles| Other! 
California.......... 6 $7, 514 18 12 
„CCC 4 797 | 11, 471 2 4 
Michigan 4 b, 887 18 1 
New York......... 7 17, 132 2 6 
ie 3 9 4, 221 9 
AAA 6| 789 12. 48 31 11. 370 22 
Other States 2 31 34 59, 984 100 37 


Total | «| a 824 117,70 22 e 


3 Includes rotary and beehive kilns, grinding-calcining units, Holo-Flites, and Hydrocal cylinders. 

$3 Comprises States and number of plants es follows: Arizona, 1; Colorado, 2; Connecticut, 1; Florida, 
1; Geo 2; Illinois, 1; Indi 3; Kansas, 2; Louisiana (1960) 2, (1961) 3; Maryland, 1; Massachusetts, 
1; Montana, 1; Nevada, 2; New A 1; New Jersey, 2; New Mexico (m0) 1, (1961) 2; Oklahoma, 
1; Pennsylvania, 1; U 2; Virginia, 2; Washington, 1; end Wyoming (1961) 1. 


Mine and Products-Plant Development.—The new plant of Big Horn 
Gypsum Co. at Cody, Wyo., was put on stream. It will employ 
about 100 people and have an ec payroll of over $600,000. The 
manufactured products will be marketed in 12 Northwest and Middle 
West States. 

United States Gypsum Co. formally opened its new plant and mine 
at Sperry, Iowa, on March 29. The plant was to serve a four-State 
area and produce enough ceiling and wall products to construct an 
estimated 40,000 houses each year. The raw gypsum was mined from 
a deposit 600 feet below the surface. Underground, the ore is trans- 
ported by diesel-powered haulage units from the working face toa 
crusher for primary reduction before being skip-hoisted to the surface. 
The plant had facilities for milling, calcining, mixing, and board 
forming. The products were wallboard, sheathing, plaster base lath, 
and other building products. 

One man, one bulldozer, one shift—that’s all it took to provide the 
300 tons of raw gypsum needed each day for the new Kaiser Gypsum 
Co., Inc., plant at Rosario, N. Mex. Kaiser personnel conceived the 
idea of applying ripping to gypsum quarrying. After much experi- 
mentation it was found that a single bulldozer equipped with a 24- 
inch single straight-shank ripper with a narrow point could, in one 
shift, supply enough ore to run the wallboard plant for 24 hours. The 
deposit covers over 50 acres and rises as a sheer cliff about 110 feet 
above the mill site. No overburden occurs above the pure gypsum, 
and the seam, about 100 feet thick, pitches toward the mill at an angle 
of about 12°. The attitude of the bed aids in transporting the pyp- 
sum to the primary crusher at the base of the cliff. The ratio of 
ripping to bulldozing time is about 10:1. The single-roll primary 
crusher, 600 feet from the wallboard plant, normally operates only 
2 hours per shift. A 24-inch conveyor carries the ore from the plant 
stockpile to the secondary crusher, a hammermill with a capacity of 50 
tph. Since the two crushing units are never operated at the same 
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time, one man can control both units. The secondary crusher operates 
about 3 hours per shift. All conveyor belts used in the plant are of 
one width. The crushed material is stored in two bins having a total 
capacity of 175 tons. The 250-foot drier section of the board machine 
was converted from steam to natural gas heat before it was installed at 
Rosario. The calcining section contains three hammer-type impact 
mills and grinds, calcines, and classifies the gypsum in one continuous 
operation. The production schedule for 1961 called for only wall- 
board production. The wallboard was to be marketed throughout 
New Mexico, Colorado, Texas, and adjoining areas. The Rosario 

lant is 215 miles east of U.S. ghway 85, about 42 miles north of 

lbuquerque and 20 miles south of Santa Fe. It is on the main line 
of the Santa Fe railroad, and both power and natural gas lines are 
along Highway 85. Skilled labor was not available in the area. Of 
a total plant force of 100 peu about 75 were Indians from neigh- 
boring Santo Domingo and Coachete pueblos.* 

American Gypsum Co. opened a new wallboard plant at Albu- 

uerque, N. Mex., late in 1960. Since its beginning, the firm had 
shipped products to consumers in Arizona, Colorado, New Mexico, 
Texas, and Wyoming. 

Plans of the Barrett Division, Allied Chemical Corp., to build a 
5 plant at Claymont, Del., announced last year, were 
postponed indefinitely. 

Late in February the new gypsum plant at Bestwall Gypsum Co. 
near Blue Rapids, Kans., went on stream, replacing a plant that had 
been operating since 1896 and that had to be relocated to make way 
for the Tuttle Creek dam and reservoir. This new plant produced 
industrial] and wall plasters as well as sum board and lath. 

Early in September, Bestwall Gypsum Co. opened a new $6.6 million 
wallboard plant adjacent to the new bulk-handling facility of the 
Port of New Orleans. It was the only plant on the new tidewater 
ship channel, a 76-mile waterway linking New Orleans to the Gulf of 
Mexico. The plant facilities included a plaster mill and packaging 
center, a wallboard manufacturing department, warehousing ind 
shipping B a covered storage unit, crushing and screening 
units, transfer towers, and laboratory and office buildings. When in 
full 5 the plant will import 200, 000 tons of gypsum ore 
annually in ship cargos, ranging from 14,000 to 20,000 tons each. The 
plant will have capacity to produce enough wallboard, lath, and 
sheathing for 30,000 homes per year, as well as wall plasters, graded 
commercial rock, and agricultural gypsum. 


CONSUMPTION AND USES 


A paradoxical situation existed in the ratio of building activity to 
sum consumption. The value of new construction put in place in 
the United States rose to a new peak of $57.4 billion in 1961, a 4-per- 
cent increase over 1960, but gypsum consumption declined. After 
annual construction had fluctuated between $54 and $56 billion during 


: 3 Rock Products. Desert Unfolds Its Gypsum Lode. V. 64, No. 2, February 1961, pp. 
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1960 and the early months of 1961, the annual rate abruptly turned 
up in June and approximated or exceeded an annual rate of $59 
billion during the later months of 1961. Both private and public 
construction increased. The physical volume of construction rose 
only slightly less than the value gain of 3 percent between 1960 and 
1961 because construction costs were up less than 1 percent, indicative 
of relative price stability. 

In private construction, the $40.4 billion expended represented a 2- 
percent increase in outlays over 1960. Nonfarm residential building 
activity amounted to $22.5 billion, virtually unchanged from 1960 
despite a 27-percent upturn in hotel and motel construction, a minor 
segment of residential construction. 

otal outlay for public construction at $17 billion in 1961 was up 
7 percent; military facilities, the only major category, did not con- 
tribute to the increase. 

Total private housing starts in 1961 amounted to 1.3 million units. 


TABLE 4.—Gypsum products (made from domestio, imported, and byproduct crude 
gypsum) sold or used in the United States, by uses 


(Thousand short tons and thousand dollars) 


1960 1961 
Use — . 
Quantity Value Quantity Value 
Uncaleined: 
Portland - cement retarder .......................-- 2. 543 $11, 246 2, 763 $11, 791 
Agricultural gypsum 2222222 1. 126 3, 706 1, 088 3, 808 
Other E E 47 534 48 562 
/ ⁵ĩðiN) alos 3, 716 15, 486 3. 899 16, 161 
Caleined: 
Industrial: 
Plate- glass and terra-cotta plasters. ............ 62 895 45 677 
Pottery plasters. s =......- 49 1,057 46 1, 006 
Dental and orthopedic plasters 12 452 13 499 
Industrial molding, art, and casting plasters. 82 1. 527 78 1, 640 
Other industrial uses 2 79 2, 431 76 2, 506 
Total A A A 284 6, 362 258 6, 328 
SSS o o o 
Building: 
Plasters: 
Dase io ci 1,197 20, 524 1, 023 18, 381 
Sanded and premixed perlite.........--...- 584 14, 205 534 12, 957 
To mixing plants 2 33 2 31 
Gaging and molding 128 2, 610 116 2, 386 
Prepared finishes..........................- 12 1, 029 11 961 
o AAA A 407 6, 774 342 5, 619 
Gilli... 8?! 23 2, 371 16 857 
Keene's cement 40 1, 028 35 931 
Total. EE 2, 393 48, 574 2, 079 42, 123 
Prefabricated products . 37,120 290, 768 $7,023 294, 199 
Total DIE elt Steed eege eier 339, 342 336, 322 
Grand total, value A 361, 1000 358, 811 


1 Includes uncalcined gypsum for use as filler and rock dust, in brewer’s fixe, in color manufacture, and 
for unspecified uses, 
2 Includes dead-burned filler, granite polishing, and miscellaneous uses, 
Ide ne filler, patching, painter's, insulating, and unclassifled building plasters, 
xcludes tile, 
5 Includes weight of paper, metal, or other materials, 
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TABLE 5.—Prefabricated products sold or used in the United States, by products 


1960 1961 
Product 
Thousand | Thousand Value Thousand | Thousand Value 
square feet | short tons ! |(thousands)| square feet | short tons ! |(thousands) 
th: 
36-inch 1, 867, 710 1, 410 $49,054 | 1,601, 303 1, 199 $42, 515 
M.-inch 2 42, 510 43 : 44, 203 45 1, 439 
Other EE (8) (3) 956 2 
Pl 1. 910, 220 1. 453 50, 386 1, 646, 462 1, 246 44, 019 
Wallboard: 
M-inch eee 150, 86 4, 596 156, 350 4, 557 
d dl EE EEN 2, 055. 077 1, 578 73, 189 1, 991, 365 1, 522 71, 520 
Irn 3, 300. 650 3, 441 139, 408 3, 483. 983 3, 529 147, 624 
- inch 22 236, 791 310 13, 203 209, 670 391 17, 107 
ieh. 1. 855 1 4, 233 
P ( 5, 834, 593 5, 418 230, 512 | 5, 935, 601 5, 540 241, 182 
Bheath!ng..................... . 185, 326 195 7, 529 180, 589 189 7,011 
Laminated board............. § 4, 652 4 284 14, 691 5 248 
Formboard..................- 47,651 50 2,057 40, 999 43 1, 739 
———_—_ — —————————ÓÁ—M1———ÓÀÀ—Ó] —ę—e—. — — 
Grand total 2... , 982, 442 7, 120 290, 768 7, 808, 342 7, 023 204, 199 


1 Includes weight of paper, metal, or other materials. 

Includes a small amount of M- inch, 38-inch, and 1-inch lath. 

3 A small amount of M- inch included with 34-inch lath. 

Includes a small amount of Ms-inch, 34-inch, 154-inch, and 3-inch wallboard. 

3 Area of component board and not of finished product. 

0 Excludes tile, for which figures are withheld to avoid disclosing individual company confidential data. 


Of the total number of units built, 73 percent were one-family dwell- 
ings, compared with 78 percent in 1960. This was the lowest per- 
centage of one-family units since 1931. At the other end of the scale, 
the number of units in residential structures built for 3 or more fam- 
ilies increased from 18 percent to 23 percent. In both years, two- 
family homes were 4 percent of all new housing units. 

Thus, gypsum building-products sales appeared to be more closel y 
keyed to the single-family type of construction than to the multiple- 
family type. 


STOCKS 


Producers reported that stocks of crude gypsum on hand December 
31 totaled 3.65 million short tons, a slight increase over the 3.4 million 
tons at the end of 1960. 

PRICES 


According to reports from producers the average value of crude 
gypsum mined in (ha United States was $3.68 per short ton, compared 
with $3.63 in 1960. The reported values were not sales prices but 
rather values assigned arbitrarily by producers as a calculated or book 
cost of mining crude gypsum. These assigned values were applied by 
integrated or affiliated organizations where costs varied considerably 
among producers. 

The average value of portland cement retarder was $4.27 per ton, 
& decrease from 1960; average value of agricultura] gypsum increased 
to $3.50. The average value of industrial plasters was 9 percent 
higher, that of building plasters and prefabricated gypsum products 
increased 3 percent. 
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FOREIGN TRADE * 


Imports of crude gypsum decreased 6 percent from 5.3 million 
tons in 1960 to 5.0 million tons. Canada provided 27 percent of the 
total U.S. supply. 


WORLD REVIEW 
NORTH AMERICA 


Canada.—Shipments of crude gypsum decreased 12 percent in 1960 
from the 1959 record of 5,878,630 short tons to 5,161,000 tons. How- 
ever, in 1960 the output value of crude gypsum, at Can$9,308,340, was 
more than 10 percent greater than in 1959, mainly because the average 
value of Nova Scotian crude gypsum increased over the 1959 price of 
$1.28 a short ton to $1.62. 


4 Figures on imports and exports compiled by Mae B. Price and Misie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com- 
merce, Bureau of the Census. 
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TABLE 6.—U.8. imports for consumption of gypsum and gypsum products! 


Crude (including | Ground or calcined | Alabaster 
anhydrite) manufac- 
tures,? 
value 
Short Value (thou- 
Short tons tons (thou- sands) 
sands 


sands) 


3, 592, 710 3 $32 3 $269 
4, 334, 467 3 33 3577 
4, 046, 999 6, 864 612 
6, 131, 625 


4, 967, 061 


1 In addition, Keene’s cement was imported as follows: 1952-56 (average), 3 short tons ($292); 1957-61, 


none. 
2 Includes imports of jet manufactures, which are believed to be negligible. 
3 Data known to be not comparable with other years. 
$ Revised figure. 


Source: Bureau of the Census. 


TABLE 7.—U.8. imports for consumption of crude gypsum (including anhydrite), 
by countries 


(Thousand short tons and thousand dollars) 


1961 


Country 
Quantity Value Quantity Value 

North America: 
hat EE 1 $7, 037 3, 909 $7,127 
Dominican Republic............................... 883 398 1,023 
A A ] —0v k e TREO E E 549 100 284 
FF]Ü EE 521 560 608 
A A 1 8, 990 4, 967 9, 042 
Eüfope AA AN 88 (4) (8) 1 
F; ³˙² A A 1 8, 990 4, 967 9, 043 


1 Revised figure. 

2 1960: United Kingdom; 1961: Italy and United Kingdom. 
$ Less than 1,000 tons. 

$ Less than $1,000, 


Source: Bureau of the Census. 


TABLE 8.—U.8. exports of gypsum and gypsum products 


Plasterboard, wall- 


Crude, crushed, or 
e board, and tile 


calcined 


Year 


1952-56 (average) 
1957 


1 Effective Jan. 1, 1958, plasterboard, wallboard, and tile not separately classified included with “gypsum 
manufactures, n. e. c.“ 


Source: Bureau of the Oensus, 
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Imports of crude gypsum, mostly from Mexico, totaled 60,011 tons 
in 1960. Exports of crude gypsum in 1960 were 4,273,668 tons or 
nearly 12 percent less than in 1959. 

Imports of gypsum products totaled 12,779 tons in 1960; exports 
were 33 tons. 

In Quebec, gypsum occurs on the Magdalen Islands in the Gulf of 
St. Lawrence. The deposits crop out over wide areas and are up to 
50 feet or more in thickness. 


TABLE 9.—World production of gypsum, by countries 


(Thousand short tons) 
1952-56 
Country ! (average)| 1057 1958 1959 1960 1961 
North America: 
Canada ARA ß 4, 203 4, 707 3, 977 5, 983 5, 093 5, 015 
CUO. AA AAA 432 4 45 4 45 4 45 (5) (8 
Dominican Republic. 42 80 84 175 358 4 330 
Guatemala................. A 13 18 20 16 13 
ER, ENT A E 110 212 645 §25 276 109 
Derio 8 (8) 900 821 913 871 857 
e 71 3 3 7 47 
United States 9, 341 9, 195 9, 600 10, 900 9, 825 9, 500 
Total EE Epi E eua 14, 280 15, 155 15, 193 18, 566 16, 446 15, 831 
Bouth America: 
ens A 168 169 196 127 $ 121 4 121 
Brazil A A A enS t endean 104 121 143 202 114 4110 
Chile „„ a PON a 83 4 66 4 55 87 
Colombia 22 4 66 66 77 83 4 83 
a AA a D eee EE EE 65 70 69 61 90 65 
Venezuela mee "2022.2020 C PETO 41 6 8 
"TOUS! KEE 442 492 §29 555 459 475 
Euro 
e . 379 579 597 621 730 750 
Czechoslovakia. eene eu ue 149 233 6 233 4 233 4 233 ‘ 
France, (salable) 3....................- 3, 502 4, 028 4, 046 4, 126 4,249 4 4, 245 
many: 
East EE 217 255 240 279 4275 4 275 
Wes EE 938 982 958 1, 058 1, 152 41,213 
• EE 16 6 24 439 ‘ 
Fl EE 116 131 116 141 164 4 165 
GE EE 823 1, 053 1, 366 2, 184 2, 205 4 2, 205 
Luxembourg ee coe 5 49 49 
O A ³ 284 $ 390 4 390 4 390 4 440 4 470 
IIA AAA IA 54 71 60 4 
TA EE 1, 267 1, 538 2, 104 2, 357 4 2, 360 4 2, 360 
Switzerland 184 259 99 4110 4110 411 
NA MI ee 2,873 $ 3, 860 4 3, 860 $ 3, 860 4 4, 500 $ 5, 000 
United Kingdom 2. 9, 154 8, 751 8, 641 3, 794 4, 026 4, 102 
Yuüroslavia. Lc ceenacoee scena See 75 93 84 102 117 138 
Total iia ass 14, 130 17, 330 17, 920 19, 455 20,775 21, 475 
Asia: 
ss A E A A ̃ 2 1 $1 
Senn 5 (3 1 (5 c re 
Chin. EEN 390 440 550 660 §50 
Cyprus EEN 175 160 155 217 220 220 
JJ ͤͤ 706 1. 033 876 945 1, 099 953 
Iran A EE 365 550 415 440 440 440 
O AA 88 275 440 440 440 440 ( 
Israel Ee 39 56 44 66 66 44 
JADEN EE e 337 527 528 596 810 798 
e eeu 34 72 74 109 100 112 
E WEE, AA 8 2 2 10 9 
air sa aa d wamces 8 7 11 11 12 13 
ee . PA 2 10 9 16 13 
IJ ⁰¹ AA Mecuees 23 4 42 50 457 67 4 66 
United Arab Republic (Syria) 13. 2 42 43 47 15 4 15 
Total do ——À D (— 2, 136 8, 282 8, 048 8, 451 3, 956 8, 674 
I—W——€WZAA——B|—ÓRRRMÁ———I———————————B|IÉI—A—————|IAM—Á——-— ——— 


See footnotes at end of table. 
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TABLE 9.—World production of gypsum, by countries **—Continued 


(Thousand short tons) 
1952-56 
Country ! (average)| 1957 1958 1959 1960 1961 
Africa 

Aer... A 91 4 84 140 189 180 4 175 
e A 10 8 5 15 411 $11 

Congo, Republic of the (formerly 
Reid 8 12 Ot cece EEI 
Kenyad.. AA A AO 1 5 12 15 19 22 
Mere 8 18 428 4 28 4 28 4 28 4 28 
All a 4 42 42 $2 AA 6 
Tanvanyika. EEN 5 11 10 8 1 
TUNISIA IA A as 27 18 18 13 413 413 
Union of South Africa................ 178 180 256 224 216 191 
United Arab Republic (Egypt)....... 188 512 584 877 441 4 440 
Mf ¹ð¹L ³⁰¹¹ ewe 530 860 1, 066 1, 071 913 887 
rr Kl Eee — eee 

Oceania 

Austr.. 461 536 566 579 651 604 
Neon d . WEE eee ic] DEENS Se 
! ˙·w EE 467 536 566 579 651 694 
World total (estimate) !*........... 31, 985 37, 655 38, 320 43, 680 43, 200 43, 035 


1 Gypsum is produced in morer and Rumania, but production data are not available; estimates for 
these countries are included in the totals. Production in Ecuador, Finland, and Korea is negligible. 

3 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated ficures are included in the detail. 

3 Includes anbydrite. 

4 Estímato. 

Data not available; no estimate included in total. 

* Data not available; estimate by senior author of chapter included tn total. 

? One year only as 1956 was first year of commercial production. 

3 Less than 500 tons. 

* Crude production estimates based on calcined figures. 

10 Crude production for use in the construction industries only. In addition, substantial tonnages of 
gypsum are used in agriculture. 

11 Year ended March 20 of year following that stated. 

u Some pure; some 60 percent gypsum and 20 percent limestone. 


Compiled by Helen L. Hunt, Division of Foreign Activities. 


In Ontario, the chief deposits are in the Moose River area, in the 
northeast, and in the Grand River area, south and west of Hamilton. 
The Moose River deposits, 15 to 20 feet thick, are usually covered by 
10 to 30 feet of overburden; those in the Grand River area are thin 
and lenslike and occur at depths up to 200 feet. 

Large gypsum deposits occur in both Manitoba and Alberta. In 
Manitoba, the main deposits are at Gypsumville, where beds 30 feet 
or more thick are exposed, and at Amaranth, where a 40-foot seam 
occurs at a depth of 100 feet. In Alberta, the main deposits are in 
Wood Buffalo Park where gypsum crops out along the banks of the 
Peace River between Peace Point and Little Rapids. Gypsum also 
occurs along the banks of the Slave and Salt Rivers north and west of 
Fort Fitzgearld, and narrow seams of gypsum have been found inter- 
bedded with anhydrite at a depth of 500 feet near McMurray, in the 
northeastern part of Alberta. 

In British Columbia the chief deposits are at Windermere, Mayook, 
and Canal Flats in the southeast, and at Folkland, near Kamloops. 

Gypsum deposits have been found also in the southern part of Yukon 
Territory and in the Northwest Territories, along the north shore of 
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Great Slave Lake; along the banks of the Mackenzie, Great Bear, and 
Slave Rivers; and on several of the Arctic Islands.“ 

A $3 million plant was to be erected by Western Ge Products, 
115 in ue Toronto, Ontario, area for producing plaster lath and 
wallboard.® 


EUROPE 


An association was formed in Geneva, Switzerland, by 1 
from 11 European countries to promote the joint development of the 
gypsum industry. The group was formed under the name Euro- 
gypsum (Association of the European Gypsum Industry) .“ 
Bulgaria. The gypsum resources in Bulgaria total over 50 million 
tons, according to an article that presented information on different 
methods of producing gypsum plaster and its use in construction.“ 


ASIA 


India.— Rajasthan and Madras were the principal gypsum-producing 
States in India. Production increased to 109,900 short tons in 1960, 
16 percent more than the 904,467 tons produced in 1959. 

rts of gypsum decreased to 56 tons valued at $210 in 1960, com- 
pared with 1,233 tons valued at $4,620 in 1959. No exports were re- 
ported in 1960. 

During 1960 large deposits of gypsum, ranging in thickness from 15 
to 45 feet, were discovered in the Nagaur district of Rajasthan by the 
Geological Survey of India. The reserve in the area was estimated 
at 1,763 million tons.? 

OCEANIA 


Australia.—The possibility of working the saline lakes of West 
Australia to recover brine, potash, alunite, and gypsum was investi- 
gated by the personnel of Mount Isa Mines, Ltd. The lakes are in an 
area between York and Southern Cross east of Perth. 


TECHNOLOGY 


The manual for revised gypsum standards, announced by the Ameri- 
can Society for Teig aad’ Materials contains specifications, methods 
of test, definitions relating to benim products and plaster aggre- 
gates, and related standards. Material added since the previous edi- 
tion includes data on gypsum backing board and the test method for 
surface-burning characteristics of building materials. 

A simple method was presented for determining calcium sulfate 
dihydrate, hemihydrate, and soluble anhydrite in their mixtures. This 


hilar R. K. 58 and Anhydrite. Department of Mines and Tech. Surveys, 
Ottawa, Canada, rev. 88, 1960, 9 pp: 

€ Pit and Quarry. V. 59, No. 6, December 1961, p. 48. 

7 Chemical Trade Journal and Chemical Engineering (London). W. European Gypsum 
Development Association. V. 150, No. 3893, Jan. 12, 1962, P: 4. 

5 Georgiev, G. Strofiteliyye Materíaly 1 Sllikáty Promyshlennosti (Construction Mate- 
rials and Industrial Silicates). V. 2, No. 1, 1961, pp. 5-8; J. Am. Ceram. Boc., v. 44, 
No. 11, Nov. 1, 1961, p. 256. 

e Bureau of Mines. Mineral Trade Notes. V. 53, No. 5, November 1961, p. 22. 

20 Mining World and Engineering Record (London), v. 177, No. 4550, May 1961, p. 185. 

u American Society for Testing and Materials. mpilation of A.S.T.M. Standards on 
Gypsum and Plaster Aggregates. 1960, 152 pp. 
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method is applicable to mixtures of dehydration products from both 
natural and synthetic gypsums, provided impurities that change in 
weight below 225° C are absent.*? 
A staining test that can determine the components of raw gypsum 
was devised. The test specimens first were polished and then were 
treated successively with lead nitrate, alizarin red, p-nitrobenzene-azo- 
resorcinol and methyl blue. Gypsum, anhydrite, clay minerals, and 
carbonate rocks such as limestone, lime marl, dolomite, and magnesite 
can all be determined from the staining produced. The method 1s 
well-suited for either field or laboratory investigations.“ 
Efflorescence on gypsum plaster caused by sodium sulfate is usually 
the most damaging to a paint film. Ways in which some salts, such as 
sodium chloride, which could react with wet gypsum plaster to form 
sodium sulfate, could get into the plaster were dud A method 
of rapid analysis to determine if wall backing and plaster contain 
these salts and/or sodium sulfate was described. Injurious concentra- 
tions of sodium sulfate can be counteracted by applying a 15-percent 
solution of calcium chloride or bromide or by allowing a much longer 
drying time before painting. Some compounds used for cleaning and 
des old paint can cause efflorescence if they are absorbed by the 
aster.!* 
j A mathematical description of the water absorption process in 

laster was given after the action of a bundle of parallel round capil- 
aries was studied. The relationship between capillary pressure and 
the diffusion constants of water in plaster (conductivity of water) 
was found to be hyperbolic. In the slip-casting process some but not 
all capillaries are transporting water during the actual ware forma- 
tion. Because of the resistance and retarding effect of the forming 
body, the smaller pores are more effective.“ 

The influence of chloride on the phase transformation of calcium 
sulfate was studied. The effect was attributed to the fact that the 
chloride existed as an aqueous solution around crystals of calcium 
sulfate dihydrate in the mold, and then hemihydrate crystals grew 
under the hydrothermal reaction of the aqueous solution. Through 
this reaction the transformation of dihydrate into hemihydrate can 
occur in the course of heating. Nitrates or glycerin, readily soluble 
in water, reacted in the same manner as the chloride.“ 

A report was issued on a statistical study of the many variables 
leading to scattered results in compressive strength tests of gypsum 
plaster. The tests were made on 1-inch cubes according to Standards 
Association of Australia, Interim Specification 317; some were tested 
wet (2 hours after casting) ; some, dry; and others, after drying and 


12 McAdie, H. G., and R. A. Kuntze. Determination of Gypsum and Its Dehydration 
Products 27 Their Mixtures. Materials Research and Standards, v. 1, No. 1, January 
1961. pp. —29. 

a Bartosch, E. The Qualitative Determination of the Constituent Minerals in Raw 
Gypsum. Zement-Kalk-Gips (Basel), v. 13, No. 12, 1960, pp. 581-583; Building Science 
Abs. (London), v. 34, No. 7, July 1961, p. 193. 

A Hoffman, E. Efflorescence Phenomena on Plaster. J. Oil Col. Chem. Assoc., v. 44, No. 
1, 1961, pp. 3241; Building Science Abs. (London), v. 34, No. 3, March 1961, P: 8. 

18 Deen, W. (The Absorbitivity of Gypsum). Ber. deut. keram. Gesell. (Berlin), v. 38, 
No. 3, 1961, pp. 107-110; Building Science Abs. (London), v. 34, No. 9, September 1961, 


. 259. 
2 1$ Chikara, Mitsuki, Naoyoshi Hayashi, Tatsuo Ito, and Toyohiko Izushi. Effect of Addi- 
tives on the Heating Change of Dimension of G EP Pilaster Molds. Nagoya Kogyo 
Gijutsu Shikensho Hokoku (Japan), v. 9, No. 10, 1960, pp. 505-515; J. Am. Ceram. Boc., 
v. 44, No. 5, May 1, 1961, p. 110. 
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rewetting. The results indicated that from three to five cubes from 
each of three separate mixes are necessary if the compressive strength 
is to be within 5 percent of the true mean (95 percent confidence 
limits). Ifthe cubes were taken from one mix, the accuracy was only 
within 10 percent unless the tests were made by a very skillful operator, 
Testing more than five cubes per batch did not improve accuracy. 
For consistency and accuracy of results, there was little choice between 
machine- and hand-mixing. Strength of compression, increasing as 
time and rate of stirring increased was related somewhat to fluidity 
of the slurry. Specimens tested wet had only about 40 percent of the 
strength of those tested dry, but care should be exercised in wet- 
testing because of the different rates of strength development in 
plasters that have similar setting times.“ 

Moisture contents and compressive strengths were measured for 
696 smal] cubes of gypsum plaster. Three water-to-plaster ratios and 
two proprietary brands of gypsum plaster were used. The results 
showed that from about 5 percent moisture content upward the com- 
pressive strength falls near the saturated wet compressive strength. 
Strength at equilibrium moisture content (about 0.2 percent) at 21° 
C and 50 percent relative humidity is near the oven-dry compressive 
strength, which is 2.5 times the wet compressive strength. Cubes at 
the relative humidities used were hygroscopic and showed a consequent 
decrease in compressive strength. The practical implication of the 
results was discussed.'* 

Investigations showed that the production of hard gypsum plasiers 
by the wet process, without pressure, is valuable for mass-production 
purposes, and that the price of this hard gypsum is only a fraction 
of that of autoclaved gypsum. The wet proces can also be used for 
manufacturing gypsum plasters for building purposes from poor 
dihydrate materials. The o creep resistance of building ee 
especially when they are affected by moisture, is caused by the large 
amount of gypsum paste and by the weak structure of the coarse 
B-hemihydrate particles. The hard gypsum plaster does not show 
this bad structure and therefore possesses satisfactory resistance to 
creep, even when exposed to moisture.!? 

An autoclave fitting into an X-ray spectrometer diffraction unit 
thus permitting continuous X-ray diffraction studies at moderately 
elevated temperatures and steam pressures was described. The in- 
strument was used to study the conversion of gypsum to hemihydrate. 
'The temperature and steam pressure necessary and favorable for the 
conversion were given, and it was suggested that there is no inter- 
mediate step in the transition.”° 


if Waters, E. H., and R. Birtwistle. Compression Testing of Gypsum Plaster. Mat. 
Res. and Standards, v. 1. SU) 1961, pp. 374—381 ; Bullding Science Abs. (London), v. 34, 
. 11. mber 1981, p. 324. 
NS, Russell. J. J. The Effect of Moisture Content on the Compressive Strength of Small 
Cubes of Some Cast Gypsum Plasters. Zement-Kalk-Gips (Basel), v. 13, No. 8, 1960, pp. 
345—351; Building Science Abs. ee E v. 34, No. 2, February 1961, p. 34. 
19 El eltauer, E. The Production of Creep-Resistant Hard Gypsum Plasters. Zement- 
Kalk-Gips (Basel). v. 13. No. e pp. 259-264 ; Bullding Science Abs. (London), v. 33, 
. 12. D ber 1960. pp. 354-355. 
Ne Drost, John B., and Ralph E. Grim. Continuous X-ray Investigation Using an Auto- 
clave for the Conversion of Gypsum to Hemihrdrate. Am. Mineralogist, v. 44, Nos. 7-8, 
1959, pp. 731-737; J. Am. Ceram. Soc., v. 44, No. 3, March 1961, p. 73. 
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Gypsum from Rajasthan, India, that contains quartz and calcite as 

impurities was upgraded by using dry methods of beneficiation.” 
rtain segments of the length-temperature curves of two kinds of 

plaster mold made of ordinary plaster of paris and of a-gypsum 
seem to be identical in phase transition of plaster. The overall a apes 
of the two curves, however, are considerably different. It was found 
that adding some chloride (such as chlorides of barium, magnesium, 
sodium, and lead) to the plaster decreases the shrinkage of molds at 
temperatures below 500° or 600° C. These critical temperatures be- 
come higher when the plasters are mixed with silica sand.” 

Experimental work since 1953 in New Zealand was reported. 
Many favorable pasture effects previously attributed to super- 
phosphate as a pio horous supplier were in fact, due also to the 
sulfur provided by the fertilizer in the form of gypsum or finely 
ground elemental sulfur. Critical sulfur levels for white clover, 
mixed grasses, and lucerne (alfalfa) were established.“ 


1 Das Gupta, S. B., and P. I. A. Narayanan: Beneficiation of Gypsum. J. Su. Ind. Res. 
(india), v. 16A, No. 3, 1957, pp. 130-132; J. Am. Ceram. Soc., v. 44, No. 7, July 1, 1961, 


. 158. 

22 Mitsuki, Chikara, and Tatsuo Ito. Heating Contraction of Set Gypsum Plaster. Na- 
oya Kogyo Gijutsu Shikensho Hokoku (Japan), v. 7. No. 12, 1958, pp. 904—911; J. Am. 
Geran Roc., v. 44, No. 4, April 1961, p. 82. 

2 McNaught, K. J., and P. J. E. Chrisstoffels. Sulfur and Pastures and Lucerne. 
N. Z. G. Agr. Res., v. 4, 1961, p. 177; Fertilizer and Feeding Stuffs J. (London), v. 55, 
No. 12, Dec. 18, 1961, p. 523. 


lodine 
By Henry E. Stipp? and Victoria R. Schreck: 


4 


RUDE IODINE production in the United States decreased for the 
second consecutive year, whereas consumption increased. U.S. 


imports of crude iodine increased substantially. Some of the 
imports were for the national stockpile. 


DOMESTIC PRODUCTION 


Output of crude iodine from oil-well brines in the United States de- 
diedsed 20 percent in quantity and 13 percent in value compared with 
1960. This marked the second year that domestic production had de- 
creased sharply while imports increased, pointing to the plight of U.S. 
producers who were finding vigorous competition from foreign free 
world operations. Crude iodine was recovered by The Dow Chemi- 
cal Co., with plants at Seal Beach, Venice, and Inglewood, Calif., and 
Midland, Mich. 

A small quantity of iodine was recovered by Deepwater Chemical 
Co., at Compton, Calif., in 1960; none was reported in 1961. 


CONSUMPTION AND USES 


Domestic consumption of iodine and iodine compounds increased 
38 percent compared with 1960. The element and its compounds were 
used principally in medicines, human and animal nutrition, germicides 
and disinfectants for general purpose, dairy, hospital, bottling plant, 
poultry and swimming pool applications, sterilization of drinking 
water, soaps, special papers, catalytic and analytic reagents, dyes, pig- 
ments, process engraving and lithography, metallurgy, cloud seeding, 
and rubber emulsifiers. Potassium iodide, the principal compound 
produced, was consumed chiefly in medicine, photography, and an- 
alytical chemistry. Sodium and ammonium iodide, other important 
iodine compounds, had uses similar to those of potassium iodide. Re- 
sublimed iodine, another large consumption category, was used chiefly 
for the preparation of inorganic and organic iodine compounds. 

Iodine in combination with polyvinyl alcohol had bactericidal qual- 
ities that were reportedly many times higher than those of iodine.* 


1 Commodity specialist, Division of Minerals. 
*Statistical clerk, Division of Minerals. 
Chemistry. Powerful Germ Killer. V. 34, No. 6, February 1961, p. 41. 
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Radioactive iodine was used for physical therapy and examinations, 
process control, tracer studies, and general research. It was used to 
treat patients with some types of heart disease.“ Iodine 125 was avail- 
able for purchase from Oak Ridge National Laboratory. It has cer- 
tain advantages over iodine 131, such as longer shelf life and no beta 
radiation. 


TABLE 1.—Crude iodine consumed in the United States 


1961 
Crude iodine Crude lod ine 
Produet Number consumed Number consumed 
of plants. of plants 

Thousand | Percent Thousand | Percent 

pounds of total pounds of total 
Resublimed Iodine 4 132 7 5 104 4 
Potassium iodide..................... 10 897 46 10 1, 467 56 

Sodium od idem 4 (i) (i) 4 (1) (1) 

Other inorganic compounds 16 495 26 21 566 22 
Organic coin pounds 34 420 21 31 460 18 
r. ⁵ĩ˙·¹mm cial 2351 1, 944 100 347 2, 597 100 


e Other Inorganic compounds” to avoid disclosing individual company confidential data. 
evised figure. 
3 Nonadditive total because some plants produce more than one product. 


STOCKS 


Government inventories of iodine on December 31, 1961, totaled 
3,280,000 pounds, of which 2,977,000 pounds was in the national (stra- 
tegic) stockpile and 303,000 pounds was in the CCC and supplemental 
stockpiles. Total Government stocks were 1,020,000 pounds below the 
maximum stockpile objective of 4,300,000 pounds. 


PRICES 


The following prices were quoted for iodine and iodine compounds 
by Oil, Paint and Drug Reporter: 


oad 
Crude iodine, kegs: January through December $1.10 
Resublimed iodine, U.S.P., drums, f.o.b. works: January through 
Pecem AAA A oh ae $2. 20-2. 22 
Ammonium iodide, N.F., 25-1b. jars, f.o.b. works: 
January through February 26... LLL LLL LL LL LLL Ll -m 4. 26 
February 27 through December 222222222 4.51 
Calcium iodide, 25 lb. jars., f.o.b. works: January through December... 4. 27 
Potassium iodide, U.S.P., crystals, granular, 250 lb. drums, f.o.b. 
works: January through December 1.55 
Sodium iodide, U.S.P., 300-pound drums, f.o.b. works: January 
through Demet rta 2. 18 


*Sclence Newsletter. Radioactive Iodine Helps in Certain Heart Ailments. V. 79, No. 
2, Jan. 14, 1961, p. 24. 
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FOREIGN TRADE 


Imports.—Crude iodine imports increased 59 percent in quantity and 
100 percent in value compared with 1960. This was the second con- 
secutive year that imports increased. Imports from Japan more than 
doubled again in 1961. Shipments of resublimed iodine from West 
Germany were 220 pounds valued at $310. 

Exports.—Exports of 175,781 pounds of iodine, iodides, and iodates 
valued at $282,072 were sent to 31 countries. Canada, West Germany, 
India, and the United Kingdom received the largest quantities. 
Iodine, iodides, and iodates reexported to six countries totaled 85,000 
pounds valued at $94,000. 


TABLE 2.—U.8. imports for consumption of crude iodine, by countries 


(Thousand pounds and thousand dollars) 


1952-56 1957 1958 1961 
(avera:e) 
Country — —ů — — 
Quan- | Value | Quan- | Value | Quan- | Value | Quan- | Value | Quan- | Value | Quan- Value 
tity tity tity tity 
Chile......... 727 | $997 | 2,149 |$2, 049 | 1, 401 ¡$1, 180 $892 | 1, 420 |$1,011 | 1,964 | $1, 822 
France (0 J ⁵ ↄ WE ee esses cpg cm ce 
Japan 399 542 536 720 160 149 191 474 414 | 1,053 1, 030 
Total...| 1,126 | 1,539 | 2,685 | 2,769 | 1,561 | 1,329 1,083 | 1,894 | 1, 425 | 3,017 


1 Less than 1,000 pounds. 
3 Less than $1,000. 


Source: Bureau of the Census. 


TABLE 3.—U.8. exports of iodine, iodide, and iodates 


(Thousand pounds and thousand dollars) 


Year Quantity Value Year Quantity Value 
1952-56 (average)... ........ 297 $102 || 1959 I1dw6 LLL ll... 175 $249 
1957 a e ues d 233 335 || 1960 lll 251 353 
1958 1. accu - RERO Eee 199 314 || I9lt, 176 282 


1 Data not strictly comparable with earlier years. 
Source: Bureau of the Census. 


TABLE 4.—U.8. reexports of iodine, iodide, and iodates 
(Thousand pounds and thousand dollars) 


Year Quantity Value Year Quantity Value 
1952-56 (average .......... 87 $126 || 1959 tlle 35 $34 
77)öÄ§⅛ 8 70 is...... ees 38 37 
19,ö; 30 E AAA ae 85 94 


1 Data not strictly comparable with earlier years. 
Source: Bureau of the Census. 


ë Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities. Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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WORLD REVIEW 


Brazil.— A plant for the manufacture of iodine products was to be 
established in the region of Mossoro and Areia Branca.* 

Chile.—Anglo-Lautaro Nitrate Co. produced 1,746 short tons of 
crude iodine in the year ending June 30, 1960. Cia. Salitrera de Tara- 
paca y Antofagasta (COSATAN) produced 551 short tons during the 
same period. The Chilean Nitrate and Iodine Sales rp. 
(COVENSA) reported sales of 2,072 short tons during fiscal year 
1960.7 

Indonesia. Iodine production in 1960 totaled 7, 922 pounds valued 
at US 848, 000.“ 

Japan.— Elemental iodine recovery in 1960 totaled 1, 047 short tons 
compared with 863 (revised figure) short tons in 1959.“ 


TECHNOLOGY 


Water-soluble salts of iodine, as well as those of dysprosium, irid- 
jum, europium, and scandium, were used for tracing the flow of water, 
oil, or natural gas underground.'^ Fluid at an underground point was 
enriched with the salt and a sample of the fluid withdrawn at a second 
underground point. The sample was irradiated with a flux density of 
107 neutrons per cm? per second to produce radioactive isotopes which 
were measured for radiation. 

Vanadium of 99.95+ percent purity was prepared by the thermal 
decomposition of vanadium iodide.” Most metallic impurities in va- 
nadium except iron and chromium were decreased. Nonmetallic im- 
purities such as oxygen and carbon were greatly reduced and nitrogen 
was almost eliminated. Some of the properties of the refined vana- 
dium were: Melting pont, 1,890° C.+10°; lattice constant, 3,026 
A.+0.001; ultimate tensile strength, 26,500 psi; yield point, 17,000 psi; 
reduction in area, greater than 99 percent; Diamond Pyramid Hard- 
ness 57; and resistivity at 20° C., 25.5 microhms per centimeter. 

Ductile chromium that could be used as a structural metal was re- 
fined from iodide chromium.!? The mechanics of iodide refining were 
studied with an improved laboratory device. One cycle of iodide re- 
fining removed 97 percent of the oxygen and all but 10 to 12 percent 
of the nitrogen and hydrogen. A study of the mechanical properties 
of chromium samples gave a threshold of cold brittleness for the cast 
metal at minus 25° C. The Brinell hardness ranged from 100 to 120. 
The yield point ranged from 13 to 20.5 kilograms per square millimeter 


KE Embassy, Rio de Janeiro, Brazil. State Department Dispatch 642, Feb. 13, 1962, 


7 Bureau of Mines, Mineral Trade Notes. V. 53, No. 2, August 1961, P 20. 

1 EE Djakarta, Indonesia. State Department Dispatch 833, Apr. 28, 1961, 
p. 1. encl. 1. 

m Embassy, Tokyo, Japan. State Department Dispatch 1172, Apr. 18, 1961, p. 3, 
enc]. 1. 

19 Armstron, Frederick E. (assigned to the U.S. Department of the Interior). Method 
of tracing the Flow of 1490155 by Use of Post Radioactivation of Tracer Substances. U.. 
Pat. 3.002.091, Sept. 26. 1961. 

u Carlson, O. II., and C. V. Owen. Preparation of High-Purity Vanadium Metal by the 
Iodide Refining Process. J. Electrochem. Soc., v. 108, No. 1, January 1961, pp. 88-93. 

12 Yemel'ynnov, V. S.. Al. T. Yevstyukhin, and others. An Improved Method of Preparing 
Iodide Chromium and Its We ees pt. 2, Production and Physical Metallurgy of Pure 
Metals, July 5, 1960, 23 pp.; U.S. Department of Commerce, Office of Tech. Berv., 60-11, 
840, U.S. Joint Pub. Res. Serv., 2950. 
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at room temperature. Tensile strength was 19.5 to 28.2 kilograms per 
square millimeter, elongation 8.8 to 16.6 percent, and reduction of 
area 9.4 to 22.9 percent. Monocrystals of chromium iodide and arc- 
melted metal were body-centered cubic a=2.8790+.001 kx at room 
temperature. 

Several biphenyls in good yield were prepared by ultraviolet pho- 
tolysis of aromatic iodo compounds. The reaction was performed 
without side reactions or destruction of functional groups. Industrial 
EE for the process could result from this research. 

process was patented for recovering anhydrous iodine from a 
water solution of hydrogen iodide and iodine.* Hydrogen iodide in 
a vapor phase was oxidized to iodine by contact with a gas con- 
taining oxygen. The iodine was condensed with an aqueous liquid 
and separated as an immiscible phase. Anhydrous iodine was with- 
drawn as a product. The remaining liquid phase was contacted 
with a stripping gas and the vapor product returned to the condensa- 
tion zone. 

Two iodine compounds were synthesized that were considered to be 
analogs of the metalloporphyrin sandwich compounds occurring in 
living matter.!“ The metalloporphyrin compounds benzenebisdipyr- 
idylchromium iodide and diphenylbisdipyridylchromium iodide were 
described as half-sandwich compounds ın which four nitrogen atoms 
were bonded to the metal. 

The effectiveness of potassium iodide, sodium bicarbonate, potas- 
sium bicarbonate, potassium oxalate momohydrate, and glass beads as 
extinguishing ns were studied with the aid of several sizes of small 
model fires.* Potassium iodide was more effective than potassium bi- 
carbonate, but less effective than potassium oxalate. Potassium iodide 
was almost twice as effective when applied to a smaller model fire than 
it was when applied to two larger models. The study showed that the 
nature and ee size of the applied chemical powders influenced 
their rates of application. 

Theoretical capacity and electrode efficiency data for iodosobenzene, 
iodoxybenzene, ortho iodosobensoic acid and iodosobenzene diacetate 
were presented." Ortho iodosobenzoic acid had a lower cathode po- 
tential than other iodoso compounds. Iodosobenzene diacetate had 

r electrode efficiency. Iodine, in a positive oxidation state, formed 
10donium salts and iodyl compounds. The iodonium salt, diphenyl- 
iodonium chloride, was a weaker oxidizing agent than either iodoso or 
iodoxybenzene. The cathode potentials and coulombic capacities of 
iodoso-and iodoxybenzene in general increased with decreasing elec- 
trolyte pH. The low cathode potential for iodate compounds in alka- 
line electrolyte was attributed to hydrolysis with subsequent reduction 
of the iodate ion. Organic positive iodine cells did not compare favor- 


18 Chemical & Engineering News. Path to Aryl Radicals Aids Syntheses. V. 39, No. 8, 
Jan. 16, 1961, PR. 46, 4T. 

14 Magovern, Robert L., Harold C. Ries, and Irwin L. Brierer (assigned to Shell Oil Co., 
Delaware). Process for the Recovery of Iodine. U.S. Pat. 3,006,731, Oct. 31, 1961. 

1$ Chemical & Engineering News. ew Class of Metallorganies Synthesized. V. 39, No. 
16, Apr. 17, 1961, pp. 42-43. 

ie National Bureau of Standards. Small Models Aid Studies of Extinction of Fires 
Involving Liquids. Tech. News Bull, v. 45, No. 7, July 1961, pp : 

17 Glickman, R., and C. K. Morehouse. Investigation cf the Electrochemical Chnracter- 
istics of Organic Compounds. J. Electrochem. Soc., v. 108, No. 4, April 1961, pp. 303—306. 


648 MINERALS YEARBOOK, 1961 


ably with inorganic cells on light-drain tests, but were more suitable 
for use as reserve cells. 

Compressed silver iodide powder pellets were tested for ionic con- 
ductivity by use of silver amalgam electrodes.!? A deformed hex- 
agonal phase was an important factor in pellet conductivity. Hexag- 
onal deformation could be induced by proper preparation control or 
suitable thermal or mechanical pretreatment of silver iodide powder. 

A method and filter were patented for removing iodine from gases.“ 

Lamps that contained iodine were used to improve athletic-field 
lighting. The lamps delivered 12 more foot-candles of light than 
those previously used, and provided better distribution to the playing 
surface of the field. 

The effectiveness of iodine for swimming pool disinfection was eval- 
uated in the light of chemical reactions. Iodine appeared to be an 
attractive disinfecting agent because its effectiveness over a wide pH 
range had been demonstrated. A smaller quantity of iodine was re- 
Tu for pools with high bathing load than was required for chlorine. 

odine did not form complexes with nitrogenous compounds which 

were irritating to the eye and mucosa of the nose. Odors and tastes 
e absent. Jodine was equally as effective as chlorine in killing 
algae. 

A paper was published that reviewed the biocidal properties of 
iodine and compared them to properties of chlorine and other agents.” 
Iodophors, mixtures of iodine in surface-active agents, were reported 
to have all the germicide properties of iodine, low vapor pressure, lack 
of odor, and staining power, and low irritation properties. 

Another paper was presented which GEN the chemistry and uses 
of iodophors.* Two general types of iodophors were nonionic and 
cationic. The condensation of ethylene oxide with hydrophobic 
compounds containing active hydrogen such as polyglycols, SE 
phenols, thiols, primary and secondary amines, and carboxylic an 
sulfonic acids and their amides were among the numerous nonionic 
10dophors that could be compounded with iodine. Among the cationic 
lodophors were quaternary ammonium compounds containing up to 
25 percent iodine. 


13 Mrgudich, J. M. Ionic Conductivity of Silver Iodide Pellets for Solid-Electrolyte Bat- 
teries. Lab. for Ins. Res, MIT, Cambridge, Tech. Rept. 138, June 1959, 23 pp.; U 
Government Res. Repts., v. 35, No. 3, Mar. 10, 1961, p. 298. 

19 Silverman, Leslle (assigned to the U.S. Atomic Energy Commission). Method of 
Ro DONE Iodine From Gases and Filter Medium Therefor. U.S. Pat. 2,994,577, Aug. 1, 

6 


20 Electrical Construction and Maintenance. Relight School Stadium With Quartzline 
Lamps. V. 60, No. 9, September 1961, p. 120. 

z Black, A. P. Swimming Pool Disinfection With Iodine. Water and Sewage Works, 
v. 108, No. 7, July 1961, pp. 286-289. 

2 Wilson, John L.. William G. Mizuno, and Carl S. Bloomberg. Iodine Disinfectants. 
Soap and Chem. Spec., v. 36, No. 12, December 1960, pp. 100, 105-107, 141. 

23 Connor, J. J. Chemistry and Uses of Idophors. Am. Perfumer, v. 76, No. 5, May 
1961, pp. 44-45, 58. 


lron Ore 


By N. W. Holliday * and Helen E. Lewis 


A 


BUNDANCE of high-grade deposits and growing productive 
A capacity throughout the world were noteworthy features of the 
iron-ore industry in 1961. In contrast, there were indications 
that world iron-ore consumption had reached a plateau. Consump- 
tion of iron ore in the United States fell from 108 million tons in 
1960 to 99 million tons in 1961. Pig-iron production declined 1.9 
million tons in the United States and 1.1 million tons in the United 
Kingdom. Although pig-iron production in the European Economic 
Community rose slightly, the rate of expansion was much lower than 
in previous years. However, Japanese production of pig iron in- 
creased from 13.6 million tons in 1960 to 18.1 million tons in 1961. 
From the viewpoint of technologists, the abundance of high-grade 
iron ore represented a tremendous achievement—successful woldwide 
exploration and development programs plus successful research on 
beneficiation of low-grade ores. Economists, however, found many 
problems both in the abundance and in the shifting sources of iron- 
ore supply. To many of the newly developing nations, iron-ore re- 
sources provided the means, or the hope, of attracting investment 
capital for industrialization. To many of the older iron-ore produc- 
Ing regions, the new sources meant loss of income, unemployment, or 
vigorous programs to maintain markets. To the United States, Japan, 
and Western Europe, all with unprecedented high capacities for pro- 
ducing steel, the need to expand markets was a major problem, as high- 
grade ore became plentiful to all in a buyer’s market. 
2 Commodity specialist, Division of Minerals. 
* Statistical assistant, Division of Minerals. 
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l'IGURE 1.—Production of iron ore in the United States and iron-ore imports for 
consumption, 1920—61. 


TABLE 1.—Salient iron ore statistics 


(Thousand long tons and thousand dollars) 


1952-56 
(average) 1957 1958 1961 


United States: 
Iron ore (usable; ! less than $ percent 


Mn); 

Production 7... 71, 329 
Shipments (oe : ] : 72,379 
A A weed > ) 3$724, 131 $650, 500 

Average value at mines per 
r 8 : : i 3 $8. 73 $8. 99 
Imports for consumption 8. ; 834, 578 25, 05 
Val sn 8 55,0! . 3$321,919 | $250, 28 
EXPO. We ose 4,916 
lll $53, 823 
Consumption 113. 489 99, 254 

Stocks Der. 31: 

At mines 5. 612 10, 628 
At consuming plants 44. 032 58, S60 
At Lake Erie docks......... 5,4971 6, 100 
World: Prod ue t io 336, 879 407, 610 


! Direct shipping ore, washed ore, concentrates, agglomerates, and byproduct pyrites cinder and 
agclomerates. 

2 Includes byproduct ore. 

A Revised fleure. 

* Excludes by product ore. 
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EMPLOYMENT 


Employment in domestic iron mines and mills decreased less than 
8,000 men between 1953 (35,301 men employed) and 1960 (27,583 men 
employed), but the trend from underground to open-pit mining 
brought economic dislocation and unemployment problems to some 
of the older producing areas. 

Crude-ore production per man-shift had increased consistently since 
World War II, but usable ore production per man-shift changed very 
little because of the greater proportion of effort needed to beneficiate 
lower grade ores. In 1952, when less than 10 percent of the labor 
force was be in beneficiation, 11.2 tons of usable ore per man- 
shift was produced. In 1958, when 24 percent of employment was in 
beneficiation, 11.5 tons per man-shift was produced and in 1960, with 
about the same division of the labor force, 13.1 tons per man-shift was 
produced. 
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DOMESTIC PRODUCTION 


Production of crude ore was 18 million tons less than in 1960, and 
output of usable ore declined about 17.4 million tons. In the latter 
category, direct-shipping ores dropped 13.0 million tons; concentrate, 
4.0 million tons, and production of agglomerate at mines, 0.4 million 
tons. The approximate average recoverable iron content of the crude 
ore was only 28 percent. 

Crude Ore.— (Mine product before any treatment to eliminate waste 
constituents.) More than 80 percent of the crude ore mined in the 
United States was sent to beneficiating plants, and the added cost that 
resulted brought increasing pressure for low-cost mining methods. 
Open-pit mines supplied 88 percent of the total domestic production, 
compared with 79 percent in 1951 and about 70 percent in 1941. Pro- 
duction in the Lake Superior district represented 75 percent of the 
Nation's total. Northeastern States produced 6 percent; Southeastern 
States, 5 percent; and Western States, 14 percent. 

Open-pit mines accounted for 91 percent of the crude output in the 
Lake Superior district, and underground mines produced only 9 per- 
cent. Taconite and jaspilite ores comprised 39 percent; direct ship- 
ping ores, 19 percent; and ores shipped to beneficiation plants other 
than taconite and jaspilite, the remaining 42 percent. 

Of the 206 domestic mines reporting production of iron ore, only 
115 produced more than 100,000 tons; these accounted for 99.5 percent 
of the U.S. total. Of the 36 mines producing 1 million or more tons 
of crude ore, 22 were in Minnesota, 4 in Michigan, and 3 in Alabama. 

Usable Ore.—Tables 6, 7, and 8 include direct-shipping ore (shipped 
directly from mines to consumers without any treatment for removal 
of waste constituents), concentrates (produced by washing, gravity 
methods, or other standard methods) and agglomerates produced at 
mines (produced by pelletizing, briquetting, or other methods of 

glomerating). 

Values of iron-ore shipments shown in table 8 are those reported by 
producers; they exclude transportation costs, but they include the cost 
of mining, concentrating, and agglomerating. Shipments are classi- 
fied by use according to information supplied by the producer. 

The growing importance of agglomerates produced at mine sites 
is shown in table 9, which gives current and projected productive 
capacity. Plants in Minnesota and Michigan produced 14.6 million 
tons of taconite and jaspilite pellets in 1961. 
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TABLE 4.—Crude iron ore mined in the United States, by States and mining 
methods 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


State Total! Open pit Under- Total 
ground 
Alabama 2. 678 5, 556 
1 E ⁰ů . ⁰o· wr. AA OR EE (3) 
California... sie eg eeznawesl ` DI ` ` [sole e (3) (1) 
Seen 1111 % oo .20 |]. xe: 

C ²Ü¹“ E aL. ALES EDS 594 
I ³ðAüñ ę ffT! , ð 142 ee 12 
Michigan 7. 280 12, 173 
Mlunesot a. 1. 576 92, 203 
Missourl...................... ) 799 
Montana 544 54 34 34 
Nevada l. 3) 1, 102 
New Jersey and Pennsylvania.. . 2.8485 2,845 |............ 3,109 3, 109 
New York.................... Q) Q) 6, 697 
New Mexico..................] 1 1 0) 422222 (3) 
North re % % ß ͤ 8 
South Dakota () Q1) 22222 

ness e444 () 2222224 3) || () 2222222 M 
A: A TS O 7 EA Q <> A AE eo EEN a 
UtAl. lec o sens E: SE AAA — 3:900 A << EE 3, 833 
WIScons ggg 1,484 L4M&  |...........-. 1, 129 1, 129 
W yoming...................-- (3) 
Undistributed............. 5.7360 5.736] 9,296 |............ 9, 296 

120, 813 15, 772 


1 In some Instances data do not add to totals shown becausa of rounding. 
Included with **Undistributed” to avoid disclosing individual company confidential data. 
3 Included with open pit. 


* Revised figures. 
TABLE 5.—Crude iron ore shipped from mines in the United States, by States and 
disposition 
(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 
1960 1961 
State 
Direct to | To hene- Direct to | To bene- 
consumers | ficiation Total ! consumers | ficiation Total 
plants plants 
Alabama 2. 097 7, 158 1, 595 4, 052 5, 647 
Are... A AA EE „„ 
California..............-.--..- (2 Q) (2) (3) (2 
Colorado —— 222 11 A Di EEN, Cu EE 
S (3) 457 (3) 594 594 
A ² AAA 22... 9 9 a EE 12 
Michigan 7, 503 13, 469 6.041 6, 120 12,161 
Minnesota 21. 542 109, 602 12, 635 79, 825 92, 460 
r A 2-2- S 
Montana 55 F 34 
Nevada *....................- (3) 1.013 (3) 1, 108 1, 108 
New Jersey and Pennsylvanía.|............ 2-591 E AA 3. 418 8, 418 
New AA A 8. 6, 696 6, 696 
New Merico 1 O Seat eas 
North Carol ina (3) ( CH DEE, EECH (3) 
South Dakota 2) (0-* Il (Se RA 
C6 K (2 C (?) (2) (?) 
Ter —:ͤ6 2 Q (2) ( 3 
FTT 3, 334 3. 334 3.742 (8) 3, 742 
Wisconsin.................... 1, 502 1, 502 ITT 1, 122 
W yomlüg o vu rue OH (3) (3 
Undistributed...............- 529 5, 708 688 8, 153 8, 841 
Total. 36, 583 153, 994 25, 917 110, 824 136. 741 


! In some instances data do not add to totals shown because of rounding. 

Included with “Undistributed” to avoid disclosing individual company confidential data. 
3 Included with ore shipped to beneficiation planta, 

* Revised figures. 

* Included with direct shipping ore. 


656 MINERALS YEARBOOK, 1961 


TABLE 6.—Usable iron ore produced in the United States, by districts and varieties 


(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


1960 1961 


District and State 
Hema- | Brown [Magnetite | Total! |Hematite | Brown |Magnetite | Total! 
tite ore ore 


Lake Superlor: 


Michigan..............-- 1225 80 —888 12, 866 8.304 A ose eee ee 8, 364 
Minnesota..............- 43, 687 13, 282 | 57, 30, 062 491 13,161 | 43,714 
Wisconsin 1. 844% ĩ ˙k uro 1, 484 1.129 E A A 1,129 

NN ve AAA 58, 037 13, 282 | 71, 792 39, 555 491 13. 161 63, 207 

o LE Ee | | —— — .— 
Southeastern States: 

lab ama 3,207 | 1,029 |.......... 4, 235 2, 583 800 |.......... 3,33 
Georgia 128 128 156 |... 29 156 
North Carolina 4 2 P MPs S. ] 8 

eunes ss (D) we [dex (5 (2) 3 (7) 

Total..........-.--..-- 3, 207 2| 4,365 2, 583 O56) 205320 3, 539 

ILE 
Northeastern States: 
New Jersoy and Penn- 

A EE, EE PA 1,246 1.2405 1, 602 1, 692 
N EEN EE 2,879 | 2,879 2,356 2,356 

Total ANA AO AA d ee seas 4, 048 4, 048 

Western States: 

UI EE, ͥ TTT uariis „„ (e 
California.............-. C) GE (3) (2) „ (2) (3) 
Fr E O y DN ARA ll EE (3) 26 
Idülo. el iz coque snc Ru DEEN 6 9 5 12 
Míssouri................ 404| () 404 817 ONE ERE 317 
Monti PM DEER 54 54 1881 18 A4 
Nevada . 3 735 735 (D. liese 837 837 
New Mexico 4 „ AA EE (2) (2) 
South Dakota to MES oo rene. (7) Vd A EE 22 

CS as aos ” 3 2) ” „„ (*) 
AA AA , 369 |.......- (8) 3, 369 , 602 |.......- (8) 3, 602 
Wyoming . (3) (?) 3 (2) OI 

Ol A 3, 776 796 4, 583 3, 962 26 862 4,20 
Undlistributed............... 3.197 |i ouo Ee 3, 127 4,783 |........ 22A 5,007 
Total all districts. ..... 68, 147 18, 205 | 87, 993 50,883 | 1,473 18,295 | 70,63 
Byproduct ore 7 ll CA A AA ͤ 0000 8 675 

Grand total........... 68, 147 18, 205 | 88, 784 50,883 | 1,473 18,295 | 71,39 


1 In some instances data do not add to totals shown because of rounding. 

2 Included with “Undistributed” to avoid disclosing individual company confidential data. 

3 Included with other varieties in the same State. 

$ Revised Mrures. 

3 Cinder and sinter obtained from treating pyrites. Ore was treated in Delaware, Colorado, Tennessee, 
Pennsylvania, Virginia, and Arizona. 
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TABLE 7.—Usable iron ore produced in the United States, by States and types of 
product 


(Thousand long tons and exclusive of ore containing 5 percent or more mangancse) 


1960 1961 
State Direct Iron Direct- 
shipping | Agglom- | Concen- | content | shipping | Agglom- 
ore erates 1 trates (natural ore erates 1 
percent) 
Alabama............ 2, 108 (3) 2, 128 39. 13 1.914 (2) 
Ahl A A AE r PA 
California „ (3) (3) . 
Colorado 1 D DS GE, 8 54. 55 7 AAA 
Georgia (Q9 E 128 43. 75 . 
dan eremi A 55. 56 A NEES EN 
Michigan 9, 076 905 2, 885 53. 79 5, 041 1, 475 
Minnesota. 21, 589 13, 436 22, 417 54. 22 12, 579 13, 161 
Missouri............]..........|......-... 404 50. 90 000 
Montana GC 55. 56 % ᷣͤ ͤ K 
Nevada . 733646 ees (3) 59. 00 Lr EE 
New Jersey and 
Pennsylvania Y 1, 246 61.88 |.......... (3) 
New York.........-./.......... 043 837 61.86 |.......... 1, 463 
New Mexico ¡PA AA 64. 97 e ee WEE 
North Carolina......| | 24244 ꝗ GAN GE, EEE EE EE 
South Dakota Q T0 cas d TFF 
Tennessee „ 6 (3 W 143 
EEC o (3) (3 (3) (3) (3) 
BEZ A vene , 369 A UE 50. 70 3,602 |.......... 
Wisconsin........... ITC E 53. 57 1:129 A EE 
Wyoming ¡O |------.--- (3) (3) Q)jd---------- 
Undistributed....... ^v. AAA 2, 598 50. 76 7228888 
Total.......... 3 38, 968 16, 384 32, 643 53. 54 25, 924 16, 099 
Byproduct ore 7 00.58 PA 676 


— ——— e —ñä DA N — | | ———————— — — 


Grand total. . “ 38, 968 17, 176 82, 643 53. 65 25, 924 16, 776 


1 Exclusive of agglomerates produced at consuming plants. 

3 Included with other types in the same State. 

3 Included with ‘“‘Undistributed’”’ to avoid disclosing individual company confidential data. 
4 Revised figure. 

$ Data do not add to total shown because of rounding. 

¢ Cinder and sinter obtained from treating pyrites. 
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TABLE 8.—8hipments of usable iron ore from mines in the United States in 1961, 
by States and types of product 


(Thousand long tons and thousand dollars; exclusive of ore containing 5 percent or more Manganese) 


Iron and steel Total! 


State 


Meng; ⅛ . DE E M a a 
SN ß . eni 


New Jersey and Pennsylvania 
Now Mere eege eege 
New ee 


e 


Fel A UN 
Dat, 8 


In some instances data do not add to totals shown because of rounding. 

Included with other types in the same State. 

3 Included with “Undistributed” to avoid disclosing Individual company confidential data. 

4 Includes iron-oxide pigment material for Oregon not shown elsewhere in table. 

§ Cinder and sinter obtained from treating pyrites; they were treated in Delaware, Tennessee, Colorado, 
Pennsylvania, Virginia, and Arizona. 
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TABLE 9.—Current and announced capacity for producing high-grade iren-ore 


agglomerate 
Annual 
capacity First 
State, company, and plant Product (thou- year of 
sand operation 
long tons) 
Michigan: 
Humboldt Mining Co., Humboldt. Pellets...........- 650 02. 5 1955 
Marquette Iron Mining Co., Republic...... 3 dais ee 800 63. 5 1955 
Do. (expansion) 3 8 1. 600 63. 5 1962 
Empire Iron Mining Co., Empire........... EH, GE Ao 1. 200 65. 0 1963 
The Hanna Mining Co., Groveland......... E, BEES 48 caian 1, 250 60.0--| 1963 
Minnesota: 
Erie Mining Co., Hoyt Lakes 4 ꝗ . (A 7, 500 62. 5 1958 
Reserve Mining Co., E. W. Davis...............].-.-. dO: EE 6, 000 62. 5 1955 
Do eee PA Ä 8 3, 000 62.5 1963 
United States Steel Corp., Pilotac and Exteca....| Sinter and 900 63-66 1953 
nodules. 
Missouri: 
Meramao Mining Co., Pea Ridge. Pellets............ 2, 100 64.0 1002 
New Jersey: 
N Shamoon Industries, Mt. Hope Blocks............ 200 67.2 1943 
ew York: 
Jones & Laughlin Steel Corp., Benson Binter 1, 800 64.0 1044 
National Lead Co., McIntyre....................|----- 66 600 58.2 
Republic Steel Corp., Port Henry. 4 z 98989 700 65. 5 
Republic Steel Corp., Chateaugay . mee 9 450 66.0 1 
Pennsylvania: 
Bethlehem-Cornwall Corp., Grace............... Pellets 2, 000 65. 6 1061 
BBl EEN, “' S 600 62. 9 (1) 
Tennessee: 
Tennessee Copper Co., Copperhill............... Binter......... adu 550 69. 1 () 
Wyoming: 
United States Steel Corp., Atlantic City. Pellet8............. 1,000 65.0 1962 
Total- A IA AA o DEE 
1 Data not available. 


TABLE 10.—Iron ore produced in the Lake Superior district, by ranges 
(Thousand long tons and exclusive after 1905 of ore containing 5 percent or more manganese) 


Marquette | Menominee] Gogebic | Vermilion 


1 In some instances data do not add to totals shown because figures have been rounded. 
2 Included with Mesabi range to avoid disclosing individual company confidential data. 
3 Includes production from Spring Valley district not in the true e Superior district. 


TABLE 11.—Average analyses of total tonnages (bill-of-lading weights) of all 
grades of iron ore from all ranges of Lake Superior district 


Content (natural), percent 


Year Long tons — 

1952-56 (average) 78. 812, 449 50.71 | 0.098] 10.08 0. 72 10. 69 

117771öĩÜͤ]..v! Era 83, 264, 900 62.14] 089] 939] 65 £9.88 |.......... 

E 52, 243, 820 53.78 „6086 8.7 „53 34849 |.......... 

1;öO esa deze 44, 402, 848 53.811 085 8.93] 61] 8.29 

/ COR eset c seen 67, 438, 764 53.844 083] 8.90010 63  $3&29|.......... 
ee 55, 402, 968 . 


1 Alumina analyses not available prior to 1961. 
Source: American Iron Ore Association. 
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TABLE 12.—Beneficiated iron ore shipped from mines in the United States 
(Thousand long tons and exclusive of ore containing 5 percent or more manganese) 


Proportion of 
beneficiated to 
total (percent) 


à 
E 
à 


8888 


555758 
282888 
«] En Gi 0 Qu 


E 


1 Revised figure. 


CONSUMPTION AND USES 


Consumption of iron ore increased in each quarter of 1961, reversing 
the trend of the preceding year, but total consumption was 9 million 
tons less than in 1960. Iron-ore consumption in blast furnaces de- 
creased more than 6 million tons, and the tonnage of ore routed through 
agglomerating (sintering) plants prior to charging in the blast furnace 
decreased nearly 2 million tons. 

Domestic ores comprised 78 percent of the ore charged to blast 
furnaces, 26 percent of the ore charged to steel furnaces, 61 percent 
of the ore agglomerated at consuming plants, and all of the ore ag- 
glomerated at mine sites. 

Agglomerate produced at consuming plants, mostly sinter, totaled 
36.0 million long tons, and agglomerate produced at mine sites, mostly 
pellets, totaled 17.9 million long tons. 

Until about 1952 sinter was virtually the only type of agglomerate 
produced. Devised as a means of utilizing iron-ore fines, flue dust, 
and other waste materials accumulated at the blast-furnace site, sinter- 
ing resulted in higher recovery through recirculation of raw materials 
that had already been “consumed” but lost in the processing. From 
this beginning, the sintering process expanded steadily, and current 
practice is to purchase ores specifically for sintering. Th 1943, sinter 
comprised 12 percent of the total (iron ore plus sinter) consumption, 
compared with 41 percent in 1961. 

ith construction of the taconite and jaspilite plants in the Lake 
Superior district, beginning on a pilot-plant scale in 1952, the produc- 
tion of pellets at mine sites began to increase. In 1961, pellet consump- 
tion comprised 12 percent of total (iron ore plus Groe consumption. 
Nodules, briquettes, block-iron ore, and unclassified imported ag- 
glomerates were used in smaller quantities. 
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TABLE 13.—Consumption of iron ore in the United States in 1961, by States and 
uses 


(Long tons and exclusive of ore containing 5 percent or more manganese) 


Metallurgical uses 
A A MS cel: 
State laneous Total 
Iron blast Steel Agglomer- uses 
furnaces furnaces ating 
plants 
Alabama, Kentucky, Tennessee, and Texas -| 4,703,159 324,959 | 3,291,740 | 100,019 | 8,419,877 
Cal'fornía, Colorado, and Utah 3, 742, 331 482,049 | 3,079, 931 65, 234 7,369, 545 
Delaware, Maryland, and West Virginia....| 3,267,057 770,291 | 5,327,397 5,945 | 9,370,690 
Illinois and Indiana......................... 8, 135, 541 1, 491, 327 8, 592, 832 (1) 18, 219, 700 
Michigan and Minnesota 2, 766, 505 233, 203 | 18, 066, 000 121, 037 21, 236, 745 
New York, Ohio, Pennsylvania, and New 
ue EE 17,152,112 | 3,068,067 | 14, 244, 364 74,117 | 34, 538, 660 
Ua 8 , ; 
rl s 39, 766, 705 6, 419,896 | 52, 602, 264 465,077 | 99, 253, 942 


1 Included with “Undistributed.” 

2 Includes States indicated by footnote 1 plus the following: For cement, Arkansas, Florida, Georgia, 
Idaho, lowa, Kansas, Louisiana, Missouri, Montana, Nebraska, New Mexico, Oklahoma, Oregon, South 
Carolína, South Dakota, and Washington; lor paint, Georgia and Oregon. 


TABLE 14.—Production and consumption of agglomerates in the United States in 
1961, by States 


(Thousand long tons) 


Agglomerate consumed 1 


Agglomerate 
State produced 
In blast In steel 
furnaces furnaces 
Alabama, Kentucky, Tennessee, and Texas 2.027 5, 496 (3) 
California, Colorado, and Utah. cll ll. l.l. 3, 320 i 
Delaware, Maryland, and West VIrginla . 5. 489 5,674 EE 
Illinois and Indiana. gs SES 9, 634 12, 129 (1) 
Michi and Minnesokaůaꝶaauuaͤauaaaa o 17,771 4, 642 |..........-- 
New York, Ohio, and Pennsylvania 15, 754 24, 363 386 
Tola] AA A A TEE ETE 53, 995 55, 613 764 


: tee .Symillionjtons}of agglomerate produced in foreign countries. 
Included in total. 
3 In some instances datako not add to totals shown because figures have been rounded. 


TABLE 15.—Production and consumption of agglomerates in the United States in 


1961, by types 
(Long tons) 
Agglomerate consumed 
Agglomerate 
Type produced 
Bintéf Soe eat a 38, 463, 697 
Pelea 15, 033, 436 
M 0 GE 419, 741 
elek d EE, II EE 
Other EE 78, 388 472, 853 4, 365 
BOGS EE EE 1, 060, 159 418, 137 
Ne WEE 53, 995, 262 | 55, 613, 479 763, 601 
1 Includes self-fluxing sinter. 


2 Included with other. 
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STOCKS 


Stocks of iron ore at domestic mines, docks, and consuming plants 
were 5 million tons less than the record high of 1960. Stocks at con- 
suming plants and mines at yearend totaled 58.8 million and 10.6 
million long tons, respectively, and according to the American Iron 
Ore Association, stocks of ore at U.S. docks totaled 6.1 million tons. 


TABLE 16.—Stocks of usable iron ore at mines, Dec. 31, by States 
(Thousand long tons) 


Michigan, Minnesota, and Wisconsin K 8, 217 
258 44 


Alabama and North Carolina EE ees 


Colorado, Idaho, Missouri, Texas, A AAA ÓN 155 
TOU BEEN 10, 626 
1 Revised figures. 
PRICES 


The average value of domestic usable ore per long ton f.o.b. mines 
excluding byproduct ore was $8.99, compared with $8.72 in 1960 and 
$8.69 in 1959. These data were taken from producers' statements and 
approximated the commercial selling price less the cost of mine-to- 
market transportation. 

Lake Erie base prices per long ton for Lake Superior iron ores re- 
mained at the 1957-60 level : Mesabi non-Bessemer, $11.45; Mesabi Bes- 
semer, $11.60; Old Range non-Bessemer, $11.70; and Old Range Bes- 
semer, $11.85. These prices were for ores containing 51.5 percent 
iron, natural, delivered at rail of vessel at lower lake ports, and they 
were used as a basis for negotiating premiums or penalties to be ap- 
plied for variations in the analyses ud physicalstructure. Humboldt 
pellets in 1961 reportedly sold at a premium of $1.25 per gross ton 
over Old Range non-Bessemer. This was about equivalent to 25.2 
cents per unit of iron at lower lake ports. 

Swedish iron-ore pellets, 68-percent minimum iron content, were 
quoted at 24 to 25 cents per long ton unit (22.4 pounds of iron content), 
and Brazilian iron ore, 68-69 percent iron, was quoted at 22 to 22.5 
cents per unit, both at Atlantic ports. Venezuelan iron ore, 58 per- 
cent iron, was quoted at $8.95 per metric ton ($9.09 per long ton), f.o.b. 
Puerto Ordaz. 

Japanese importers were reportedly paying 23 to 24 cents per long 
ton unit at Japanese ports, with f.o.b. prices varying according to 
port facilities and distances. In some instances financing for mine and 
transportation development was supplied by the Japanese. 

Imports (c.i.f.) to Western Europe ranged from about 84 shillings 
(US$11.76) to about 126 shillings (US$17.64). 
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TABLE 17.—Average value of iron ore shipped from mines in the United States 


in 1961 
(Per long ton) 
Direct-shipping ore Iron ore concentrates 
State 
Hema- | Brown | Magne-| Hema- 
tite ore tite tite ore 
e ß 
Michigan WEE 
Minnesota.....-.--- cc E eco eec 
fal eo dei ] mm ER 7.22 
Other States. ON : 9.38 | $13.24 
Ne) A EEN ; i 7.19 | 13.24 


1 Included with hematite concentrate. 
? Included witb direct-shipping hematite. 


TRANSPORTATION 


The Great Lakes shipping season began on April 15, with a ship- 
ment from Silver Bay, Minn., and closed December 4, with a shipment 
from Marquette, Mich. After a slow start, lake shipments increased 
as the season progressed, but the total tonnage, 53,925,637 long tons 
from domestic sources, was some 12 million tons less than in 1960. An 
additional 6,917,282 tons was imported into the Michigan, Chicago, 
Ohio, and Buffalo customs districts. 

Transportation comprised as much as 40 percent of the total cost 
of iron ore, and venders throughout the world sought to improve their 
competitive position by lowering transportation costs. Where 
feasible, larger, specialized ore carriers and ship-handling facilities 
were in use or under construction. 

In Great Lakes shipping, the trend was toward the use of the larger 
units and retirement of the smaller ships. The average iron-ore cargo 
loaded at U.S. Great Lakes ports reached a new high of 14,533 long 
tons, compared with 13,555 tons in 1960.“ As of December 31, 1961, 
the U.S. Lakes fleet consisted of 210 vessels with an average carrying 
capacity of about 13,300 long tons. This total compared with 229 
ships with an average capacity of 12,650 tons at the beginning of the 
year. 

The new Poe Lock, at Sault Ste. Marie, was scheduled for comple- 
tion in 1964. This lock will be 100-feet wide and 1,000-feet long, and 
will have a sill depth of 32 feet to permit passage of at least a 90-foot- 
beam ship. With this development, the existing loading and unload- 
ae docks and the lake fleet were seen to be approaching a stage of ac- 
celerating obsolescence. 

The loading facility at Seven Islands and the new dock at Port 
Cartier, both on the Gulf of the St. Lawrence, were designed to load 
vessels up to 100,000-ton carrying capacity. Vessels transporting ore 
from Chile and Peru to the United States and Europe were limited 
to about 40,000 tons by the dimensions of the Panama Canal, but at 
least one shipment of 50,000 tons was sent from Peru to Japan, and 
future shipments of about 100,000 tons were foreseen. 


* Lake Carriers Assoctation. Annual Report, 1961. Pp. 85-80. 
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Possible future developments in transportation were widely dis- 
cussed in 1961. These included the proposed pipeline transportation 
of iron ore, a Lake Erie to Ohio River canal, a new channel parallel to 
the Panama Canal, and a highly efficient “integral” train system. 


RESERVES 


Iron-ore reserves of Michigan and Minnesota given in tables 18 
and 19 are recalculated each year as deposits are explored and mined, 
and they represent only taxable and State-owned reserves, excluding 
jaspilite and taconite resources. 


TABLE 18.—Iron-ore reserves in Michigan, Jan. 1 


(Thousand long tons) 
Range 1953-57 1958 1959 1960 1961 1962 
(average) 
„ 20, 685 25, 187 23, 547 10, 341 17. 911 15, 441 
c AAA 8 65. 628 64, 027 58. 719 55. 575 54. 001 45. 05 
Menoemn e... ñ• 60, 683 60, 877 58, 535 53. 554 52, 167 50, 147 
// ³˙¹Üw idos 155,996 | 150,091 | 140,801 | 128,470 | 124,079 110, 793 


Bource: Michigan Department of Conservation. 


TABLE 19.—Unmined iron-ore reserves in Minnesota, May 1 


(Thousand long tons) 
1952-56 1957 1958 1959 1960 1961 

(average) 
Mesabl foot cee 809, 454 | 697,267 | 618,606 | 564,253 | 520, 269 468, 925 
Weines AS secede 11, 840 9, 641 9, 044 8, 307 8, 887 9, 234 
rh cows cues e REM 51, 947 §2, 337 44, 416 42, 701 36, 944 35, 343 
Total Lake Superior district (taxable) ....| 873, 241 759, 245 | 672,066 | 615, 261 566, 100 513, 522 
Fillmore Count 670 ,125 2, 088 2, 930 2,7 
Morrison Count 22222222 PAD EE, A A E A 
AE AA m uo rer Dez 853 825 825 825 825 825 
Mower County. nn 3 171 118 173 152 68 1 
Olmstead County... A A E 28 28 141 98 
State ore (not taxable)...................- 1, 038 2, 629 1, 134 9, 263 9, 076 9. 158 

— — Kaes 


11952 only. 
3 1954-56 average. 


Source: Minnesota Department of Taxation. 


FOREIGN TRADE * 


Imports were 25 percent below those of 1960 and the lowest since 
1955. Exports, chiefly to Japan and Canada, were slightly lower 
than in 1960, but announced contracts with Japan indicated future 
shipments of about 2 to 3 million tons annually during the next several 
years. 


* Figures on importa and exporta compiled by Mae B. Price and Elsie D. Jackson, Division 
of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Commerce, 
Bureau of the Census. 
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TABLE $31.—U.8. imports of iron ore in 1961, by customs districts 


Connecticut............-. $000 ARO AAA $14, 038, 680 
Bt. Lawrence.........-..- 50. 564 EE 34, 311, 614 
Buffalo. 11, 887, 500 || New York................ 43, 361 
Philadelphia 80, 305, 216 lr 13, 805, 873 
Maryland................ 71, 339, 924 || New Orleans............- 6, 166, 125 
Virginia 53 4, 484,128 || Galveston. ..............- 1, 240, 315 
Laredo 421, 823 || San CISCO. eene 1, 612 
Duluth and Superior. A 054 

333 12, 425, 263 Total... eee recens 250, 225, 552 


Source: Bureau of the Census. 


TABLE 22.—U.8. exports of iron ore, by countries 
(Thousand long tons and thousand dollars) 


1952-56 1957 1958 1959 1960 1961 
(average) 
Destination 


Value | Quan-| Value | Quan-| Value | Quan-| Value | Quan-| Value | Quan-| Value 
tity tity tity tity tity 


Canada......| 3, 844/$29, 525| 3, 958838, 871| 3, 077829, 701| 2, 453/$28, 189| 1 4, 428|1 $48, 989 8, 889842, 209 


Germany 
West . ® | (9 o e 9 | (9 [......]....... 9 | om 130| 1,782 
Japan. 664] 6,495| 1,041| 10,532] 493| 5,044| 507] 5,247| 830] 8,622]  883| 9,510 
Mexico...... 1 9 1 8l (5 4| mm Jö A Ewen Së 
Union o 
o Africa... ol 87 2| 195 8| 140 3| 127 4 174 4 17 
er 
countries...| (4 160 (9 1 (9 9 4| 266 2 114 10| 133 


— —— — —— — — ee 


Total. .] 4. 500 38, 082] 65, 002] 47. 543| 3. 5730 34, 898 2. 967 33, 831| 1 5, 273| 1 57, 809 4,916) 58, 823 


8 Less than $1,000. 
4 Includes countries receiving less than 1,000 tons each. 


Source: Bureau of the Census. 


WORLD REVIEW 


World production of iron ore was 15 million tons below the record 
output of 1960, but productive capacity continued to expand. A list 
of new projects operating and under development was published.“ 
World consumption of iron ore increased slightly, but it did not keep 
pace with the expanding productive capacity. Thus, the tendency 
was to use the higher grade ores, and mine production in a number 
of the older low-grade or high-cost mining areas was curtailed. 

Imports to the United States declined nearly 9 million tons in 1961, 
and imports to Western Europe decreased nearly 4 million tons; 
however, imports to Japan increased 5 million tons.* 

A forecast was made that steel 1 production in Latin America 
(including Mexico) would increase from 5.3 million tons in 1960 to 
20.7 million tons in 1972. 


$ Engineering and Mining Journal. Mine, Mill and Smelter Survey. "V. 168, No. 1, 
January 1962, pp. 102-112. 
111 hipping Report 205. World Iron Ore Trade in 1961. W. G. Westin, Ltd., 

ndon, : 

* Miller, J. R. n e Expanding Latin American Steel Industry. J. Metals, v. 14, No. 1, 
January 1962, pp. 28-83. 
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TABLE 23.—World production of iron ore, iron-ore concentrates, and iron-ore 
agglomerates by countries? 


(Thousand long tons) 


Quatemala.............------ e e A 4 5 24 34 15 
tte A E T E 3 935 3 955 3 875 924 1, 190 
United States / 106, 148 67, 709 60, 276 88, 784 71, 329 
vk A ³ AAA SENE 127, 330 82, 757 83,046 | 109,090 90, 871 
Ses EE LEE | ogee LE | ena 
South America: 
Argentine... ER 66 65 108 2135 118 
Brag A A ; 4, 898 5, 103 8, 766 9, 197 9, 193 
Chllé: one 8 2, 652 8, 605 3, 843 4, 615 b, 142 
Colom better eer em qui 584 553 645 2640 
EE 3, 522 3, 532 3, 519 6, 880 567 
Venezuela — 15, 054 15, 240 16, 929 19, 182 14, 425 
lll e secSESE CEA 26, 776 28, 098 33, 564 40, 654 35, 085 
Europe 
AA AA 9 88 173 3 175 3 225 
ul!!! Mm , 441 8, 356 3, 329 9, 486 3, 635 
, edel e 136 121 140 157 116 
Bull cose ccoscevcsccosce 267 340 370 411 
Czechoslovakia..............-.......- 2, 706 2, 755 2, 921 3, O71 3, 242 
Finland Eeer ege eeng 207 212 Kell 
Fl EE 56, 873 58, 534 59, 976 65, 907 65, 525 
Germany 
'C 1, 455 1, 482 1, 574 1, 618 1, 673 
West DCN 18, 031 17, 704 17, 778 18, 571 18, 568 
e ß 424 5 154 2 295 3 295 
ds A 327 365 432 508 595 
Ill mA Re TEdawe Ce uE 1, 556 1, 272 1,217 1, 225 1, 181 
LuxetmboüIpmg...2---2-22-922-92 2.225. 7, 719 6, 6, 867 , 940 
Nr ³ðA ⁵ 8 1, 567 1,617 1, 558 1, 665 1, 624 
Poland? 02. 225 cco pco 8 1, 757 1, 931 1, 982 2, 148 2, 348 
Portugal AAA A En cEdaSS ] 228 297 238 
tee tor E EE 634 731 1, 047 1, 437 1,710 
J%«§öéÜÜ⁵ꝛẽ . ! ĩ⅛ y ĩͤ 5. 155 4. 954 4. 536 „549 5. 941 
Seh. A o 19, 609 18, 023 18, 061 20, 975 22,771 
Switzerland 114 275 2 60 125 3 80 
USS EE 27: 82, 963 87, 414 92, 531 104, 343 116, 137 
United Kingdom..................... 16, 902 14, 613 14, 870 17, 088 16, 512 
Y UPOSIA ggg ; 1, 846 1, 965 2, 062 2, 165 2, 120 
Total EE 2 224,070 224, 588 231, 639 258, 341 272, 597 
Asia: 
DUDA EG 4 6 4 16 216 
Eise. O ESLsS Rene 14, 800 29, 500 44, 300 64, 100 44, 300 
Hong Ron. 94 105 120 115 117 
Indias cacas aras 5, 085 6, 033 7, 810 10, 514 12, 061 
e ssec a RC Dd dE 0 3 10 138 59 „„ 
rr EE 2. 204 2, 056 2, 508 2, 809 2, 719 
Korea: 
NOI. EE 3 1, 040 1, 527 2, 660 3, 059 3 3, 400 
Republic o 182 278 
PA EE 41.) 23k 3| 82222 
NIRA A ĩðK 1, 449 2, 972 2, 795 3, 761 5, 641 6, 734 
Pakistan 1k... os cardo Deeg Kee 2 24 6 
Philippines ca 1,316 1,325 1, 082 1,211 1, 121 1.153 
Portuguese Ind ia L 489 2, 901 2, 889 3, 025 5, 764 3 5, 900 
q A ³·¹¹ A 1 5 10 8 13 
Thailand (Siam) 7 5 9 15 6 11 55 
I/. •⁰¹.. . 643 1, 146 936 859 723 746 
Io!!! 18, 100 31, 850 47, 400 66, 600 84, 350 77, 800 
See footnotes at end of table. 
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TABLE 23.—World production of iron ore, iron-ore concentrates, and iron-ore 
agglomerates by countries—Continued 


(Thousand long. tons) 
1952-56 
Country (aver- 1957 1958 1959 1960 1961 
age) 
Africa 

A...... A 3, 078 2, 746 2, 208 1, 897 3, 384 2, 822 
lA O AA 104 282 649 799 
aoe Republic ofſ 22 6 613 1, 074 405 337 764 533 
aT E AE 8 1, 474 1, 935 2, 264 2, 647 3, 003 3, 200 
¡e 8 1, 488 1, 839 1, 514 1, 245 1, 552 1, 439 

sede and Nyasaland, Federation 
Southern Rhodesia............... 77 133 143 128 156 382 
Sierra Leone 1,179 1, 324 : 1, 426 1, 447 31,770 
A A A ði A HEH, (9 AA 
NL ET EE ER 1, 044 1, 162 1, 086 1,017 836 
Union of South Africa 1, 906 2, 047 2,177 2, 845 3, 023 3, 898 
United Arab Republic (Egypt)....... 16 129 250 175 2 3 295 
Total. ee ai 10, 988 12, 614 11, 644 12, 076 15, 243 15, 974 

Oceania 

1 3 rtc gode ee eL QE 8, 309 3, 806 8,917 4,141 4, 355 5, 000 
YAA A ( 1 12 24 0 
Now Caledonia 18 28 230 290 282 272 273 
fr. / s eucuedi o tradc eur 3, 427 4, 037 4, 210 4, 435 4, 651 5, 283 
World total (estimate) 336, 879 | 426,677 | 398,697 | 431,360 | 512,329 497, 610 


1 This table incorporates some revisions. Data do not add to totals shown because of rounding where 
estimated SES are included in the detail. 
stima 


8 1 
des byproduet ore. 

Average annual production 1954-56, 

6 Average annual production 1953-56. 

? Data not available; ie included in the total. 

8 Iron concentrates and pellets 

* U.S.S.R. in Asia included with U.S.S.R. in Europe, 

1% Roughly equivalent of 50 percent iron. 

11 Year ending March 21 of year following that stated. 

13 Includes iron sand production as follows: 1952-56 (average), 527,472; 1957, 1,067,088; 1958, 898,913; 1959 
1,335,655; 1900, 1,539,346; and 1961, 1,649,125 tons. 

13 Obtained ' principally during exploration activities. 

M Principally mugnetite sands with limonite. 

u One year only, as 1956 was the first year of commercial production. 


Compiled by Pearl J. Thompson, Division of Foreign Activities. 
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NORTH AMERICA 


Canada.—Production of iron ore declined in 1961 because of the low 
scale of operation by the United States consuming industry, but in 
terms of productive capacity, the year was one of growth. 

British Columbia.—Production increased for the fifth consecutive 
year; however, the gains were minor compared with those of the east- 
ern Provinces. The expansion was due primarily to financial support 
and long-range iron-ore purchase contracts from Japanese firms.® 
Three new plants under construction were scheduled to start operating 
in 1962, at rates totaling about 9,000 tons per day. The initial ship- 
ment from the new electric-furnace pig-iron plant of Consolidated 
Mining & Smelting Co. of Canada, Ltd., at Kimberley, was made in 
January. Feed for the 100-ton-per-day plant was produced from iron- 
sulfide tailings from the firm’s Sullivan lead-zinc mine at Kimberley. 

Ontario—A preliminary engineering and feasibility study for a 
1 million-ton-per-year pellet plant, near Kirkland Lake in northeast- 
ern Ontario, neared completion in 1961. The plant was being planned 
to produce pellets containing 66 to 68 percent iron from a magnetic 
5 ore. The property was controlled by Jones & Laughlin Steel 

orp. 

A 100-ton-per-day pilotmill was operated by Anaconda Iron Ore 
(Ontario) Ltd., at a large, low-grade magnetic iron-ore deposit 260 
miles northeast of Port Arthur. Favorable metallurgical character- 
istics, permitting production of a 70-percent-iron, 2-percent-silica con- 
centrate, were proven. Although no schedule was announced for 
construction of a commercial plant, acquisition of the property for $10 
million was reported. 

Caland Ore Co., Ltd., shipped the first ore from its new Mink Point 
open-pit mine, made accessible by the dredging of Steel Rock Lake. 
Production from this pit and fie Lame Point pit, opened in 1960, was 
expected to reach 2 million tons in 1962. 

Newfoundland-Quebec.—The initial shipments of iron-ore concen- 
trate from Port Cartier on the Gulf of St. Lawrence were made on 
July 5, 6, and 12. These shipments tested the dock and handling 
facilities for the Quebec-Cartier Mining Co.“ mine and concentrator, 
193 miles to the north, at Lac Jeannine. This plant was designed for 
an annual production of 8 million tons of high-grade concentrate 
from 20 million tons of crude ore. 

The Iron Ore Company of Canada continued its mine development 
and mill construction at Carol Lake. The facility, scheduled for com- 
pletion in 1962, was to produce annually 7 million tons of concentrate 
containing 64 to 65 percent iron. Announcement was made late in 
1961 that construction of a 5.5-million-ton pelletizing plant near the 
Carol Lake concentrator was to begin immediately. 

Wabush Iron Co., Ltd., announced a Can$20 million expenditure for 
1961; about $15 million was marked for harbor and dock facilities at 
Pointe Noire on the Gulf of St. Lawrence. With participation of 
Italian and West German steel firms, new plans were announced for 


* Elliott, Thomas. Japanese Market Activates Mineral Output. Precambrian Mining in 
Canada, v. 34, No. 6, June 1961, pp. 11-14. 
* Metal Bulletin (London). Quebec-Cartier of Canada. No. 4654, Dec. 12, 1961, pp. Lie, 
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increasing annual productive capacity to about 6 million tons of 
concentrate. Production was scheduled to start by late 1964. 

Mexico.— Production of iron ore exceeded 1 million tons for the first 
time in 1961. Mining operations at the Penitas 1 Encino) open 
pit near Colima on the West Coast began early in the year. Pending 
completion of an aerial tram, ore was being hauled 20 miles by truc 
from the mine to the National Railway line for transportation to the 
Hojalata y Lamina, S.A., (HyL) plant at Monterrey. The mining, 
crushing, and ore-handling facilities were operated by Empress 
Industriales, S.A., a firm associated with HyL. 


SOUTH AMERICA 


Argentina. Production of iron ore was 118,000 tons; however, Ar- 
gentina was the second largest market, after Brazil, for finished steel 
products.“ Iron ore from Chile, Brazil, and Peru, and coal from 
the United States were consumed in a new integrated steel plant in 
San Nicolas on the Parana River. In January the Argentine Cabinet 
approved an agreement for a mineral survey and, if feasible, exploita- 
tion of the Sierra Grande iron-ore deposits 1n Rio Negro Province. 

Brazil.— According to Brazilian press reports, a new iron-ore policy, 
which would permit greatly expanded production, was under con- 
sideration.** It was stated that the export policy should permit an 
annual sale of 20 to 30 million tons. 

Various reports were issued concerning negotiations involving Ger- 
man, Japanese, and US firms for construction of steel plants in 
exchange for iron ore. However, transportation continued as the 
major controlling factor in Brazilian production. Exports increased 
each year from 1958 through 1961, and the outlook was for additional 
increases in an approximate ratio to improvement in rail and port 
facilities. 

Chile.—Bethlehem Chile Iron Mines Co. announced, in November, 
tentative plans to invest US$9 million to expand the firm's iron-ore 
mining and beneficiating plant for treating accumulated fines at the 
El Tofo mine. This expansion and that at the El Romeral mine were 
expected to increase the firm’s output to 3 million tons per year. 

A comprehensive survey of the Chilean iron-ore industry was pub- 
lished *? by the Chilean dot 

Minerals & Chemicals Philipp Corp., a U.S. cempany, purchased 
a controlling interest in Compania Minera Santa Fe, Chile's largest 
iron-ore producer and exporter. Mechanization of the firm's Carmen 
mine (new mining e KG a crushing and screening plant and a 
115-mile conveyor belt), completed in December 1960, increased the 
mine’s productive capacity to 1 million tons per year. 

Cia Minera Atacama (organized by the Japanese Mitsubishi firm) 
began producing at a rate of about 600,000 tons per year from the 
Adrianitas mine, and it negotiated contracts with Cia Acero del 
Pacifico and Cia Minera Sante Fe to expand exports to Japan. 


19 Cang, Carl A. Latin America's Iron and Steel Industries. J. Metals, v. 14, No. 1, 
January 1962, pp. 34-42. 
„U. . Embassy, Bio de Janeiro, Brazil. State Department Dispatch 371, Nov. 1, 1961, 


p. 2. 
12 Ministerio de Mineria, Servicio de Minas del Estado Chile. La Mineria del Hierro en 
Chile. 1961, 49 pp. . 
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Peru.—A 1.3-million-ton 5 plant, at San Nicolas Bay, 
was completed late in 1961 by Marcona Minin Co. It included crude- 
ore stockpiling and reclaiming facilities, third and fourth stage crush- 
ing and screening operations, a scrubbing and magnetic cobbing 
plant, a single-unit heavy-medium plant, a 10, 000-Kw diesel power- 
plant, concentrate and product storage and reclaiming facilities, 
and a dock and shiploader. A pelletizing plant was scheduled for 
completion in 1963. By the mid-1960’s the company expected to ship 
10 million tons (total) of direct-shipping ore (lump ore), concen- 
trate suitable for sinter feed, and pellets. 

Electric-furnace production of pig iron at the Chimbote Steel Works 
was described. A 3,850-short-ton per-month production of pig iron 
was reported. 

Venezuela. —Decline in production of iron ore to 14 million tons, com- 
pared with 19 million tons in 1960 and 17 million tons in 1959, was 
attributed chiefly to low demand in the United States. 

The Koppers Co. of Pittsburgh was reportedly called in to expedite 
construction of the Government steel plant at Matanza on the Orinoco 
River. The plant construction started more than 4 years before, and 

lans were for an annual capacity of 750,000 tons, using an electric- 
rnace process for producing pig iron and conventional open heatth 
refinement to steel. 

In President Bentancourt’s message to Congress on March 11, he 
reiterated the Government policy that no new concessions for iron 
ore would be granted to private eeng The Government continued 
its program of appraical of the Iron Quadrilateral of San Isidro and 
announced proven reserves of 380 million tons (62 percent Fei 3 


EUROPE 


The European Coal and Steel Community produced 93 million lon 
tons of iron ore, compared with 116 million tons in the U.S.S.R. an 
71 million tons in the United States. Production in Sweden (23 mil- 
lion tons), the United Kingdom (17 million tons), and other European 
jupes brought the total for Western Europe to more than 140 all on 
ong tons. 

Production of pig iron by the six-nation Coal and Steel Community 
(Germany, Belgium, France, Italy, Luxembourg, and the Nether- 
lands) increased slightly to 61 million short tons, and output in the 
United Kingdom decreased slightly to 16.5 million tons. 

France.—A though production of pig iron increased slightly to 16.4 
million tons, and further expansion in productive capacity was 
planned, the demand showed some signs of weakening. 

Iron-ore production was virtually equal to the 1960 output. Exports 
of nearly 26 million tons were valued at US$100 million, and imports 
of high-grade foreign ores increased to 1.7 million tons.“ 

The Fourth Modernization Plan of the French Iron and Steel In- 
dustry (1962-65) was announced,“ it called for an increase in capacity 


Shapiro, William. The Chimbote Steel Works. Blast Furnace and Steel Plant, v. 49, 
No. 11, November 1961, pp. 1083-1100. 
^ U.S. Embassy, Caracas, Venezuela. State Department Dispatch 894. Mar. 21, 1961. 
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u U. S. Embassy, Paris, France. State Department Dispatch 1472. May 9, 1962, p. 10. 
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by 1965 to 21 million tons through the construction of 12 new blast 
furnaces and the rebuilding of 26 existing furnaces. The current 6- 
million-ton sinter production was to be quadrupled by 1965. Produc- 
tion of iron ore was expected to reach 85 million tons by 1965. 

Germany, West.—The trend toward increased use of high-grade for- 
eign ores resulted in production curtailment or closure of some German 
mines. Production of iron ore dropped slightly in 1961, and produc- 
tion of pig iron was virtually equal to the 1960 output. German in- 
terest in foreign mines indicated that the trend toward greater use of 
imported ores would continue. 

weden.—Production of iron ore exceeded that of the previous record 
year (1960) and totaled 22.8 million tons. Because of the high grade 
of ore and ready access to European markets, little if any curtailment 
was 3 or 1962. Luossavaara-Kiirunavaara AB (LKAB), 
Sweden’s principal iron-ore producer, announced plans for developing 
a new area in the Svappavaara district, in Arctic Sweden, by 1968. 

United Kingdom.—Iron-ore imports declined more than 3 million 
tons, and domestic production decreased 0.6 million tons. Scandinavia 
replaced the Americas as the chief source of supply. 

U.S.S.R.—A seven-year plan (1959-65) for development of the iron 
and steel industry was outlined." Under this plan, a third metallur- 
gical *base" was to be built east of the Urals in Siberia and Kazakh- 
stan. In 1961, bases in the Ukraine and in the Urals were the major 
producers of iron and steel. 

The seven-year plan reportedly would add 130 million short tons of 
iron ore annually, increasing output to 220 million tons. Trends in 
Soviet blast-furnace practice and new blast-furnace design were re- 
viewed in the same article. 

ASIA 


China.—Iron and steel production figures were not published for 
1961. With the qanonnced emphasis on agriculture and the retrench- 
ment in industrial development, there was undoubtedly some reduction 
from the 30-million-ton pig-iron production reported in 1960. One 
estimate 18 indicated that production of pig iron in 1961 may have 
been as low as 22 million tons. 

India.—A review of India's iron and steel industry was published. 
High-grade iron-ore reserves of 21.3 billion tons and coal and lime- 
Stone resources adequate for many decades were estimated. A require- 
ment for domestic consumption of 10 million tons of iron ore and 
exports of about 3.5 million tons were estimated for 1961. Except for 
possible transportation shortages, no difficulty was foreseen in meeting 
these goals. 

Japan.— The continued expansion of steel production, up 27 percent 
from 1960, the previous record year, and the worldwide network of 
iron-ore sources were of interest in 1961. Production of pig iron 
totaled 18.0 million short tons. Japanese assisted in developing new 


217 Denisenko, Ivan, and Roman Belan. Development of U.S.S.R. Iron and Steel Industry. 


Iron and Steel Hng, v. 38, No. 9, September 1961, pp. 93-103. 
18 Wel, Anton W. T. Minerals in China in 1961. Min. J. v. 258, No. 6607, Apr. 6, 1962, 
vn, 834-337 
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pp. 


676 MINERALS YEARBOOK, 1961 


iron-ore sources and transportation facilities, and they negotiated long- 
term purchase contracts in several areas. 

Malaya.—Malaya continued as the largest supplier of iron ore to 
Japan, providing about 5.8 million long tons. The new Rompin Min- 
ing Company, Ltd., mine, at Bukit Ibam, neared the production stage 
in 1961. The development included townsites docks, and a railway 
extending some 60 miles. Initial production of 1 million tons in 1962 
was planned, with later expansion to 3 or 4 million tons per year. 


AFRICA 


Algeria.—Production, from seven mines in operation, was down 17 
percent from 1960, and exports were 24-percent lower. Great Britain, 
with 56 percent of the total export quantity; West Germany, with 
24 percent; and Italy, with 11 percent, were the principal purchasers. 

Angola.— Production from the Cassinga and Cuima iron-ore deposits 
increased to nearly 800,000 long tons. Rail construction linking 
Cuima with an existing line to the coast was near completion at year- 
end. This rail line was expected to reduce the cost of transportation 
to the port at Lobito, a distance of 250 miles. Transportation from 
the Cassinga deposit to the port at Mocamedes, a distance of 360 miles, 
involved truck haulage for some 60 miles and rail haulage for the 
remaining distance. 

Gabon.—Exploration of the Makambo iron deposit in northeast 
Gabon showed it to be one of the world’s larger deposits of high-grade 
ore, with possibly 1 billion tons of 64-percent iron ore. No decision 
for its exploitation was announced, however, a 4-year survey of the 
transportation problem was begun. The concession is held by So- 
ciété des Mines de Fer de Mekambo (SOMIFER), 50 percent of whose 
capital is held by Bethlehem Steel Co. 

Liberia.—As in 1960, Liberia Mining Co., at its Bomi Hills deposit, 
was the only large-scale producer of iron ore. However, within the 
next few years additional production by Liberian-American-Swedish 
Minerals Co. (LAMCO), National Iron Ore Co. (NIOC), and the 
German Liberian Mining Co. (DELIMCO) was expected to raise the 
annual output to some 20 million tons. 

Mauritania.—Construction of the railroad from Fort Gouraud and 
handling facilities at Port Etienne, 440 miles distant, proceeded on 
schedule. The project, being conducted by a consortium of French, 
British, German and Italian interests, Mines de Fer de Mauritanie 
(MIFERMA), was expected to produce 4 million tons in 1963. 

Union of South Africa.—An agreement was reached between African 
Metals Corp. Ltd., and Yawata Iron and Steel Co., Ltd., for an annual 
export of 500,000 long tons of pig iron to Japan during a 10-year 


period. 
TECHNOLOGY 


Research centered on beneficiating iron ores and increasing blast- 
furnace efficiency. New blast-furnace operating techniques resulted 
in fuel economy and greater furnace throughput, but the greatest ad- 


1851 Embassy, Libreville, Republic of Gabon. State Department Dispatch 22. Sept. 16, 
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vances in productivity resulted from improvements in beneficiation of 
iron ore. In a report 21 summarizing current technology and the iron- 
ore supply situation, it was predicted that 86 million or more tons of 
iron ore, with an iron content exceeding 60 percent, would be available 
to U.S. consumers by 1965. Thus, the iron-ore producers and the con- 
sumers were well advanced in converting facilities to preparation and 
use of 60-percent-plus iron ore. 

Research involved efforts to improve all types of ore, including even 
the taconite pellets of 62 to 63 percent iron, currently considered 
high-grade. Agglomerates with a silica content as low as 1 or 2 
percent were being tested to determine slag requirements; the effects 
of incorporating flux in the agglomerate and the effects of size, poros- 
ity, and other physical properties of raw materials on blast-furnace 
productivity were investigated. 

Resources.—Several State agencies were investigating iron-ore re- 
sources. Preliminary (unpublished) results indicated the possibility 
of substantial increases in the brown iron-ore reserves of Alabama 
Georgia, and Louisiana. A paper”? on the iron-ore potential of 
Idaho was presented at the Pacific Northwest Metals and Minerals 
Conference, Spokane, Wash., on April 14. Exploration of known 
deep-lying deposits in the Pea Ridge-Bourbon areas of Missouri con- 
tinued. Under the stimulus of demand by Japanese consumers, a 
number of deposits in Far Western States were investigated. 

Interest was shown in long-dormant, low-grade deposits; however, 
many mines operating on shipping-grade ore deposits were forced to 
close because the low-grade deposits offered the advantages of low- 
cost mining, large-scale operation, and ease of concentration. 

Mining.— Aspects of the difficult taconite blasting problem were re- 
viewed in three articles" Continuing experimentation at the Erie 
and Reserve mines led to increased consumption of explosives, but it 
also improved overall mining efficiency. At both operations the ex- 

losives consumption reportedly increased from 0.5 pound per 
ong ton of taconite to about 0.65 pound. Explosives, timing, and 
drill patterns varied, but spacing of about 22 by 22 feet was 
common for the 615-inch (minimum diameter) holes. The average 
0 height at Reserve was about 35 feet, and at Erie it was about 
40 feet. 

Beneflciation.— Major research was devoted to procedures for treating 
nonmagnetic taconites and semitaconites. The problems of iron-ore 
beneficlation were reviewed.“ Operation of the pilot plant for a 
$200 million development in Canada was described.? A simple method 
(spirals), with supplementary magnetic and possibly flotation proce- 
dures, proved feasible for treating the Wabush deposit, described as 


n Kore, p H. Iron Ore. The Big Picture. J. Metals, v. 13, No. 9, November 1961, 
pp. . 

eg Young. David W. Iron Ore Occurrences in Idaho. Skillings’ Min. Kev., v. 50, No. 24, 
June 17, 1961, Pp. 1, 6, 7, 26. 

73 Henderson, Bernard. How Heavier Drilling and Blasting Paid Off in Taconite. Eng. 
Min. J., v. 163, No. 1, TUAE 1962, pp. 80-84. 

Calaman, J. J., and H. C. Rolseth. New Look at Jet-Plercing Developments. Eng. 
Min. J., v. 162, No. 5, May 1961, pp. 100-104. 

Bickel, F. D. Developments in Taconite Blasting at Erle. Min. Cong. J., v. 47, No. 11, 
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2 Volin, M. E., R. R. Beebe, and W. A. Hockings. Problems of Beneficlating the Oxidized 
Iron Formations. Mines, October and December 1961, pp. 6-20. 
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“essentially a rather friable itabirite composed of medium grained 
specularite, sugary granular quartz, rather earthy limonite or goethite, 
martite, and fine magnetite.” 

A magnetic device for concentrating hematite was described.“ 
Advances were made in autogenous grinding of iron ores, and a number 
of large units were installed. Improvement and increasing use of 
spirals and heavy-medium cyclones were noted. 

Pilot-plant operations“ were begun in Minnesota by two major 
companies to develop commercial procedures for the magnetic-oxide- 
conversion method of concentrating semi-taconite ores. In this 
method, the hematite in the low-grade ore is converted to artificial 
magnetite by reduction roasting, and concentration is then effected by 
magnetic methods. 

lotation of specular hematite from Michigan jaspilite ore was de- 
scribed,” and studies reportedly were in progress to develop a flota- 
tion procedure for reducing the silica content of magnetic taconite 
concentrate. 

Trends in sintering equipment and operating practice were re- 
orted,? and a new single-strand sintering line, said to be the world’s 
argest, was described.” The machine, with a grate width of 13 feet 

2 inches, has a design capacity of 8,500 short tons per day of self- 
fluxing sinter. The other major method of agglomeration (pelletiz- 
ing) also gained in use, and it was predicted that pellet production in 
1 States and Canada would increase to 50 million tons by 

Two meetings held in 1961 emphasized the importance of agglom- 
eration. The published proceedings“ of one meeting included 10 
papers on the preparation and use of iron-ore agglomerates. The 
second meeting, an international symposium on agglomeration, con- 
sidered the process, but many of the papers dealt specifically with 
iron ore. e combined papers of this symposium were scheduled 
for publication * in 1962. 

Blast Furnace.—Blast-furnace productivity in 1961 began to reflect 
the great advances achieved in technology ; however, the most desirable 
furnace feeds were in limited supply, and fuel-injection techniques 
were still under development for individual applications. The higher 
blast temperatures, up to 2,000? F, were used on relatively few fur- 
naces. Growing acceptance of the new techniques, however, was shown 
by numerous papers, including a number presented in the Blast 

urnace, Coke Oven, and Raw Materials Proceedings * cited earlier. 


* Stone, W. J. D. Jones Wet Magnetic Separator. Canadian Min. and Met. Bull., vol. 
54, No. 593, September 1961, pp. 677—680. 

7 Skillings’ Mining Review. Production Starts at Hanna Semi-Taconite Pilot Plant. 
V. 50, No. 11, Mar. 18, 1961, pp. 1. 4. 
= 55 Mining Review. Oliver Iron Mining’s Semi-Taconite Plant. Vol. 50, No. 6, 

eb. 4, , pp. 

2 Berkhahn. Robert W. How Fiotation Makes High-Grade Specular Hematite Concen- 
trate at Humboldt, pt. 11 of IT. Min. World, v. 23, No. 12, November 1961, pp. 30-33. 
35 Review of Iron Ore Sintering. Iron and Steel Eng., v. 37, No. 5, May 

„ Dp. . 

* Blast Furnace and Steel Plant. Jones & Laughlin Starts Sintering Machine at AN- 
quippa. V. 49, No. 3, March 1961, pp. 259-264, 268. 

31 rale. John J. The Use of Iron Ore Pellets. Skillings’ Min. Rev., v. 60, No. 22, 
June 8, 1961, pp. 1, 4, 5. 

B Blast Furnace, Coke Oven, and Raw Materials Proceedings, A.I.M.E. V. 20, 618 pp. 

€"Agrglomernation, ed. by William A. Knepper. Interscience Publishers, Inc., 1962, 1109 pp. 
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Additional evidence of the changing technology was found in the 
plans for two large-capacity blast furnaces. One under construction, 
at the Duquesne works near Pittsburgh, for United States Steel Corp., 
will have two tapping holes because of its capacity; it will have auto- 
matic probing of the stock column, a top pressure of 35 pounds, a 
hot blast temperature of 2,000° F, an air-cooled hearth, controlled 
sizing of the burden, and advanced instrumentation. Announced 

lans for immediate construction of a large furnace at the Jones & 
aughlin Cleveland works presumably incorporated many of the 
same features. 

Direct Reduction —The more prominent direct-reduction processes 
were reviewed, at a meeting of the Institute of Chemical Engineers 
held in New York, N.Y., in December 1961. Publication of the review 
in a Symposia series was planned for late 1962. A number of individual 
processes were described in the technical press. 

One variation of the direct-reduction process was under investiga- 
tion by the Federal Bureau of Mines. Partially reduced taconite pel- 
lets, containing 80 percent or more iron, were prepared for use as a 
premium blast-furnace feed, and testing in the Bureau of Mines ex- 
perimental blast furnace was scheduled for 1962. Preparation and 
preliminary evaluation of the pellets were described.** 

Bureau of Mines Research. Bureau of Mines resource investigations 
in the Lake Superior district and in several Western and Southeastern 
States involved sampling, metallurgical classifications of the deposits, 
and beneficiation studies. Three publications *” were issued in 1961. 
Mining studies included basic and applied research on rock penetra- 
tion, fragmentation, and mining methods. Fundamental research on 
the mechanics involved in drilling and breaking rock, using chemical, 
mechanical, and thermal energy, was conducted: 

Beneficiation research in progress included flotation, conversion of 
nonmagnetic iron minerals to the magnetic form, treatment of slim 
removal of detrimental impurities, and agglomeration of fine-graine 
concentrate. Three reports“ were published. 


3 Braddock, W. R. Ocarb Electric Furnace Process for the Direct Reduction of Iron Ore. 
Iron and Steel Eng., v. 38, No. 4, April 1981, pp. 123-125. 
Rowen, Harold E., and C. D. hompson. Production Aspects of the Dwight-Lloyd 
McWane Ironmaking Process. Iron and Steel Eng., v. 38, No. 6, June 1961 pp. 90-97. 
Skillings’ Mining Review. Arkota Iron Ore Reduction in Arizona. V. 0, No. 21, 
May 27. 1961, pD. 1, 4, and 5. 
Iron Age. H-Iron Passes the “Acid Test.” v. 188, No. 5, Aug. 8, 1961, pp. 78-79. 
El ae Week. Double-Action Shrinks Route To Iron. V. 88, No. 12, Mar. 25, 1961, 
PP Hansen, J. P., N. B. Melcher, and M. M. Fine. Prereduced Iron Ore Pellets, Their 
Experimental Preparation. J. Metals, v. 13, No. 4, April 1961, pp. 314-315, 
Marovelll, R. L., D. W. Frommer, F. W. Wessel, L. F. Helsing, P. A. Wasson, and 
R. E. Lubker. Lake Superior Resources. BuMines Rept. of Inv. 5670, 1961, DP 
Becker, R. M., S. S. Shannon, Jr., and C. K. Rose. Iron Mountain Titaniferous Magnetite 
Kar Wee Fremont County, € o BuMines Rept. of Inv. 5864, 1961, 18 pp. 
ow, V. T. Magnetite and limenite Resources, Iron Mountain Area, Albany County, 
Wyo. BuMines Inf. Cire. 8037, 1961, 133 ep. 
Jewett, R. P., C. W. Wood, and J. P Hansen. Effect of Particle Size Upon the Green 
Strength of Iron Oxide Pellets. BuMines Rept. of Inv. 5762, 1961, 15 pP: 
Lamont, W. E., I. L. Feld, and B. H. Clemmons. Beneficiation of Red Iron Ore Fines 
from Pyne Mine, Bessemer, Ala. BuMines Rept. of Inv. 5779, 1961, 16 pp. 
Sutton, Joseph A., and John D. Corrick. Possible Uses for Bacteria in Metallurgical 
Operations. BuMines Inf. Circ. 8003, 1961, 8 pp. 
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The Bureau of Mines experimental] blast furnace continued in use 
as one of the industry’s outstanding research tools; it is used for 
evaluation of raw materials and for developing and demonstrating 
new operating procedures. Three Bureau of Mines publications ** 
relating to blast furnace operations and one“ on electric smelting of 
titaniferous magnetite were published. 

An article * published in the technical press described Bureau of 
Mines research on fuel-oil injection. 


7? Royer, Miles B., Norwood D Melcher, and W. O. Philbrook. Smetny Taconite in the 
Bureau of Mines Experimental Blast Furnace. BuMines Rept. of Inv. 5724, 1961, 15 pp. 

Royer, Miles B., and Warren M. Mahan. Significance ef Experimental Operations to 
Industrial Blast-Furnace Practice. BuMines Rept. of Inv. 5766, 1961, 8 pp. 

Derick, Nick, and J. P. Riott. Experimental Smelting of Utah and Wyoming Iron Ores. 
BuMines Rept. of Inv. 5817, 1961, 10 PP. 

* Fuller, H. C., and V. E. Edlund. Electric Smelting Titaniferous Magnetite Ore, 
Iron Mountain, Wyo. BuMines Rept. of Inv. 5776, 1961, 11 pp. 

“Knepper, W. A., P. L. Woolf, and H. R. Sanders. Operation of the Bureau of Mines 
Experimental Blast Furnace with Fuel-Ofl Injection. last Furnace and Steel Plant, 
v. 49, No. 12, December 1961, pp. 1189-1196. 


lron and Steel 
By James C. O. Harris? 


d 
Contents 
Page Fage 
Production and shipments of pig o AA e 692 
o A 8 683 | Foreign Trade 693 
Production and shipments of steel. 687 | World Review 697 
Consumption of pig iron 691 | Technology 714 


steel industry, with uptrends in steel production and employment. 

owever, pressure on prices and increases in labor cost raised the 

break-even point for producers despite advances in technology and 
the installation of improved equipment. 

National pig iron and steel ingot (including steel castings made by 
n producers) outputs in 1961 were 65 million short tons and 98 
million tons, respectively, slightly less than in 1960. Steel castings 
made by foundries that do not make ingots totaled 1 million tons, 
compared with 1.2 million tons in 1960. Shipments of gray and 
malleable iron castings were 11.5 million tons, compared with 12.4 
million tons the preceding year. Indices for the above commodities 
in 1961 (1957-59 —100) were as follows: Pig iron, 99.0; steel ingots, 
100.9; steel castings, 85.5; and iron castings, 77.8. "The corresponding 
figures for 1960 were 101.7, 102.9, 93.9, and 83.7, respectively. 

The United States remained for the 72d consecutive year as tho 
world leader in steel manufacture. Its production represented about 
one-fourth of world output and surpassed that of the U.S.S.R., the 
second largest producer, by 20 million tons, compared with a difference 
of 27 million tons in 1960. 

Advances in technology included the development of new products, 
improvement of old products, and methods for speeding production. 
Among the new products were thin tin-plate, rectangular hot-rolled 
structural tubing, aluminized wire for fences, wire mat for concrete 
construction, high-strength structural steels, and various new alloy 
and stainless steels. New or improved products included differ- 
entially coated galvanized sheets and sheets coated on one side; 
steels lor extreme temperatures, hot and cold; colored stainless steel; 
better enameling and plastic-coated steels; new high-strength steels; 
and many other new products. Nearly 4 million tons of steel, a 
record, was made in oxygen converters at furnace rates as high as 
240 tons per hour. Oxygen also increased open-hearth output at 
some plants to 100 tons per hour. Vacuum melting gained, and new 
high-speed rolling mills were installed. The use of sinter and pellets 
in blast furnaces increased, and progress was made in the use of gas, 
oil, and powdered coal as supplementary blast-furnace fuels. Outlays 
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for construction and new equipment were about $1.2 billion. Bethle- 
hem Steel Corp. formally opened a new $35 million research center 
on October 9, 1961. 

Shipments of steel-mill products including exports totaled 66.1 
million tons, compared with 71.1 million tons in 1960 and 69.4 million 
tons in 1959. major consumer industries bought less steel, except 
containers and contractor’s products, which increased 6 and 7 percent, 
respectively. The automotive industry continued to be the leading 
consumer, receiving 12.6 million tons, or nearly 20 percent, of domestic 
shipments. 

Imports of major iron and steel products totaled 3.3 million short 
tons, compared with 3.6 million tons in 1960 and 4.6 million tons in the 

eak year of 1959. The pee ir Coal and Steel Community and 
jon supplied 61 percent and 19 percent, respectively, of imports. 
Exports were 2.2 million tons, 31 percent lower than in 1960. 

No change in the price of steel had occurred in 3 years, and lower 
priced foreign steels continued to penetrate domestic markets. Ac- 
cording to the American Iron and Steel Institute (A.I.S.I.), the 1961 
payroll of steel ingot producers was $3.7 billion, compared with the 
record $3.8 billion in 1960. "The net E value of steel products 
shipped and other services totaled $13.2 billion, compared with $14 
billion in 1960. Net income was $692 million, the lowest since 1952. 

Weekly hours per employee in the steel industry in 1961 averaged 
38.6, compared with 38.0 in 1960. The average number of employees 
was 428,000, compared with 471,000 in 1960, and the average hourly 
wage was $3.19, compared with $3.08 in 1960. The 13th wage in- 
crease for steelworkers since World War II went into effect on October 
1, 1961. 


TABLE 1.—Salient iron and steel statistics 
(Thousand short tons) 


United States: 
Pig iron: 
Prod uet ion 
BShipments............- E ee 
Imports for consumption.........- 
per EE 


:1 
Production of ingots and castings 
(al! grades): 
Carbon: cenae edades 


Capacity, annual Jan. 1. 
Percent of capacity............... 

Index (1952-562 100) 

Total shipments of steel mill 
DEEL ͤ ps 

Im ports of major fron and steel 
products in... 

Exports of major iron and steel 
products EEN 

World Production: 


em ege ee — — 2 — 22 — 


1 American Iron and Steel Institute. 
2 Data not available. 

3 Data not comparable for all years. 
* Bureau of the Census, 

§ Revised figure. 

t Includes ferroalloys. 
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PRODUCTION AND SHIPMENTS OF PIG IRON 


U.S. production of pig iron exclusive of ferroalloys was 2 percent 
less than 1960 and 6 percent below the 1952-56 average. The 
number of blast furnaces operating increased from 112 in January 
to 168 in December. Production during the first 6 months was 28.5 
million short tons, compared with 36.5 tons during the last half of 
the Ped According to the American Iron Ore Association, average 
production per blast day was 1,305 tons, compared with 1,182 tons 
in 1960 and 1,090 tons in 1959. Pig iron production increased in 7 
of the 16 States included in table 2 (see footnote 1). Pennsylvania, 
Ohio, Indiana, and Illinois led in production and supplied 23, 17, 14, 
and 7 percent, respectively, of the pig iron, compared with 25, 17, 13, 
and 8 percent in 1960. 

Blast furnaces produced 27.1 million short tons of blast-furnace 
slag, or 835 pounds per ton of pig iron, compared with 867 pounds 
in 1960; 4.1 million tons of flue 4086 was recovered, or 126 pounds 
per ton of pig iron, compared with 145 pounds in 1960. 

The number of blast furnaces in the United States was 259, 1 less 
than the previous year. The Interlake Iron Corp. furnace at Jackson, 
Ohio, was dismantled. In April, Granite City Steel Co. started its 
new 2,000-ton-per-day blast furnace; it had been completed in 1960. 
United States Steel Corp. was building a 28-ft.-hearth-diameter blast 
furnace at its Duquesne works. Jones & Laughlin Steel Corp. 
announced it would build a 28-ft.-hearth-diameter blast furnace at 
Cleveland. Completion was scheduled for 1963. 

Shipments of pig iron (including onsite transfers) were virtually 
the same as in 1960. As over 90 percent of all pig iron made in the 
United States was used in the molten state for making steel ingots, 
castings, and iron castings, the values of pig iron shown in tables 2 
and 4 are largely estimated and may differ from prices published in 
trade journals or other sources. Some companies reported lower 
values than in previous years. 

Metalliferous Materials Used.—The production of pig iron ex- 
cluding coke and fluxes required 108.4 million tons of iron ore, man- 
ganiferous ores, and agglomerates; 3.6 million tons of scrap; 86,182 
tons of flue dust; and 6.6 million tons of miscellaneous materials. 
The combined total equals 1.829 tons of material per ton of pig iron 
produced. The scrap charge consisted of 2,748,226 tons of home 
and purchased scrap, 756,761 tons of slag scrap, and 79,331 tons of 
offgrade pig iron. Consumption of miscellaneous materials included 
3.2 million tons of mill cinder and scale, 3.2 million tons of open- 
hearth and Bessemer slag, 33,064 tons of other metalliferous materials, 
and 210,725 tons of nonmetalliferous materials. Net totals shown 
in table 6 were computed by deducting 4.5 million tons of flue dust 
recovered and 698,509 tons of scrap produced at blast furnaces. 

The agglomerate charge 9 of 45,058,719 tons of sinter, 
including 10,289,358 tons of self-flux sinter; 13,585,213 tons of pellets; 
114,109 tons of nodules; and 1,626,791 tons of unclassified agglomer- 
ates; 1,187,378 tons came from foreign sources. Chile, Venezuela, 
Canada, and Peru were the leading suppliers of foreign iron and 
manganiferous ores used in blast furnaces. In addition to the 
agglomerate charge, 13.6 million tons of foreign iron ore was used 
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FIGURE 1.— Trends in production of pig iron and steel ingots, 1915-61, and 
steel-ingot capacity in the United States, 1915-60. 


TABLE 2.—Pig iron produced and shipped in the United States, by States 
(Thousand short tons and thousand dollars) 


Wn ³ĩðV³A p 8, 531 8, 545 | $200, 366 $202, 946 
He. ĩð5 E E 5, 307 4, 725 5,247 | 316, 382 4,775 288, 469 
¡UA A oe ccoeee tee etces 8, 404 8, 877 8, 424 496, 750 8, 865 522, 733 
„„ ee AA 11, 788 10, 984 11,561 | 688, 11,007 660, 033 
Pennsylvania 16, 539 15, 205 16,199 | 973,815 15, 272 908, 363 
California, Colorado, and Utah........... 3, 735 4, 657 3,700 | 221, 4, 700 237, 348 
Kentucky, Tennessec, and Texas......... 1, 670 1, 689 1, 619 93, 718 1, 723 97, 247 
Maryland and West Heina EE 6, 318 6, 418 6,338 | 305, 955 6, 493 397, 606 
Michigan and Minnesota................. 4, 985 5, 005 4, 921 265, 5, 059 267, 726 
New York and 1 K 4. 210 3, 762 4,058 | 254, 608 3, 828 229, 890 

!, AAA 65, 612 3, 905, 728 65, 307 | 3, 821, 361 


No production in 1961. 


in agglomerate plants; most of this tcnnage was used in blast furnaces. 
According to AISI, 8. 9 billion cubic feet of oxygen was used at blast- 
furnace plants, compared with 4.4 billion in 1960. According to 
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data collected by the Bureau of Mines, 16 blast-furnace plants also 
consumed 13.2 billion cubic feet of natural gas, 997.2 million cubic feet 
of coke-oven gas, and 2,636,071 gallons of fuel oil by injection through 
tuyeres. 


TABLE 3.—Foreign iron ore and manganiferous iron ore consumed in manu- 
facturing pig iron in the United States, by sources of ore 


(Short tons) 

Source 1960 1961 ! Source 1960 1961 1 
BA... 30, 692 32, 546 || Venezuela................ 5, 160, 601 4, 175, 675 
Sans 5, 645, 373 5,107, 871 || Other countrles........... 234, 113 115, 863 
Sfr! ur ETECCIC 1, 273, 570 ], 026, 232 ——— | ——- —— 
Fern. eege 1, 888, 866 633, 931 Total.....-...------ 14, 233, 215 | 10, 092, 168 


1 Excludes 13,572,198 tons used in making agglomerates. 


TABLE 4.—Pig iron shipped from blast furnaces in the United States, by grades ! 
(Thousand short tons and thousand dollars) 


1960 1961 
Grade Value Value 
Quantity Quantity 

Total Average Total Average 

per ton per ton 
As EE 1, 526 $91, 739 $60. 10 1, 402 $59. 81 
pS 57,806 | 3, 433, 59. 39 58, 601 | 3, 413, 110 58. 24 
Bessemer....................- 3, 230 193, 456 59. 90 2, 641 , 618 60. 78 
Low-phosphorus.............- 338 20, 997 62.12 207 13, 561 65. 51 
NMalleable 0-2-0000 2, 427 149, 426 61. 57 2, 213 137, 844 62. 29 
AU other (not ferroalloys)..... 285 16, 847 59. 11 243 12, 472 51. 33 
Ru AE 65, 612 | 3, 905, 728 59. 53 65, 307 3, 821, 361 68. 51 


Includes pig iron transferred directly to steel furnaces at same site. 


TABLE 5.—Number of blast furnaces (including ferroalloy blast furnaces) in 
the United States, by States 


January 1, 1961 January 1, 1962 
State 
In blast | Out of Total In blast | Out of Total 
blast blast 

Alabama. 11 11 2 10 12 22 
Saen A 3 1 4 A 4 
A AA geed ée 2 2 4 3 1 4 
A wk 8 9 13 2 14 8 2 
Indiana A A EE 11 12 23 19 4 2 
e,, . 1 2 3 2 1 3 
Maryland 4 6 10 111113 10 
Miehgae ns A 5 4 9 . 9 
Minnesota. 1 2 3 1 2 3 
New o 00nonanennnnnenannnMMM 8 9 17 13 4 17 
. ³ðVOAA y A ĩ 18 33 51 29 21 50 
Pennsylvanla 32 43 75 46 29 75 
enness eee 1 2 3 1 2 3 
„ EECHER 1 1 2 ö 2 
LB Ne A il A 8 3 2 5 4 1 5 
at, ail EN DE. OS 1 1 2 1 1 2 
West Virginia ........................ 3 2 5 4 1 A 
gv, A A acces 114 146 260 172 87 250 


Source: American Iron and. Steel Institute. 
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PRODUCTION AND SHIPMENTS OF STEEL 


United States production of steel in 1961 was 98 million short tons, 
compared with 99.3 million tons in 1960. Production increased each 
quarter. During the first quarter, 19.7 million short tons was made, 
um das with 18.8 million tons in the last quarter of 1960. Output 
for the second, third, and fourth quarters was 25.1, 25.7, and 27.5 tons, 
respectively. Steel castings made by independent foundries, not in- 
cluded in the production data, totaled 1,078,182 short tons, compared 
with 1,184,459 tons in 1960 and 1,366,328 tons in 1959. 

Of the total tonnage of steel produced, 86.2 percent was made in 
open-hearth furnaces, 8.8 percent in electric furnaces, 4.1 percent in 
oxygen converters, and 0.9 percent in Bessemer converters. Corre- 
sponding ids for 1960 were 87,8.4, 3.4, and 1.2, respectively. Penn- 
sylvania led in steel production, and Ohio, Indiana, and Illinois ranked 
second, third, and fourth, supplying 23, 17, 14, and 9 percent, respec- 
tively, compared with 25, 17, 14, and 8 percent in 1960. 

The steelmaking facilities constructed or improved during the year 
are shown in table 7. | 

The Louis Berkman open-hearth plant at Toronto, Ohio, and the 
Phoenix Steel Corp. open-hearth and electric-furnace plant at Harris- 
burg, Pa., were dismantled. 

Shipmenta of steelmill products (table 11) decreased 5 million tons. 
Although shipments in most categories decreased, those to can and 
closure manufacturers were at a record high of 5.3 million tons. The 
largest decreases were to the automotive and rail transportation 
industries. Shipments for export dropped 0.8 million tons. 

Alloy Steeli—Domestic alloy-steel production was 8,674,726 
short tons—8,628,533 tons of ingots and 46,193 tons of castings—an 
increase of 3 percent over 1960. Alloy steel supplied 8.9 percent 
of the steel output, compared with 8.5 percent in 1960. 

Stainless-steel ingot production (13.1 percent of the total alloy- 
steel output) was 1,135,891 tons, 13.5 percent above 1960 and the 
highest since 1959. 'The production of austenitic stainless steel 
AISI 300 (nickel-bearing) and 200 series (manganese-nickel-bearing), 
representing 65.5 percent of stainless-steel production, was 15.4 per- 
cent above 1960; output of ferritic and martensitic, straight chromium 
types, AISI 400 series, increased 7.4 percent. Production of AISI 
200 series (31,881 tons) established a new record. The output of 
type 501, 502, and other high-chromium, heat-resisting steels, included 
in the stainless-steel-production figure, increased 56.8 percent. 

Output of carbon-steel ingots and castings was 89.3 million short 
tons, compared with 90.9 million tons in 1960. 

Production of all grades of alloy-steel ingots, other than stainless, 
increased 2 percent. Production of chromium steels (1.2 million 

2 The Bureau of Mines uses the American Iron and Steel Institute specifications for alloy stcels, which 
include stainless and any other steel containing one or more of the following elements in the designated 
percentages: Manganese in excess of 1. 65 percent, silicon in excess of 0.60 percent, and copper in excess of 
0.60 percent. It also includes steel, con ing the following clements in any quantity specified or known 
to have been added to obtain a desired alloying effect: Aluminum, boron, chromium, cobalt, columbium, 
molybdenum, nickel, titanium, tungsten, vanadium, zireonium, and other alloying elements. 

Stainless steel includes all grades of steel that contain 10 percent or more of chromium with or without 
other alloys or a minimum combined content of 18 percent of chromium and other allovs. Valve or bearing 
stecls, high-temperature alloys, or electrical grades with analyses meeting the definition for stainless steels 
areincluded. All tool-steel grades are excluded. 


Heat-resisting steel includes all stee] containing 4 percent or more but less than 10 percent of chromium 
(excluding tool-steel grades). 


688 MINERALS YEARBOOK, 1961 


TABLE 7.—Partial listing of announced expansion plans for the steel industry 


Additional . 
Company and plant ingot capa- Steelmaking facilities 
city, tons 
Allegheny Ludlum Steel Corp.: 
Brackenridge Works, Brackenridge, Pa.... (1) Open-hearth furnaces expansion and techni- 
cal improvement. 
Dunkirk Works, Dunkirk, N.Y........... (1) Vacuum degassing chamber.? 
Watervliet Works, Watervliet, N. . (1) 50-in.-diameter consumable-arc-electrode 
vacuum melting furnace.! 
Armco Steel Corp.: Sheffield Div.: 
Sheffield Div., Kansas City, Kan......... 6 No. 3 electric furnace.? 
Houston, KEEN ( Open-hearth improvements. 
Bethlehem Steel Co.: 
Lackawanna, N. TKH / 400,000 | 310-ton oxygen plant. 
Sparrows Point, Md.....................- 800, 000 | 350-ton oxygen paint. 
The Colorado Fuel and Iron Corp.: Pueblo, 

!.; ⁰ſy eeu eee, (3) Two 100-ton oxygen converter plant. 
Continental Steel Corp.: Kokomo, Ind (1) Revamping one open-hearth furnace.? 
Copperwild Stcel Co.: Aristoloy Steel Div., 

arren, , (?) Vacuum degassing unit. Melt shop improve- 
ments. 
Detroit Steel Corp.: Portsmouth Div., Ports- 
mouth, Ohio 400,000 | Enlarge three open-hearth furnaces, and con- 
vert all five furnaces to all basic brick. 
Install oxygen jets.? 
Firth Sterling, Inc.: McKeesport, Pa.......... (1) Bk poe: DOLO MARIO electrode production 
0 percent. 
Granite City Steel Co.: Granite City, DI. (1) Enlarge one open-hearth furnace to 600 tons 
and add oxygen roof lances.? 
Hawaiian Western Steel, Ltd.: Ewa, Hawaii.. (1) One electric furnace. 
Inland Steel Co.: Indiana Harbor, Ind........ O) Oxygen lances in open-hearth furnaces.? 
Jones & Laughlin Steel Corp.: Cleveland 
Works Div., Cleveland, Ohio............... (1) T wo basic oxygen furnaces.! 
Latrobe Steel Co.: Latrobe, Pa e) 20 and 30-inch vacuum-melting furnace.? 
Lukens Steel Co.: Coatesville, Pa 1) One 100-ton electric furnace. 
Mississippi Steel Corp.: Jackson, Miss........ (1) 12-ton electric furnace. 
Great Lakes Steel Corp.: Ecorse, Mich........ 500,000 | Two basic oxygen furnaces. 
Pittsburgh Steel Co: Monessen, Pa........... () Two oxygen converters. 
Sharon Steel Corp.: Farrell, Pa (1) Vacuum degassing unit.! 
1,000,000 | Stora-Kaldotwo-convertersteelmaking plant. 
Soule Steel Co.: Long Beach, Cali (1) One electric furnace.? 
United States Steel Corp.: Fairless Works, 
Fairless Hills, Pa UU P (1) Enlarge nine open-hearth furnaces.? 
Universal-C yclops Steel Corp.: 
Bridgeville Plant, Bridgeville, Pa......... (1) 35-ton electric furnace. 
Empire-Reeves Steel Corp.: Mansfield, 
p. nao AT 100,000 | 100-ton electric furnace. 
Washington Steel Corp.: Washington, Pa..... (1) Two 35-ton electric furnaces. Pressure- 
casting facilities. 
Total caia 3, 200, 000 


1 Not known, 
3 Completed in 1961. 
3 No net increase, 600,000 tons replacement of open-hearth capacity. 


Source: Iron and Steel Engineer. 


short tons) and nickel-chromium-molybdenum steels (1.2 million tons) 
was virtually the same as in 1960. High-strength steels (932,000 
tons) decreased 1 percent. Chromium-molybdenum steel output 
(998,000 tons) increased 18.9 percent. 

The percentages of alloy steel produced in the basic open-hearth, 
acid open-hearth, and electric furnaces were 56, 1, and 43 percent, 
respectively, compared with 61, 1, and 38 percent in 1960. 

Metalliferous and Other Materials Used in Steelmaking.—Pig iron 
and scrap consumed in steclmaking furnaces totaled 108.9 million 
short tons; the percentage of each was 55 and 45, respectively, com- 
pared with 54 and 46 percent in 1960. Consumption of foreign iron 
ore decreased 16 percent; however, it was the third highest recorded. 
The principal sources of iron ore were Chile, Brazil, Liberia, Venezuela, 
and Peru. According to AISI, other materials used in steclmaking 
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excluding independent foundries included 4.8 million tons of lime- 
stone, 1.4 million tons of lime, 206,001 tons of fluorspar, and 507,604 
tons of other fluxes. Oxygen consumption at steel plants, exclusive 
of blast furnaces, reached a record 60.5 billion cu. ft., used as follows 
(in cubic feet): Steelmaking, 44.2 billion conditioning, 10.4 billion; 
scrap preparation, 1.5 billion; other burning and welding, 1.8 billion; 
and all other, 2.6 billion. 


TABLE 8.—Steel capacity, production, and percentage of operations in the 
United States ! 


(Thousand short tons) 
Production 
Annual 
Year capacity, Open hearth 
an. 1 Bessemer| Oxygen | Electric?} Total |Percent of 
capacity 
Basic Acid 

1952-56 (average)....| 120, 931 93,773 596 3, 295 7,404 | 105,068 86. 9 
111777 133, 450 101, 028 630 2, 475 7, 970 112, 715 84.5 
188888ͤöo 140, 743 75, 502 378 1. 396 6. 656 85.255 60. 6 
1950 epe 147, 634 81, 225 444 1, 380 8, 533 93, 440 63.3 
1000. i.c — 148, 571 85, 964 404 1, 189 8, 379 99, 282 66.8 
1961..... € Q) 84, 108 394 881 8, 664 98, 014 (3) 


t Includes only that steel for castings produced in foundries operated by companies manufacturing steel 
ingots. Omits about 2 percent of total steel production, 

2 Includes crucible: Oxygen converter steel, 1954-55. 

3 Data not available. 


Source: American Iron and Stcel Institute. 


TABLE 9.—Production of steel by States and processes ! 


(Thousand short tons) 
Open Basic 
Year and State hearth Bessemer oxygen Electric Total 
process 
EENEG ee Eer 102, 841 3, 228 506 8, 641 115, 216 
JU oe m S 0 aa 101, 658 2, 475 611 7, 971 112, 715 
JJ... —S— E E 75, 1. 396 1. 323 6, 656 85, 255 
bius eene de Ee 81, 669 1, 380 1, 864 8, 533 03, 446 
Tel S —————— P 86, 1, 189 3, 346 8, 379 99, 282 
NOW ooo A PE 129 4,645 
Pennsylvania.......................... 19, 414 (3) (2) 1, 805 22, 398 
Rhode Island, Connecticut, New Jer- 
sey, Delaware, and Maryland OR „r.. APA 165 7,119 
Virginia, West Virginia, Georgia, and 
AA ³ 7 AA (2) 3, 423 
une cheese ) ( N (3) 1, 463 
Alabama, Tennessee, and Mississippi.. JJ! EE (2) 3, 539 
Ohio J E Ü o or 14, 139 (2) (2) 1,472 16,513 
Indiana.....---.---2--2.-22.--22...--- A ME, AA PR (2) 14, 010 
A An i (3) (2) 8, 395 
A AE 8 AW, SE (3) 395 6, 661 
Minnesota, Missouri, Oklahoma, and 
¿4 A ewe dnas 2:009 A IA 993 3, 086 
Arizona, Colorado, Utah, Washington, 
Oregon, and Hawaii................. „„ (2) 400 3, 557 
California Sc ex Ec (2) (3) 3, 205 
q A A 94, 502 881 3, 967 8, 664 98, 014 


2 Includes only that steel for castings produced in foundries operated by companies manufacturing steel 
ingots. Omits about 2 percent of total steel production. 
Figure withheld to avoid disclosing individual company confidential data. 


Source: American Iron and Steel Institute. 
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TABLE 10.—Steel electrically manufactured in the United States ! 


(Thousand short tons) 

Year Ingots | Castings| Total® Year Ingots | Oastings | Total® 
1 (average)... 7, 343 61 7,404 || 1959...............- 8, 477 56 8, 533 
1777 8 7. 902 68 7,970 || 19600..............-- 8, 313 06 8,379 
VU ———— 6, 606 50 6.656 |! 1961...............- 8. 597 67 8, 664 


1 Includes des oniy Leg steel for castings produced in foundries operated by companies manufacturing steel 


ingots. See 
$ Includes a very small quantity of crucible steel, and for 1954-56, oxygen converter steel, 


Souree: American Iron and Steel Institute. 


TABLE 11.—Shipments of steel products by market classifications, all grades 
including carbon, alloy, and stainless 


Steel for converting and processing 1 3.6 
Aen Ale WEE 1.2 
Bolts, nuts, rivets, and screws. l.l... 1.6 
Warehouses and distributors: 
Oil and gas industry 2.3 
RTR 16. 4 
// ³³ WA... s EsesQueRAEEMSE RUE 18. 7 
Construction, including maintenance: 
Rall transportat ion eee 9 
Oil and FAS. Du" 3.1 
Ash A me QUQaE 10.9 
HN A AAA 14.0 
Contractors’ products 5.8 
Automotive: 
Passenger cars, trucks, parts, eto 18. 4 
Ee Ae E at 
lll! dices 3 19.1 
Rall transportation: 
Railroad rails, trackwork, and equlpment .0 
Freight cars, passenger cars, and locomotives....... ; 1.7 
Street railways and rapid-transit systems 392 ra | 
„ Se 5 2.4 
Ss 
EE and marine equlpment 1 LS 
Ol and JJV .6 8 
Mining, quarrying, and lumbering. 4 .4 
Agriculture: 
Agricultural machinery 88 1.1 1.1 
All other agricultural . 3 . 8 
Fell.... 3 —— — 1.4 1.6 
Machinery, industrial equipment, and tools. 5.6 5.7 
Electrical machinery and equipment 2.9 30 
Appliances, utensils, and cutler y 2.5 2.6 
Other domestic and commercial equipment 2. 8 27 
Containers: 
Cane and elosuressꝝaçͤpy rl 7. 0 8.0 
Barrels, drums, and shipping pails..........----.-- 1.2 1.2 
All other contalners .8 .8 
lr Aↄĩ isisisi 9. 0 10. 0 
Ordnance and other militar <2 . 2 
Bhipments of nonreporting com pan ies e 3. 0 3.1 
— — à 
Total daomes tee 8 96. 4 97.4 
Export (companies reporting to AISI only) 3.6 2.6 
jj ĩðͤ —— EE 100.0 100.0 


1 Net total after deducting shipments to reporting companies for conversion or resale, 
3 Included with “All other.” 


Source: American Iron and Steel Institute, 
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TABLE 13.—Alloy- steel ingots and castings manufactured in the United States, 
by processes ! 


(Thousand short tons) 
1952-56 
Process (average) 1957 1958 
hearth: 
Base 5, 992 8. 746 8, 926 
Acid. Diada 1 170 
Electric 7 3, 353 2, 996 2, 653 
Tr 9. 529 8. 912 6. 664 
SN gg oniy "a steel for castings produced in furnaces operated by companies manufacturing steel 
gots, e 
$ Includes a very small quantity of crucible steel, and for 1960-61, oxygen converter steel. 


Source: American Iron and Steel Institute. 


CONSUMPTION OF PIG IRON 


Although all States used some pig iron, 85 percent was consumed in 
steelmaking centers in the East, North Central, Middle Atlantic 
and South Atlantic States. Pennsylvania (the leading consumer) 
used 23 percent of the total; Ohio, 17 percent; and Indiana, 14 per- 
cent; corresponding figures for 1960 were 24, 17, and 13 percent, 
respectively. 

TABLE 13.—Metalliferous materials consumed in steel furnaces in the 
United States 
(Thousand short tons) 


Iron ore 
Tear — — ZSinter 1 Pig iron 


1952-56 (averago).............. 8, 412 3, 747 1, 569 01, 077 

73 eege 2, 837 b, 592 3 1, 934 68, 768 
A h 2, 092 4, 742 4 1, 261 51, 299 
J A 1, 690 5, 238 5 961 84, 699 
LL, EE 1, 570 6, 251 0 931 60, 092 
ITC TTT 1.913 5, 277 * 855 59, 418 


Includes consumption of pig fron and scrap by ingot producers and iron and steel foundries. 

3 Includes ferromanganeso, spleceleisen, silicomanganese, Manganese briquets, manganese metal, ferro- 
silicon, ferrochromium alloys, and ferromolybdenum. 

3 Includes other agglomerates (nodules, pellets, etc.) and 106,602 tons of foreign origin. 

4 Includes 601,509 tons of sinter, 235,040 tons of pellets, 281,390 tons of nodules, and 139,824 tons of other 
agglomerates. (325,268 tons of foreign origin.) 

5 Includes 271,736 tons of sinter, 215,109 tons of pellets, 255,448 tons of nodules, 32,039 tons of briquets, and 
187,017 tons of other agglomerates. (314,507 tons of foreign origin.) 

* Includes 121,946 tons of sinter, 49,422 tons of pellets, 314,958 tons of nodules, 35,025 tons of briquets, and 
409,863 tons of other agglomerates. (403,705 tons of foreign origin.) 

7 Includes 52,402 tons of sinter, 17,527 tons of pellets, 303,462 tons of nodules, 8,640 tons of briquets, and 
479,202 tons of other agglomerates. (468,313 tons of foreign origin.) 


TABLE 14.—Consumption of pig iron in the United States, by type of furnace 


1960 1961 


Type of furnace or equipment 


Thousand | Percent | Thousand | Percent 
short tons | of total | short tons | of total 


olmona ano 


66, 626 1 
3 Includes a small quantity of pig iron consumed in crucible furnaces. 
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TABLE 15.—Consumption of pig iron in the United States, by districts and States 


(Short tons) 
District and State 1960 1961 District and State 1960 1961 

New England: South Atlantic—Cont. 

Connecticut.......... 33, 756 29, 410 North Carolina 26, 417 27,971 
Maine and New South Carolina....... 17, 986 15, 882 
Hampshire......... 4, 029 4, 136 Virginia and West 
Massachusetts 73, 313 63, 281 Virginla 2 2, 129, 461 2, 143, 204 
Rhode Island 48, 380 36. 958 —ͤ— Ü———ö— 
Vermont 7, 345 8, 038 Tota]. wee 6. 578, 984 6. 617, 408 
Total. 167, 723 141. 823] East South Central: 
| Se Alabama 3, 144, 319 3, 222, 653 
Middle Atlantic: Kentucky, Mississip- 
New Jersey 147, 537 144, 530 pi, and Tennessee... 905, 603 907, 614 
New York............ 3, 382, 392 3, 219, 625 | —ę—- — 
Pennsylvania 16, 295, 129 15, 315, 543 Pots!!! 4. 049, 922 4, 130, 267 
Noll!!! cee 19, 825, 058 18, 679, 608 || West South Central: 
EE Arkansas, Louisiana, 

East North Central: and Oklahoma..... 8, 183 7,749 
A AAA 5, 244, 885 4,975,379 einn NEC 123, 804 856, 118 
Indiana.............. 8, S33, 812 9,075, 150 — — 
Michigan 5,034, 654 5, 159, 290 Totál.. 8 732,077 863, 867 
Ono 11, 503, 557 10, 937, 800 E 
Wisconsin 195, 801 175, 747 || Rocky Mountain: 

— | — Arizona and Nevada. 88 88 
Nail!!! 30, 862,709 | 30, 323, 366 Colorado, Idaho, 
EE Montana, and Utah] 2, 202, 759 2, 351, 978 

West North Central: — — — 
o oe ss 69, 287 69, 451 Total. e 2, 202, 847 2, 352, 066 
Kansas and Nebraska_ 5, 332 5,706 —————|—————— 
Minnesota 431,151 393,744 || Pacific Coast: 

Missouri 44, 619 24, 246 California............ 1, 649, 991 2, 191, 936 
— — — Oregon and Wash- 
Pt! 550, 419 493, 147 eon 6, 606 3,7 

South Atlantic: ie 1. 656, 597 2, 195, 656 
Delaware and Mary- Po 

lands icum dz 4, 392, 072 4, 418, 830 otal United States | 66, 626,336 | 65,797,298 
Florida and Georgia.. 13, 048 11, 521 


Pig iron and steel prices remained virtually constant during 1961. 
The weighted average annual price of pig iron, as published by Iron 
Age, was $59.32 per short ton. The Iron Age composite price of 
finished steel for 1961 was 6.196 cents per Pound the same as 1n 1960. 


TABLE 16.—Average value of pig iron at blast furnaces in the United States, 
by States 


(Per short ton) 


8tate 1952-56 1957 1958 1959 1960 1961 
(average) 

Aff! A ;vr- xxx $47. 40 $53. 94 $55. 14 $56. 81 $56. 62 
California, Colorado, and Utah........... 51. 53 57. 44 57. 53 60. 47 59. 73 50. 50 
ION Gl docu y eme CR d as 60. 93 58.04 61. 32 60. 12 60. 30 60. 42 
/ es ou ⁰ʒʒ A Ed 50. 39 58. 33 58. 41 58. 82 58. 90 58. 96 
Now York ·Ü 1 us un Sd 51.41 63. 09 64. 48 61. 01 62. 54 60. 05 
Oni. EE 49. 67 55. 88 57.93 59. 50 57. 79 60. 78 
Pennsylvania.. 51. 47 59. 25 62. 45 59. 84 60. 12 59. 48 
Other Ste 2 50. 58 60. 37 60. 53 58. 38 58. 06 57. 44 

AVCTORG oe occ oe ³ A 50. 55 58. 43 59. 60 59. 33 59. 53 58. 51 


! Comprises Kentucky, Maryland, Michigan, Minnesota, Tennessee, Texas, West Virginia, and Massa- 
chusetts (1952-60). 
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TABLE 17.—Average prices of chief grades of pig iron 
(Per short ton) 


Foundry pig Foundry pig Bessemer pig Basic pig iron 
iron at Birming- | fron at Valley iron at Valley at Valley fur- 
Month ham furnaces furnaces furnaces naces 


1958-61 1958-61 1958-61 1958-61 


dni 


January-December............. $55. 80 $59. 38 $59. 82 $58. 93 


Bource: Metal Statistics. 


TABLE 18.—Free-on-board value ei Eh products in the United States, 
n 


(Cents per pound) 
Product Carbon Alloy Stainless | Average 

ROU DEER 4.571 8. 471 31.553 7.909 
Semifinished shapes and ſorms 5. 842 10. 444 43. 697 6. 646 
)))) 8 6. 675 11. 348 60. 341 7. 450 
Sheets and strips... ; 7. 132 14. 781 44. 943 8. 100 
Tinmill proangess... osos es TRAE Eua II! 9. 081 
Structural shapes and piling............................ 6. 392 8.2001 |... reor 6. 417 
Vu WEE 7. 682 13. 605 64. 531 9. 272 
Rails and railway-track material J 7. 695 
Pipes an bes. pezuEqe PEN RUE 10. 593 19.773 154. 422 11. 840 
Wire and wire products 13.013 38. 678 86. 430 14.079 
Other rolled and drawn products. 10. 448 45. 180 67.382 16. 004 
Average total steel 7. 763 14. 148 53.717 8. 657 


This table represents the weighted average value based on the quantity of each type of steel shipped; 
therefore, it reflects shifts in the distribution of the 3 classes of steel. 


Bource: Computed from figures supplied by the U.8. Department of Commerce, Bureau of the Census. 


FOREIGN TRADE 


For the third consecutive year, imports of foreign steel-mill products 
exceeded exports. Prior to 1959, exports exceeded imports, and the 
AISI estimated that the steel industry would have &bout 40,000 more 
jobs if the import-export trend of former years could be reestablished. 

Imports.—Imports of iron and steel products were the third highest 
on record, totaling 3.3 million short tons, compared with 3.6 million 
tons in 1960 and 4.6 million in 1959, the other 2 record years. The 
European Coal and Steel Community and Japan were the leading 
suppliers of foreign steel, with 2.0 and 0.6 million short tons, respec- 
tively. e steel supplied 53 percent of the domestic barbed- 
wire market, 43.5 percent of nails and staples, 28.1 percent of wire 
rods, 20.4 percent of the woven-wire fence, and 19.3 percent of con- 
crete reinforcement bars. The percentages were virtually the same 
in 1960. Imports of pig iron (93 percent from Canada) were 377, 180 
tons, compared with 330, 847 tons in 1960. 

Exports. — Exports of iron and steel products totaled 2.2 million 
short tons, compared with 3.2 million short tons in 1960. Exports 
of pig iron, of which 77 percent to qapan, were 415,668 tons (value 
$19,243,057), compared with 111,773 tons (value $5,174,437) in 1960. 


8 ee on imports and compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U. S. Department of Commerce, Bureau of the Census. 
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TABLE 19.—U.8. imports for consumption of pig iron, by countries 
(Short tons) 


Loi TEE 
Total. 
Kurppa 


Finland 
Germany, West. 


69 
10, 319 
8, 094 


SS@SQeaeoenceee 


JJ 8. 919 
Bweden eem een 
| SÉ s eoeému natae eS 


Other Europe 


. 


———» ——D-|j-ome-oeoo 


"P4 4m aem e cee Le 


21, 551 
], 445 


282 opgoe en op ep gr e le ap ihe P 


—ñ | | EEE 


377, 180 
$20, 511, 391 


1 Includes 110 tons from East Germany. 
2 Less than 1 ton. 


® Classified as Southern Rhodesia through June 30, 1954; 1,562 short tons was produced from January 


through June 1954. 
Source: Bureau of the Census. 


TABLE 20.— U.S. imports for consumption of major iron and steel products 


Product 


Iron products 
Bar iron, 1795 slabs, blooms, or other forms..... 
Pipes and fittings 
Cast-iron pipe and fitting 
Malleable cast-iron pipe fttings 
Casting and forgings..............-..---..----- 


Total d ð K AI E 


Steel products: 
Steel bars: 
Concrete reinforcement bars. 
Solid and hollow, pen... ee E eee 
Hollow and hollow drill steel 
Wire rods, nail rods, and flat rods up to 6 inches 
in width 


Rae footnotes at end of table. 


Short tons 


1 41, 356 


73 


18, 390 
17, 520 
115. 373 


515, 522 
1 133, 500 
1, 848 


408, 201 
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TABLE 20.—U.S. imports for consumption of major iron and steel products—Con. 


1960 1961 
Product 
Short tons Value Short tons Value 
Steel products—Continued 
Boiler and other plate iron and steel, n.e ee 301,885 | $34,970, 619 71, 045 $8, 407, 821 
Steel ingots, blooms, and slabs; billets, soli 
and hollow... i A IRA 8 67, 762 8, 780, 659 178, 915 536, 560 
Die blocks or blanks, shafting, etc. 2, 195 652, 737 1, 083 439, 999 
Circular saw plates 51 52, 437 37 39, 837 
Sheets of iron or steel, common, or black and 
boiler or other plate iron or steel 274, 335 42, 508, 732 64, 700 8, 993, 987 
Sheets and plates and steel, n.s. D 6366 12, 977 3. 194. 914 6, 823 2, 397, 182 
Tinplate, terneplate, and taggers’ tin 19, 726 3, 846, 437 15, 151 651, 937 
Structural iron and steel 607, 161 73, 445, 439 , 155 50, 775, 317 
Rails for railways 7, 831 656, 430 14, 31 1,172, 742 
Rail braces, berg, fishplates, or splice bars and 
leb. AN 875 109, 936 472 67, 573 
Steel pipes and tubes. 1 479,704 | 177,599, 020 521, 264 79, 845, 253 
Barbe 3 52, 964 7, 849, 830 82, 457 11, 810, 235 
Round CI! ͤ h dux „564 35, 764, 109 172, 028 31. 036, 899 
Telegraph, telephone, etc., except copper, 
covered with cotten jute, EE 3, 013 783, 701 1, 441 507, 815 
Flat wire and iron and steel strips 163,373 | 115, 632, 488 50, 881 14, 244, 943 
Rope and strand 35, 974 11. 981. 995 34. 178 10, 164, 586 
Galvanized fencin cine wire and wire fencing....... 51,881 7, 920, 155 59, 955 B, 340, 744 
Iron and steel in card clothing. EE (2) 518, 122 (2) : 
Hoop and band iron and steel, for baling....... 22, 592 1 3, 063, 390 18, 432 2, 367, 807 
Hoop, band and strips, or scroll iron or steel, 
111§;wãꝛ %⅛²˙ͤß mH dee 15. 003 2, 821. 964 10, 576 1. 957, 941 
e ß ie 239, 577 39, 041, 521 252, 713 36, 930, 374 
Steel castings and forgings...................... 3, 945 9, 156 10, 619 1, 936, 801 
Total- A A aaa 1 3, 528, 459 | 1! 485, 801,812 | 3,277,319 418, 267, 709 
Advanced manufactures: 
Bolts, nuts, and rivets..........---..-...--.--- 148,304 | 115, 461, 468 43, 684 13, 583, 140 
Chains and perta ——— eere coc cc 19,025 | 15,116,938 7, 052 4, 734, 443 
Hardware, builders“ 4 æð eee 1,712,324 1, 709, 896 
Hinges and hinge blank 11,852, 8022 1,594, 101 
Screws (wholly or chiefly of iron or steel) 12,034, 779 1, 656, 075 
d Kare] 0 1 18, 557, 007 18, 070, 497 
GGG ³ AAA E lus noe 1 545,762 |...........- 694, 652 
/ ͥͥͥ ————— —— € € 1 45, 281, 080 |............ 42, 092, 804 
Sanne 1 539, 771, 265 !...........- 466, 154, 604 
Revised figure 
3 Weight not X recorded: 


Source: Bureau of the Census. 


TABLE 21.—U.S. exports of major iron and steel products 


1960 
Product 
Bhort tons Value 
anufactures: 
Steel ingots, blooms, billets, slabs, and sheet 
|^. AA A 8 74, 524 $7, 664, 271 
Iron and steel bars and rods: 
Carbon-steel bars, hot-rolled, and fron bars. 43, 832 8, 223, 429 
Concrete reinforcement bars 15, 467 2, 235, 889 
8 steel bars 25. 542 9. 710. 031 
NM, ³¹ . ³ A eee ce 10, 238 1, 326, 961 
Iron and We plates: sheets, skelp, and strips: 
Plates, including boiler plate, not fabricated. 91, 434 20, 473, 441 
Skelp iron and steel Ll lll. 44.370 5, 338. 6^0 
Iron and steel sheets, galvanized........... 46. 341 9. 957, 398 
Steel sheets, black, ungalvanized 1 1, 324, 233 | ! 248, 312, 185 
Strip, hoop E ‘and scroll iron and steel: 
A LLL Lecce ecce eec ec- 40.293 | 119,088.365 
Hecate Ee 1 32, 210 18,801,175 
Tinplate and Lerpenisie l.l... 565,536 | 101,356, 117 
Tinplate circles, cobbles, strip, and scroll shear 
[0] 5d AR E ze 22, 949 2,679,757 
Total. JJ... ĩVAKĩ ͤ K tse 12,336, 969 | ! 445, 167, 689 
2 ne! A o — — 


Ses footnotes at end of table. 


1961 


Short tons 
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TABLE 21.—U.8. exports of major iron and steel products—Continued 


1000 1961 
Product 
Short tons Value Bhort tons Value 
Manufactures-steel-mill products: 
Structural iron and steel: 
Water, oil, gas, and other storage tanks 

(unlined), complete and knockdown 

Hart; once addis 18, 367 $7, 576, 258 18, 536 $7,192, 752 
Structural shapes: 

Not ſabricated 2222 1 284, 033 39, 473, 511 209, 030 28, 450, 781 
Fee 88 76, 068 18, 977, 810 58, 992 23, 911, 001 
Plates, sheets, fabricated, punched, or 

Ir BEE 9, 505 3,110, 125 8, 374 2, 708, 165 
Metal AAA A eg 1,176 450, 996 1,379 514,187 
Frames, sashes, and sheet piling............ 11,615 2, 398, 121 14, 423 3,097, 900 

Rallway-track material: 
Rails for rail ways 108, 768 14, 290, 683 94, 680 12, 218, 490 
Rail joints, splice bars, fishplates, and tie- 

DACs EE 24, 100 5, 088, 184 14, 084 3,793, 503 
Switches, frogs, and crossings 3, 132 1, 507, 246 1,175 579, 105 
Railroad spikes 941 224, 524 1,047 293, 371 
Railroad bolts, nuts, washers, and nut locks. 571 348, 467 1,050 476, 422 

Tubular products: 
Boiler tubes —g—— e. ee eee ee eee ne 9, 783 6. 355, 181 12, 093 8, 245, 480 
Casing and line pipe....................... 1 96, 090 31, 584, 691 92, 197 30, 225, 951 
Seamless black and galvanized pipe and 

tubes, except casing, line and boiler, and 

other pipe and tubes...................- 22.502 6, 544, 562 25, 589 7. 931, 028 
Welded black pipe 12, 247 9, 760, 584 9, 510 2, 631, 202 
Welded galvanized plpe.................... 3, 606 1, 136, 258 4, 480 1, 240, 594 
Malleable-iron 80 pipe fit tings 933 1, 183, 782 1, 1, 277, 355 
Cast-iron pressure pipe and fittings......... 16, 075 3, 334, 748 14,414 2,852, 644 
Cast-iron soil pipe and fitting 6, 892 1. 599, 636 5, 45 1. 362, 743 
Iron and steel pipe, fittings and tubing, 

IJJôöÄöͤ“ ggg. 149,560 | 128, 816, 779 69, 877 45, 483, 796 

Wire and manufactures: 
Barbed wire decia cs 565 115, 227 266, 219 
Galvanized wire................ ll cll... 6, 463 1, 538, 762 8,312 2, 366, 257 
Iron and steel wire, uncoated 13, 950 5, 039, 484 9, 814 4,105, 670 
Spring is.. 1, 656 942, 005 1, 301 892, 997 

ire rope and strand 9, 400 5. 175, 155 8, 322 4. 940. 903 
Woven- wire screen cloth 1. 349 2 1, 604, 638 1, 659 21,951,917 
Ail other A A ecce DLE de 16, 676 10, 197, 772 13, 692 9, 865, 044 

Nails and bolts, iron and steel, n.e.c.: 
Wire nails, ‘staples, and spikes A 4,075 3,352, 351 3, 460 2, 967, 169 
Bolts, screws, nuts, rivets, and washers, 

HO E S ie ace E EE 13, 329 16, 109, 025 12, 784 16, 842, 185 
WTC A UICE DEEP ME 644 446, 048 612 411, 871 
Castings and forgings: Iron and steel, including 

car wheels, tires, and axles................... 185,435 | 126,161,078 79, 461 23, 970, 477 
TO das 1 910, 115 | ! 258, 443, 691 798, 005 253, 073, 269 
Advanced manufactures: 
Buildings (prefabricated and knockdown) , 244, 540 6. 930, 835 
Chains and parts 8, 432 10, 100, 501 8, 410 9, 992, 243 
Construction material 2222222 6, 650 4. 962, 240 , 259 6, 179, 827 
Hardware and pars Ee, 8 22, 199. 037 22,152, 741 
House-heating boilers and radlators 7,696, 062 |............ 6, 650, 939 
Oll burners and parte. 2 8. 162, 330 |............ 8, 709, 159 
Plumbing fixtures and fittings..................|.-.------..-. 3, 206, 255 |...........- 8, 525, 125 
JJ AA A 53, 865, 508 |..........- s 55, 114, 510 
Utensils and parts (cooking, kitchen, and 
hospltal).......-...........-..- EE, EA 3 8,449, 2906 |............ 9, 338, 624 
Gli... 88 80, 800, 258 |............ 37, 532, 816 
Natel JJJCCCͥͥͤ ee ETA us sentias als 157, 686,027 |...........- 160, 126, 021 
Grand total............ erue vel uS Men A 1 861, 297, 407 |....... .....| 688, 086, 835 


1 Revised 


figure. 
* Includes wire cloth as follows—1960: $1,152,568 (5,339,940 square feet); 1961: $1,418,345 (8,213,881 square 


feet). 
Source: Bureau of the Consus. 
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WORLD REVIEW 


World production of pig iron (including ferroalloys) and steel 
reached new highs, with a 2-percent increase in pig iron and a 3-percent 
rise in steel. The steel increase was small, compared with gains of 
13 percent in each of the previous 2 years. The United States led, 
and the European Coal and Steel Community and the U.S.S.R. 
ranked second and third in both pig-iron and steel output. The 
United States produced 23 percent of the pig iron and 25 percent of 
the steel, the same as in 1960, compared with 25 and 28 percent in 1959. 


TABLE 22.—World production of pig iron (including ferroalloys) by countries ! 3 


(Thousand short tons) 
Country ! 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 
CA ß O 3, 020 3,923 8, 172 4, 318 4, 416 5, 043 
A AAA AA 473 547 61 837 
United States 71, 455 80, 920 58, 867 62, 135 68, 620 66, 717 
Tom r 74, 819 85, 316 62, 586 67. 070 73, 769 72, 597 
South America: 
Argentina. 37 37 32 39 198 
F!!! 1, 119 1. 400 1, 550 1, 750 1, 965 3 2, 200 
FI AAA 8 421 336 320 293 314 
TT pn.... 4111 158 164 138 194 209 
ga AAA ³ ³¹¹ cece iea 1, 504 2, 016 2, 082 2, 247 2, 650 3 2.050 
Euro 
RT TEEN 1, 564 2, 161 2, 004 2, 025 2, 460 2, 493 
Benin.... E dama 5, 462 6, 160 6, U84 6, 575 7, 223 7, 104 
EE o. ccc Ee 9 60 100 195 212 220 
Czechoslovakia 3, 117 3, 928 4, 160 4, 679 5, 176 5, 480 
Denn 50 65 49 64 76 71 
e . 106 142 111 119 116 163 
Franoe ³ĩðVÄA 11, 094 13, 316 13, 400 13, 951 15, 835 16, 367 
Germany 
TJ! A SC hdesiijs 1, 355 1. 833 1. 957 2, 092 2. 198 2, 237 
West (including Saar)............ 18, 616 23, 726 21, 754 23, 814 28, 372 28, 021 
et V. oen 2v O 842 923 1,213 1, 236 1, 393 1, 440 
NUS AAA A 8 1,710 2, 432 2, 389 2, 416 3, 113 3, 528 
Luxem bourg... ee 3, 306 3,713 3,621 3,795 4,173 4, 226 
Netherlands: elle 678 773 1,011 1, 259 1, 485 1, 606 
NOTV A cea ia s cud LU d ELE D 354 624 575 656 794 537 
Polad ³ 6A 2, 972 4. 059 4, 259 4, 822 5, 030 5,2% 
IPOPLUP EE Ee ME v d 40 45 1 
Rumania........................ l.l. 531 756 812 933 1,118 1, 163 
alt A A 995 1, 101 1, 479 1, 889 2, 124 2, 458 
Sweden 1. 285 1, 701 1. 559 1. 650 1. 797 1, 941 
Switzerland I— .. 46 50 340 350 3 
e susce 33, 400 40, 830 43, 650 47, 370 51, 540 56, 100 
United Kingdom. .................... 13, 311 15, 997 14, 532 14, 092 17, 655 16, 510 
Yugoslavia... ........................- 466 812 560 995 1, 123 1, 163 
// ⁰˙·—w OE 101. 269 125, 162 125, 668 134, 753 153, 118 158, 603 
Asia 
ODIO AAA 8, 410 6,060 | 410,470 | 2 600 30, 300 8 24, 300 
11 ĩ˙mà̃ ⅛˙r⅜·. A MEE cease 2, 116 2, 141 2, 352 3, 427 4, 621 5,170 
gëtt ua 2... .-.....-.--22---- 5, 441 7, 864 8, 510 10, 908 13, 604 18, 061 
K NOD a a 71 300 350 765 0 3 1,030 
Taiwan dE C 11 22 19 36 26 67 
ATA WEE 3 4 6 8 7 6 
Turkey. JJ e 227 239 254 260 272 207 
a A DE 11,279 | 16,630 | 21,961 | 38,004 | 49. 770 48,841 
= Lee, o  _ —— Oe 
See footnotes at end of table. 
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TABLE 22.— World production of pig iron (including ferroalloys) by 
countries—Continued 
(Thousand short tons) 


A od fa and N d 
esia and Nyasaland, 
Federation of: 
Southern Rhodesia............... 
Union of South Afriea................ 


United Arab Republic, (Egypt). ..... 
Total. ĩðͤ 2,201 
Oceania: Australia...--------------------- 2.806 3,28 3258 
World total (estimate) 216,750 | 247,100 | 285,000 | 289,350 


1 Pig iron is also produced in Republic of the Congo, but quantity produced is believed insufficient to 
affect estimate of world total. 

3 This table incorporates some revisions. Data do not add to totals shown because of rounding where 
estimated figures are included m the detail. 

3 Estimate. 

Ave annual production 1954-56. 

$ T.8.8.R. m Asia included with U.S.S.R. in Europe. 

* Based on figures frem Chinese sources. 1958 does not include approximately 4,000,000 tons produced of 
substandard grade iron produced at small plants. 1939 production probably includes LES iron obtained 
from reworking the low-grade product of 1958 and an unreported quantity bably tively small) of 
substandard iron from small plants, most of which were shut down early in the year. 

? Average annual production, 1985-86. 

Compiled by Pear! J. Thompson, Division of Foreign Activities. 


TABLE 23.—World production of steel ingots and castings by countries ! 


(Thousand short tons) 
A 1952-56 — e 
Country (average) 1957 1958 1959 1960 1961 
North America: 
„ E DEE EE 4,170 5, 068 4, 359 5, 901 5, 790 6, 466 
o 733 1. 136 1,144 1, 442 1,713 1, 846 
Uran. 105,068 | 112,715 85, 255 93, 446 99, 282 98, 014 
"LOU 0 109, 971 118, 919 90, 758 100, 789 106, 7 106, 326 
South America: 
c 223 3 4 400 269 236 305 486 
e ` EE EE PAE E RE 1, 319 1, 523 1, 672 1, 910 2, 186 4 2, 600 
DUI arar ada re 342 428 384 457 465 400 
COI as EC, 39 126 133 120 173 194 
y E CAER A PP SES PAE, ESA 43 4 55 465 
ja ARPA A 1, 923 2, 477 2, 458 2, 766 3, 184 4 3, 745 
Europe: 
HU" "CEET ,741 2, 766 2, 638 2, 769 3, 487 3, 418 
O MEA A 5, 894 6, 917 6, 626 7, 096 7, 923 7, 
IS NEE EE, ER 5 64 175 233 254 277 
e 4,794 5, 695 6, 074 6,7 7, 460 7,764 
=>. MOP aad ma p 235 289 281 322 351 
O A IO ee 186 229 209 262 285 310 
lo 0 Ks o ee EE TOS, E Se 12, 617 15, 398 15, 947 16, 617 19, 049 19, 401 
Germany: 
| SER ER BI ee ee ee ee 2, 564 3, 191 3, 354 3, 535 3, 678 3,706 
West (including Saar) 23, 818 30, 805 28, 930 32, 446 37, 589 36, 881 
D, TERNA RI PAGO 60 480 125 99 4 140 4 150 
c 1. 661 1. 516 1, 793 1, 939 2,078 2, 263 
Fee SES npa IO e 29 28 31 44 44 
Go. ME C nod. W a ee 4, 970 7, 481 6, 913 1,454 9, 071 10, 057 
2 IR AREAS E 3, 344 3, 850 3,725 4, 038 4, 502 4, 534 
A E A Y O EE 995 1, 306 1, 585 1, 841 2, 141 2,173 
.. ee 174 386 400 470 527 536 
. 4. 447 5, 847 6, 242 6, 790 7, 585 7.974 
SS — Ped hd 791 52 1, 030 1, 564 1, 991 2, 345 
RR EE 1, 252 1, 526 1, 734 1, 995 2, 157 2, 434 
e DEE 2, 158 2, 737 2, 653 3, 155 3, 547 3, 921 
O EE 17 247 256 270 309 
Gp 0 00 A RENE er eee ee 45, 862 56, 412 60, 539 66, 107 71, 973 77, 933 
Lu, hx, ` BE EECH 20, 830 24, 303 21, 914 22, 609 27, 222 24, 752 
A, WEE EE 720 1, 156 1, 233 1, 432 1, 590 1, 689 
d ` LECH? 139,382 | 173,292 | 174,474 | 189,872 | 214,970 221, 140 
— —_— El El El 
'otnotes at end of table. 
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TABLE 23.— World production of steel ingots and castings by countries—C on. 


(Thousand short tons) 
Country ! 1052-30 1957 1958 1959 1900 1961 
(average) 
Asia: 
CHING A E A 2, 792 5, 897 8, 820 14, 720 20, 340 4 16, 540 
A A ͤK ͤ ode pidas : 1, 920 2, 030 2, 726 3, 623 4, 488 
Tel BEE, EN m8 $29 26 45 4 80 
2 JJ RN A SQ deir 9, 461 18, 856 13, 358 18, 330 24, 403 31, 160 
North 4... LL ccce esee cce ceec ere 87 805 400 500 710 850 
Republic ol 6 19 22 42 55 52 
Philippines. A ß 63 73 4 70 470 480 
wan (Formosa) 44 98 118 175 220 218 
RI d. cz 8 6 6 7 8 9 
7 A A UR: 195 194 176 236 293 356 
er 14, 428 22, 358 25, 032 36, 832 49, 767 53, 833 
——— 
ca: 
Rhodesia and Nyasaland, 
Federation of: 
Southern Rhodesia. .....-.-......- 45 72 79 51 88 88 
Union of South Afriea 1, 556 1, 915 2, 019 2, 090 2, 328 2, 738 
United Arab Republic, (Egypt) . 65 110 110 110 150 165 
Total csi ee ccu EURRus deduc 1, 666 2, 097 2, 208 2, 251 2, 566 2, 991 
Oceania: Australla . 2. 382 3, 377 3, 509 3, 803 4, 129 4, 338 
World total (estimate) 269,750 | 322,500 | 298,450 | 336,300 | 381,400 | 392,400 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

? Data from American Iron and Steel Institute. Excludes production of castings by companies that do 
not produce steel ingots. 

3 Including slau Be Estimate. Average annual production, 1953-56. 

Including secondary 7 U.S. S. R. in Asia included with U. S. S. R. in Europe, 

$ Includes 1957 production when plant came into operation. 


Compiled by Pearl J. Thompson, Division of Foreign Activities. 


NORTH AMERICA 


Canada.— Production of pig iron and steel in 1961 were at record 
highs of 4.6 million short tons and 6.5 million tons, respectively. 
Open-hearth furnaces and oxygen converters accounted for 91 percent 
of steel output, with the remaining 9 percent made in electric furnaces. 
Canada had two oxygen converter plants with a combined capacity of 
1.8 million short tons as of January 1, 1961. Production of hor 
rolled products totaled 4.9 million tons, compared with 4.6 million 
tons in 1960. Imports of selected steel products were 838,388 tons, 
compared with exports of 731,183 tons. Pig-iron exports totaled 
599,358 tons. Consumption of coke per ton of pig iron was 1,418 
pounds, virtually the same as the U.S. rate, compared with 1,538 
pounds in 1960. Oxygen consumption at steel plants was 5.4 billion 
cubic feet, an increase of over 1 billion cubic feet over 1960. Con- 
sumption in steelmaking furnaces increased from 3,900 million cubic 
feet ın 1960 to 4,969 eubic feet in 1961. Blast furnaces used 7 million 
cubic feet, 2 million less than the previous year.“ 

In addition to new steel-plant facilities described in the 1960 chapter, 
Steel Company of Canada completed a 950-foot-long sendzimir-type 
contmuous galvanizing line and announced that an 80-inch cold- 
reduction mill would be constructed. Dominion Foundries and Steel, 

4 American Iron and Steel Institute, Ann. Statistical Rept. 1961, pp. 120-124. 


on Bureau of Statistics. Primary Iron and Steel. v. 16, No. 12, December 1961, 29 pp. 
Dominion Bureau of Statistics, Primary Iron and Steel. v. 17, No. 3, March 1962, 23 pp. 
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Ltd., at Hamilton, Ontario, relined its No. 1 blast furnace and re- 
placed its 50-ton oxygen converters with 105-ton-capacity units. 

Consolidated Mining and Smelting Co. of Canada, Ltd., started a 
new iron plant at Kimberley, British Columbia. This plant produced 
the first iron in western Canada from western ores. Estimated cost 
of the first stage of the plant was US$7.5 million. 

Atlas Steel, Ltd., announced construction of a 48-inch-wide stain- 
less stripmill at Tracy, Quebec, at an estimated cost of US$40 
million.® 

Mexico.—Mexico had sufficient raw materials to support a heavy 
iron and steel industry. Iron ore reserves with a minimum of 50 per- 
cent iron, from five major locations, were estimated to be 585 milion 
short tons. Manganese reserves were 13 million short tons, including 
a deposit at Autlan with an average content of about 35 percent man- 
ganese. Ores of chromium, molybdenum, tungsten, and vanadium 
occur only in small quantities, and their reserves were not known. 
Coal occurs in the valley of Coahuila, where an estimated 4,400 million 
tons was available. ost of the coal was of coking grade. Coke was 
being made at three plants-Compania Mexicana de Coque y Derivados 
S.A. at Monclova (Coah.), Compania Carbonifera de Salinas S.A. at 
Nueva Rosita (Coah.), and Compania de Combustibles de Agujitas 
S.A. in Coahuila; capacity was 1,263,000 short tons. The Mexican 
petroleum industry coul supply the oil and gas needed for its iron 
and steelmaking. Because a high percentage of the steel was made 
at nonintegrated plants, iron and steel scrap was an important raw 
material. Imports of scrap were 300,000 to 400,000 tons annually. 

There were two fully integrated steel plants, Altos Hornos de 
Mexico S.A. at Monclova (Coah.) and Compania Monterrey S.A. at 
Monterrey (N.L.), and two semi-integrated works, Hojalata y Lamina 
S.A. at Monterrey and La Consolidada S.A. at Piedras Negras (Coah.). 
The last-named plant was recently acquired by Altos Hornos de 
Mexico. The capacity of pig iron and sponge iron are given in table 
24; steel capacity by type of plant follows: 


Plants: Short tons 
Integrated plants: oceania is ia 1, 580, 000 
Semi-integrated plants .............. 44444 640, 000 
rr ³ĩW.0wü. auem y e ue 825, 000 


Pig iron: 
Altos Hornos de Mexico Monclova....... 617,000 
Fundidora de Fierro y Acero- 222222 Monterrey 386, 000 
La COnsolided i iics css cece canevecieetoeceweveciceseSenecaue Piedras Negras.. 77,000 
Total A A c A cuss 1, 080, 000 
Sponge iron: Hojalata y Lamina Monterrey 275, 000 


3 Iron and Steel Engineer, v. 39, No. 1, January 1962, p. 104. 
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The capacity of the two blast furnaces at Altos Hornos de Mexico 
S.A. was 1,760 short tons per day. During 1961 a seventh open- 
hearth furnace was added, and an eighth was to follow. With this 
additional steelmaking equipment, annual capacity in this plant will 
be 880,000 short tons. A 90-ton oxygen plant SÉ was purchased, 
and construction of a third blast furnace and a 72 inch-wide hot- 
m was underway. 

nidora de Fierro y Acero de Monterrey S.A. installed two new 
250-ton open hearths during 1961, bringing its total to seven and 
increasing steelmaking capacity to 690,000 tons. This company 
planned to increase its No. 1 blast furnace output to 500 tons per 
day and that of its No. 2 furnace to 700 tons. Plans were underway 
to construct a third blast furnace. A new blooming mill had been 
operating about a year. The company’s subsidiary, Aceros Planos 
de Monterrey S.A., reportedly started production of plate and hot- 
sheet products in 1960, and production of cold-reduced sheets in 
March 1961. 

Hojalata y Lamina installed two electric furnaces with an annual 
capacity of 100,000 short tons. The furnaces are 18 feet in diameter; 
each is powered by a 20,000-kva substation of equipment and has 
24-inch-diameter electrodes. Sponge iron and steel scrap will be 
used as a metallic charge in these furnaces. Accessory equipment 
installed includes cranes, pouring cars, and ladles. 

Plans were underway to make Tubos de Acero de Mexico (TAMSA) 
an integrated operation by installing electric furnaces to produce 
80,000 tons of pig iron per year. There would be a corresponding 
increase in stee] output to 165,000 tons a year. 

In addition to the plans already mentioned, new projects were 
underway at Manzanillo (Col.), Las Truchas (Mic.), Durango, and 
the Tehuantepec Isthmus. The latter project was to include instal- 
lation of Linz-Donawitz oxygen converters and electric furnaces and 
the development of new coal deposits. A forecast of Mexico’s steel- 
making capacity in 1963 and 1965 follows: 


Short tons 

Company: 1963 1965 
Altos Hornos de Mexico (incl. La Consolidada).... 1,300,000 1, 200, 000 
Fundidora de Fierro y Acero de Monterrey ....... 660, 000 1, 100, 000 
Hojalata y Lamina 550, 000 825, 000 
otal of integrated works 2,500, 000 3,625, 000 

Total of other works 660, 000 ; 
Total steel capacity 3, 170, 000 4, 450, 000 


Source: Metal Bull. 4579, Mar. 14, 1961, pp. 11-12; Metal Bull. 4580, Mar. 17, 
1961, pp. i-iv. 


SOUTH AMERICA 


Argentina.—Considerable progress was made in Argentina’s first 
integrated steel plant described in Minerals Yearbook, volume I, 
1960 Iron and Steel chapter, p. 618. "The first steel was produced on 
May 5, 1961, from one of the four open-hearth furnaces. The 
blooming mill and slabmill were also started in May, and the billet 
mill began operating in June. The structural mill started operations 
in October. The continuous hot-rolling mill was scheduled to start 
in April 1962, and cold-rolling facilities and tinning lines were to be 
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in operation by the end of 1962. Rolling-mill facilities included a 
rail-mill and splice-bar mill, which reportedly could produce all the 
rail requirements for North and South America. Even before full 
operations were achieved, plans were made to increase the output 
from open-hearth furnaces from 715,000 short tons to 1.3 million 
tons by adding a fifth open hearth and using oxygen in the furnaces. 
Future plans called for constructing another blast furnace and ex- 
panding steelmaking capacity to 2.2 million short tons.* 

Acecor Witten Rheinstahl, a newly formed Argentine company, 
planned to erect a plant in Cordoba to produce special steels for the 
automotive, railway-equipment, tractor, machine-tool, and petroleum 
industries. The new company was a joint enterprise composed of 
local investors and the West German steel firms, Gussstahlwerk 
Witten, A.G., and Rheinstahl Industrie Planung. 

The project will cost $12 million, with $8 million used to purchase 
machinery from West Germany, $3 million for building costs, and $1 
million for working capital. 

According to company officials, this plant would have an annual 
5 capacity of 44, 000 short tons of special steel, which will 

e equivalent to half the quantity imported in 1961. Gussstahlwerk 
Witten was to provide technical administration services for the first 
10 years of operation.“ 

Brazil.— The Government commission in Brazil recommended the 
building of a new steel plant in the newly formed State of Guanabara. 
The plant’s initial capacity would be 385,000 short tons of raw steel 
a year; this capacity would later be increased to 1.1 million short 
tons annually. The steelworks was to utilize high-grade iron ores 
from Minas Gerais and water and electrical power from Santa Cruz. 
A new rail line was planned to the ore-rich Paraopeba Valley, and a 
new coal and ore port was to be built on the Guanabara Coast. 

The new plant reportedly would be in production in 3 or 4 years. 
Its financing would require US$19 to US$22 million, as well as US$15 
million for purchase of plant equipment from abroad. This plant 
would produce mainly special steels.* 

Negotiations were underway with the German Krupp group for the 
erection of a $250-million dei plant, with a capacity of 550,000 short 
tons per year, near Rio de Janeiro.“ 

Air Products and Chemicals, Inc., a United States firm, started a 
new oxygen-producing facility for Companhia Siderurgicca Nacional 
(Brazilian National Steel Co.) at the latter company’s Volta Redonda 
works, 60 miles northwest of Rio de Janeiro. The 25-million-cubic- 
feet-per-month plant was one of the first facilities to supply oxygen 
for open-hearth steelmaking in South America. The plant was built 
for continuous operation and had a storage system for 125 short 
tons of liquid oxygen pu a 9-ton oxygen gas storage tank. Air Pro- 
ducts designed and built eight oxygen control systems to regulate 
the introduction of gas into open-hearth furnaces. 

Companhia Siderurgica Nacional announced a 1.4-million-ton steel 
production goal for 1963 and that its blast furnace to be installed at 


Journal of Metak, v. 14, No. 1, January 1962, pp. 43-45. 
Bureau of Mines. Mineral Trade Notes. V. 53, No. 3, September 1961, p. 24 

* Iron and Coal Trades Review (London), v. 183, No. 4851, July 7, 1961, p. 54. 

* Iron and Coal Trades Review (London), v. 183, No. 4858, August 25, 1961, p. 386, 
1 Journal of Metals, v. 13, No. d, September 1961, p. 505. 
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Volta Redonda would increase steelmaking capacity by 2.5 million 
tons by 1967."! 

Chile.—Chile’s only integrated steel plant was at Huachipato, on 
San Vincente Bay. It was owned by Cia de Acero del Pacifico 
S.A. (CAP), and represented about 85 percent of Chile’s iron and 
steel industry. 

Because of strikes on March 1, March 8-20, and June 29-30, 1961, 
steel ingot production by CAP was 14 percent lower than in 1960; 
semifinished products decreased 18 percent, and finished products 
declined 5 percent. A comparative analysis of 1961 and 1960 sales 
volume and revenue showed that a 28-percent increase in volume led 
to only a 16-percent increase in sales revenue in the domestic market. 
This was due to a 5-percent decrease in the average price of steel, 
made possible through CAP’s exemption from sales taxes by court 
order. CAP also was protected by tariffs, and imports of some 
products were prohibited. Prices of some products, such as galvanized 
sheet and tinplate, were reduced 12 percent. Foreign sale prices also 
were lower than in 1960 due to worldwide competition. Some 
neighboring countries were able to purchase steel products from CAP 
at an average price $20 below the price to local consumers. 

The CAP plant occupied 800 acres and had a pier which could 
handle all raw materials and exported steel products. The coke plant 
was composed of 70 Koppers-Becker ovens. A 20-foot, 9-inch 
hearth-diameter blast furnace was capable of producing 1,200 short 
tons of pig iron per day. Steelmaking facilities consisted of three 
110-short-ton-capacity and one 220-ton-capacity open-hearth furnaces. 
Ingot output was about 520,000 tons per year. The rolling-mill 
facilities included mills for the production of rods, plates, hot- and cold- 
rolled sheets, galvanized sheets, and tinplate. The plant also had a 
Yoder-type pipemill for making API specification pipe of 6%, 8%, 
and 103%-inch sizes. 

CAP planned to expand production to 660,000 short tons per year 
by 1965; its plan follows: 


Thousand short tons 
Capacity, Planned capacity, 

1961 1965 
y EE 500 660 

Salable products: 

Pr ³·¹1AAAA AAA 155 155 
PRlüb. uta . eee te tet tet rc usui 200 325 
Semen... Se See Ee 15 15 
I%%%%Zöͤͤ ·⁰¹i¹ͥ 370 495 


The program called for increased blast-furnace output, improved 
burdens, additional sintering facilities, and other improvements. 
Open-hearth furnaces were to be enlarged, and oxygen injection was 
to be employed. Rolling mills were expanded to take care of addi- 
tional ingot output; particular emphasis was placed on cold-rolling 
facilities. Silicon steel sheets for electrical uses, produced at this 
plant, were used with great success in Chile and Argentina. The fact 
that the Huachipato plant operated only with virgin iron ore and its 
own scrap ensured a steel relatively free from tramp elements. Steel 
of this purity has optimum electrical propertics. Studies were 
underway for installing electrolytic tinplate lines. 


u Foreign Commerce Weekly, v. 67, No. 5, January 29, 1962, p. 147. 
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The outlook for steel output in 1962 was encouraging, as domestic 

demand was expanding rapidly, particularly for ublic housing and 
rivate construction. Based on orders booked, the Chilean market 
or steel in 1962 should be 360,000 tons, or about 50 percent higher than 
1961 consumption. Increased construction, expansion, and improve- 
ment of railroad lines and the new Armco plant’s production of grind- 
ing-mill balls accounted for some of the increased demand.” 

Colombia.—The Government’s Acerias Paz del Rio S.A. plant near 
Bogota was close to iron ore, limestone, and coking coal deposits. 
Plant facilities included one 43-oven battery Disicoke coke plant, one 
550-ton blast furnace, three 25-ton Thomas converters, and one 20-ton 
electric furnace. Rolling mills had been operating for about 5 years, 
producing wire, round, and shapes. Plans were initiated to increase 
capacity substantially and to provide additional equipment for rollin 
steel products. Colombia imported a large variety of steel products.! 

Peru.—The steelmaking industry in Peru was concentrated es- 
sentially in the Sociedad de Gestion de la Planta Siderurgica de 
Chimbote y de la Central Hidroelectrica del Canon del Pato, S.A. 
(SOGESA), located in a seaport about 260 miles north of Lima on the 
Pan-American Highway. Production in 1961 was about 65,000 
short tons, with expansion plans calling for 265,000 tons in 1962. 
Pig iron for this plant was made in two electric furnaces with a daily 
output of 220 short tons. About 77 percent of the pig iron was de- 
livered to electric furnaces for refining to steel, and the balance was 
sold to foundries. The byproduct gas from the submerged-arc 
ironmaking furnaces was sufficient to meet plant requirements. 
SOGESA was the only plant in the Western Hemisphere to use 
electric-arc furnaces for refining hot metal (50 to 60 percent molten 
iron and the remainder scrap). Tap-to-tap time for low-carbon steels, 
using molten pig iron, was 5 to 5.5 hours per heat. 

The $38-million expansion program called for building a 500-ton- 
per-day blast furnace to utilize imported coke. Steelmaking equip- 
ment would include two 22-ton L-D oxygen furnaces. An oxygen 
plant was to be built near the plant site to supply 70,000 cubic feet 
of oxygen per hour. The program also called for construction of a 
four-strand continuous casting machine, the acquisition of a new wire 
rodmill and a sheetmill, and the replacement of galvanizing equipment 
for the production of 165,000 short tons per year. About 65,000 tons 
of billets would be available for export. A belt conveyor was to be 
installed for transporting coke and ore from dock bins to the storage 
area in the plant. A 16,000-kva thermoelectric powerplant, which 
would utilize blast-furnace gas and anthracite fines, was to be con- 
structed.!* 

Venezuela. —Per-capita steel consumption in Venezuela was high 
compared with that in most other South American countries, mainly 
because of Venezuela's large, highly specialized petroleum industry. 
Siderurgica Venezolana S.A. (SIVEN SA) more than quadrupled its 
output in the 1950’s. This semi-integrated company had electric 
melting furnaces and rolling mills for producing rod, wire, and bars 
from domestic scrap and imported billets. 

13 Pages 48-50 of work cited in footnote 6. 
U.S. Embassy, Santiago, Chile, State Dept. Dispatch 699, May 9, 1962, 


13 Pages 41-42 of work cited in footnote 6. 
14 Pages 46-47 of work cited in footnote 6, 
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Construction of Planata Siderurgica del Orinoco, an integrated 
steel mill, was nearing completion. This plant had nine electric 
pig-iron furnaces with a daily capacity of 220 short tons each; four 
open-hearth furnaces; a 44-inch blooming mill; and rolling mills for 
billets, structurals, rails, wire, rod, light shapes, and seamless tubing. 
Other facilities included a foundry, wire-drawing equipment, and 
associated departments. Upon completion, annual capacity was 
estimated at about 715,000 short tons." During 1961 work was 
started to convert one of the electric furnaces at this plant to the 
Strategic-Udy process. A kiln, 11 feet in diameter and 275 feet 
long, was to be used. The electric energy requirement utilizing the 
Strategic-Udy process will be about half that of the installed furnaces 
because a hot prereduced charge is used.!* 


EUROPE 


The European Coal and Steel Community (ECSC).—Crude steel pro- 
duction in 1961 was 80.8 million short tons, or 0.6 million tons more than 
for 1960. It decreased 2 to 3 percent in Belgium and Germany; it 
increased 1 to 2 percent in Luxembourg, Netherlands, and France, 
and it rose 11 percent in Italy. Steel furnaces in the Community 
operated at 92.4 percent of capacity, compared with 98.1 percent 
in 1960. The demand for steel lessened during the last half of the 
year, as users reduced their stocks. Exports were &bout the same 
as in 1960, ranging from 716,000 tons per month to 1.1 million tons. 

Production of pig iron during the first half of 1961 was about 
7 percent above 1960. However, during the second half sales de- 
creased, and by yearend monthly production was about the same as 
in 1959. The Community produced 60.2 million tons of pig iron 
in 1961, compared with 60 million in 1960. Consumption of pig 
iron per ton of steel was 1,384 pounds, compared with 1,392 pounds 
in 1960 and 1,398 pounds in 1959. Imports from other countries 
decreased slightly in 1961, dropping from 1.1 million tons in 1960 
to 1 million in 1961. Exports were small and totaled 0.3 million 
tons, compared with 0.4 million in 1960. 

The agglomerate portion of the blast-furnace charge was 1,400 
1 per ton of pig iron, compared with 1,272 pounds in 1960. 

he use of coke in blast furnaces decreased 60 pounds per ton, and 
the Community coke rate in 1961 was 1,712 pounds per ton of pig 
iron. Coke consumption by the steel industry was 55.7 million tons, 
or 0.7 million tons less than in 1960. The use of scrap in the blast 
furnace was 112 pounds per ton of pig iron during 1960 and through 
1 1961, but it decreased to 80 pounds per ton by yearend. 

The percentages of total steel made by the several processes during 
1961 were as follows. Basic Bessemer, 48.5; acid Bessemer, 0.3; 
open hearth, 37.0; electric, 11.0; and other (including L-D Rotor 
and Kaldo), 3.2. Corresponding figures for 1960 were 49.3, 0.3, 
37.8, 10.4, and 2.2. The production of “new steel" by oxygen proc- 
esses was 3.6 million tons, or 3.2 percent of total production, compared 
with 1.8 million tons in 1960." 

15 Page 41 of work cited in footnote 6. 

1$ Page 115 of work cited in footnote 8. 


H European Coal and Steel Community. Tenth General Rep. on the Activities of Community, Jan. 
81, 1962, pp. 81-64. 
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The Community continued to expand iron and steelmaking capaci- 
ties through construction and modernization. In Italy, industrial 
investments made and planned for 1961 and 1962 totaled US$474 
million; US$140 million was for blast furnaces, US$96 million for 
open-hearth furnaces, and US$238 million for steel-rolling facilities. 
In addition, some United States companies had invested in Italy. 
Armco International Corp. and Società Finanziaria Siderurgica per 
Azioni (Finsider) pucr established a plant at Naples in the late 
1950’s. In 1960, Crucible Steel acquired 75 percent of the stock of 
Fonderie Milanesi Vanzetti. In 1961, U.S. Steel Corp. signed a 
US$16 million accord with Finsider. Republic Steel’s trademark 
SE on stainless steel produced by Fiat." 

uring 1960, French investments by iron and steel producers 
for new facilities reached a new high of US$267 million. In addition 
to the complexes under construction at Dunkirk and Joeuf, French 
plans through 1965 called for construction of 12 new blast furnaces 
and the reconstruction of 26 existing units. Paralleling this measure, 
sinter production, currently at 7 million tons annually, was to be 
quadrupled. Expansion in steel capacity included the construction 
of 30 new electric furnaces which would increase electric-furnace 
steel capacity 30 percent. Construction of 12 new oxygen converters 
was also planned.“ 

Despite the leveling off of the steel boom in West Germany, some 
US$400 million was spent in 1961 in new investments in the steel 
E and outlays were expected to reach about the same level in 
1962. In West Germany, there was a growing emphasis away from 
increasing crude steel production and toward increasing investments 
in finishing mills. Húettenwerke Oberhausen AG, Bochum Verein 
fuer Gussstahl Fabrikation AG, and Deutsche Edelstahlwerke AG, for 
example, had major programs SE for the expenditures of a total 
of US$81.5 million; all but a few million of the dollars was to be spent 
on such projects as wire, small sections, plates, and broad strip mills. 
This trend also was favored by other major German steel producers.” 

Portugal.—The first blast furnace in Portugal, owned by Siderurgia 
Nacional, was blown in at Tagus in August 1961. The initial annual 
capacity of the steelworks, built by a German-Belgian group under 
the leadership of Demag, was 275,000 short tons of rolled steel products 
Its target was 550,000 tons by 1964. Products included bars, rods, 
strip, and certain sections. 

EE Export-Import Bank of Washington, D.C., authorized 
a US$13 million loan to Empresa Nacional de Siderurgica, S.A. 
(ENSIDESA), in Madrid, for the purchase of a cold-reduction mill 
to be installed at its integrated iron and steel plant at Aviles. The 
loan also covered pickling, annealing, shearing, and temper pass mill 
facilities. Construction of the mill was expected to be completed late 
in 1963. 

In steelmaking, the 60-ton electric furnace at the Altos Hornos 
Baracaldo works, the largest in Spain, had a daily capacity of 300 tons. 
Altos Hornos' new blooming and slabbing mill were fully operational, 


u U.S. Embassy, Rome, Italy. State Department Dupa 843, May 3, 1962. 

*U.8. Embassy, Paris, France. State Department Dispatch 1,472, May 9, 1962. 
V. S. Embassy, Paris, France. State Depertment Dispateh 464, Oct. 20, 1951. 
x U.S. Embassy, Duesseldorf, West Germany State Department Dispatch 325, May 11, 1982, 
> \t ning World and Engineering Record (London), v. 177, No. 4550, May 1961, p. 185. 
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and the installation of a billet mill transferred from Baracaldo was 
reportedly near completion.* 

nited Kingdom.—A drastic change was predicted for the British 
steel industry if the United Kingdom joins the European Economic 
Community, asindicated by several sources. The E had broad 
powers, was financially independent, and had 1 take discipli- 
nary action. As a member of the Community, the United Kingdom 
Iron and Steel Board could no longer set prices because the ECSC 
treaty called for free pricing. Also, the United Kingdom would be 

uired to permit the export of scrap; that is now prohibited. 

teelmaking apoy in the United Kingdom was expected to in- 
crease 25 percent by 1965. Ingot capacity in 1961 was about 30 million 
tons and was expected to increase to 38 million tons by 1965. Esti- 
mated outlay for 1961 was US$420 milliòn, compared with US$364 
million in 1960. 

A large project was scheduled for completion in 1962 at the new 
Spencer works being built by Richard Thomas and Baldwins Ltd. at 
Kee in a tidewater area just outside Newport in South Wales. 
The project included two 30-foot hearth-diameter blast furnaces, each 
with a daily capacity of 2,200 short tons; four batteries of coke ovens, 
totaling 140 ovens; three 110-short-ton L-D Oxygen converters, sup- 
plied by three 200-ton oxygen plants; 20 soaking pits; a universal 
slabmill, with two slab reheating furnaces; & six stand continuous 68- 
inch fully automated hot-strip mill, with output speeds of 3,000 fpm; 
a 66-inch cold-reduction mill, with speeds up to 4,000 fpm; two high- 
speed temper mills; and sheet and strip processing equipment. 

The South Durham Iron and Steel Co., Ltd., was installing a 28- 
foot, 3-inch hearth-diameter blast furnace and two additional batteries 
of coke ovens at its South works. This company also planned to con- 
struct a universal beammill, capable of rolling a wide range of beam 
sizes, at its Cargo Fleet works. The estimated cost of the mill was US 
$12 million, and the plant was scheduled to start operating early in 
1962. 

Shelton Iron and Steel Company, Ltd., at Stoke-on-Trent, placed 
an order early in the year for a Kaldo oxygen steelmaking plant for 
its Etruria works. A continuous casting machine was to be constructed 
at this plant. 

In May, the Millom Hematite Ore and Iron Company, Ltd., at 
Millom, England, lit its new 20-foot hearth-diameter blast furnace 
with arated aged of 880 short tons per day. 

The Tinsley Park works in Sheffield, England, was spending an 
estimated US$73 million for construction of a 42-by 102-inch bloom- 
ing and slab mill, two 32-inch reversing billet milla, an 18-inch bar 
roughing mill with extensive finishing equipment, two 110-short-ton- 
capacity electric-arc furnaces, and vacuum casting equipment. This 
project was scheduled for completion in early 1963. 

In June 1961, Appleby-Frodingham Steel Company started a new 
universal beammill designed by a German firm. The mill consists of a 
universal roughing stand with edger, a finishing stand, roller tables, 
transfers, and a saw. 

33 Foreign Commerce Weekly, v. 65, No. 14, Apr. 3, 1961, p. 35. 
Foreign Commerce Weekly, v. 65, No. 21, May 22, 1961, 


. 48. 
Iron &nd Cos! Trades Review, v. 182, No. 4832, Feb. 24, oot, p. 405. 
Iron and Coal Trades Review, v. 182, No. 4827, Jan. 20, 1961, p. 142. 
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New facilities to increase the British capacity for producing stainless 
steel products of various types included a 60-inch Sendzimir mill for 
Burys & Co., Ltd.; processing equipment for Samuel Fox & Co., Ltd.; 
a 19-inch Sendzimir mill for Authur Lee «€ Sons, Ltd.; a 42-inch 
Sendzimir mill for Shepcote Lane Rolling Mills, Ltd.; a 49-inch 
Sendzimir mill, a planishing mill, and a pickle line for Richard Thomas 
& Baldwins, Ltd.; an 88-ton electric furnace for Clyde Alloy Steel Co., 
Ltd., a division of Colvilles, Ltd.; and the new works at Tinsley Park 
for English Steel Corp., Ltd. 

Firth-Vickers Stainless Steel, Ltd., in Sheffield, was spending 
US$12.6 million modernizing its plate and wide-sheet facilities. 
This project will double the company’s stainless steel output, which 
was 40 percent of the United Kingdom's total production in 1961. 
The project called for a new 80-inch-wide hot reversing mill for plate 
and for sheet up to 73 inches wide. 

In Scotland, Colvilles, Ltd., was planning to expand its steelmaking 
capacity from 2.5 million to 3.6 million tons per year. Part of the 
program included a new hot-strip mill at Ravenscraig and a cold- 
reduction mill at Gartcosh.?? 

Yugoslavia. —Yugoslavia's current 5-year plan called for increasing 
steel production from 1.2 million short tons in 1961 to 2.5 million 
tons in 1965. This increase was to be accompanied by modernization 
and expansion of the Niksic, Ilisjas, Store, Zenica, Sisak, and Jesenica 
plants. As part of the expansion, new steclworks with a combined 
capacity of 600,000 tons were to be built at Zenica and Sisak. The 
following capacities were to be increased: Pig iron, from 1.1 million 
tons to 1.8 million tons; heavy and medium plates, from 115,000 tons 
to 360,000 tons; sheets, from 115,000 tons to 165,000 tons; sections, 
from 560,000 tons to 700,000 tons; and tubular products, from 90,000 
tons to 175,000 tons. 

In financing this expansion, the British consortium Metallurgical 
Equipment Export Co., Ltd. (MEECO), reached a preliminary 
agreement for a contract of about US$78.4 million for the building of 
a new plant. The consortium included six British construction 
companies. In addition, an $8.5-million loan was SE by the 
U.S. Development Loan Fund in January 1961. The U.S. loan 
would help provide a skelp mill and a welded tubemill, which was 
secured from a U.S. supplier for the Sisak Iron and Steel Works. 
The steel industry expansion will increase import requirements for 
coking coal and reduce requirements for imported steel.“ 


ASIA 


Ceylon.—A new steel plant costing about US$17 million was author- 
ized. In the first stage, a 40,000-ton-per-year rolling mill was to be 
built to process imported billets. In the second stage, two open 
hearths were to be built to melt steel scrap and imported pig iron. 
Later, a charcoal blast furnace was planned to utilize Ceylon’s iron 
ore, estimated to be at least 2.8 million tons. Russian technicians 
reportedly tested samples of Ceylon’s rubber-tree timber and indicated 


22 Pares 105-106 of work cited in footnote 5. 
3% Foreign Commerce Weekly, v. 66, No. 15, Oct. 9, 1961, p. 39. 
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that rubber-wood charcoal would be a suitable substitute for coke in 
the blast furnace. 

China.—The processing of more than 40 types of new steel and some 
30 new rolled products was reported in 1961. Production was 24.3 
million tons of pig iron and 16.5 million tons of steel, compared with 
30.3 and 20.3 million tons, respectively, in 1960. Iron and steel 
production was reduced because of a lack of iron ore and coke. How- 
ever, the United Nations estimated that China’s production of steel 
would be 58 million tons in 1962; China predicted the production of 
some 77 million tons for that year. 

During 1961 greater emphasis was placed on improved preparation 
of the burden for blast furnaces, high wind rates, and use of oxygen. 
More electric steel was produced, and converter steel, made mostly 
in side-blown basic converters, accounted for approximately one- 
third of total output. One report claimed improved smelting tech- 
niques had made it possible to supply converters with high-tempera- 
ture molten metals of low-phosphorus content. Evidently, this type 
of metal was not produced in the blast furnace. A second report 
disclosed that about 20-percent scrap could be used in converters, 
making it possible to produce high-quality steel and also to reduce 
pig-iron requirements per ton of steel made. This implied that the 
pig iron was low in quality. 

lants participating in diversification of products and quality control 
included Anshan, Shanghai, Taiyuan, Chungking, Tientsin, Kunming, 
and Anyang. 

Anshan, China’s largest steel plant had the capacity to produce 
5.5 million short tons of pig iron, 6 million tons of crude steel, and 5.5 
million tons of rolled products. This complex operated more than 
40 mines, mills, and fabricating plants and employed 170,000. The 
tenth blast furnace, constructed in 1958, reportedly could make 1 
million tons of pig iron annually. Transportation difficulties and 
shortages of mechanical equipment caused by heavy rains and flood 
damage during August 1961 forced four blast furnaces and eight 
open hearths to curtail operations as long as 13 days. Iron ore and 
coal shortages also limited 1961 production. To overcome this 
problem, 1,600 workers from the steel plant were drafted to work in 
nearby mines. 

Shanghai, perhaps the fourth largest steel center, planned to pro- 
duce about 2.8 million short tons in 1961, mostly from Bessemer 
converters. Available information however, indicated that steel 
output at this plant would be below the 1960 level and would be 
between 1.7 and 2.2 million tons. During 1961, Shanghai reportedly 
was making many kinds of high-grade steels and new products never 
before produced. Pig-iron requirements were reported to have 
declined. Two blast furnaces, each with an annual capacity of 
130,000 tons, were completed in 1959, and two similar furnaces were 
under construction in 1961. Some sources indicated that construc- 
tion of the latter two furnaces may have been completed during 1961. 

Construction of the Wuhan and Paotow 12 95 complexes began 
early in 1957, and each of the integrated steel plants was to have a 
capacity of 3.3 million short tons. Reportedly, construction of the 

uhan plant had begun as of the end of 1960 or early 1961. Facilities 
at this plant were to include two blast furnaces (1,386 and 1,436 


3 Iron and Coal Trades Review (London), v. 183, No. 4863, Sept. 29, 1961, p. 708. 
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cubic meters in size); four open-hearth furnaces, with a combined 
capacity of 2,200 tons per year; rolling mills; and coke ovens. A 
report of a third blast furnace and two additional open hearths was 
not confirmed. Efforts were made towards maximum utilization of 
existing capacity in 1961, reportedly 1.5 million tons. However, due 
to repairs and other difficulties, output from this plant was not 
expected to exceed the 825,000 tons produced in 1960. 

formation on developments at Paotow was not available. Facili- 
ties completed by mid-1960 included a blast furnace, a 725-ton open 
hearth, two coke-oven batteries, and a refractories plant. Construc- 
tion of a second blast furnace was started in May 1960, and the erec- 
tion of two additional open hearths was scheduled for the second half 
of the year. 

Output at the four plants juat mentioned (Ansham, Shanghai, 
Wuhan, and Paotow) was probably about 8.8 million tons in 1961, 
half of China’s output. China claimed to have iron and steel indus- 
tries in each of its 27 provinces and regions. Those producing be- 
tween 500,000 and 1 million tons included Shihchingshan, Penhsihu, 
Taiyuan, the Tientsin area, and possibly several others. Many 
smaller plants, with capacities ranging from 50,000 to 500,000 tons 
per year, accounted for 4.5 million to 5.5 million tons per year.“ 

Japan.—Japan ranked fourth (after the United States, the U.S.S.R., 
and West Germany) in iron and steel production and was the foremost 
producer in Asia. Japan produced 7 percent of the world steel output, 
and production was still rising. In 1961, 17,439,331 short tons of 
pig iron, 31,159,816 tons of crude steel, and 22,478,816 tons of hot- 
rolled ordinary steel were produced. 

Exports in 1960—61 averaged 2,755,750 short tons per year, 

Steelmaking capacity in 1962 was 32 million short tons, and it 
was to be increased to 53 million tons by 1970. Estimated capacity 
in 1970 by type of furnace was: Basic oxygen converter, 28 million 
short tons; open hearth, 15 million tons (no increase); and electric 
furnace, 10 million tons (a 5-million-ton increase). Estimated cost 
of the program was US$8.3 billion. 

During 1961, four blast furnaces were built: A 1,875-short-ton- 
per-day furnace in Muroran, by Fuji Iron and Steel Co., Ltd.; a 
1,650-ton furnace at the Chiba works of Kawasaki Steel Corp.; 
a 1,100-ton furnace at the Nadahama works of Kobe Steel Works 
Ltd.; and a 1,320-ton furnace at the Wakayama works of Sumitomo 
Metal Industries, Ltd. Some 20 additional blast furnaces, with 
capacities up to 2,500 tons per day, were planned for the next 4 

ears. Virtually all the blast furnaces in Japan are near seaports, 
acilitating the importation of raw materials and the marketing of 
pig iron and finished steel products. 

Although some open hearths were enlarged during 1961, the em- 
phasis toward increasing steelmaking capacities was placed in basic 
oxygen converters. ew equipment included two 65-short-ton 
converters at the Hirohata works and two 75-ton converters at the 
Muroran works of Fuji Iron and Steel Co., Ltd.; two 45-ton converters 
at the Kokura works and two 90-ton converters at the Wakayama 
works of Sumitomo Metal Industries, Ltd.; and two 65-ton converters 


* Wel, W. T. Mineral Developments in Communist China During 1961, Min. J. (London), v. 258, No. 
6607, April 6, 1962, pp. 334-337. 
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at the Nadahama works of Kobe Steel Works, Ltd. Expansion 
plans for the next 4 or 5 years called for some 20 oxygen converters 
with 65- to 145-short-ton heat capacities. 


TABLE 85.— Oxygen converters installed or scheduled for construction in Japan, 
as of April 1962 


(Short tons) 


Completion date 


Company and works Number | Capacity 
per beat 


EE 2 55 | September 1957. 
A . ̃7Ü˙ !... 8 2 65 | September 1059. 
A A E SSE 1 75 | October 1960 
2 145 1 
P A 3 145 | 1965. 
Fuji Iron and Steel Co., Ltd.: 
A ceskel eaten ueeesiecuc cebcsceue 3 65 | November 1961. 
1 90 | 1903, 
n d ß dente mE uE 2 76 | July 1061, 
air, v ß 3 1965. 
Nippon Kokan K. K. (Nippon Steel Tube): 
awasaki...... Ee 2 45 | January 1958. 
DANG EAS A A ger 2 65 | March 1960. 
1 83 | 1962. 
HK re Ke DEE odi ee (t) 1045, 
Finn ³ðO ⁵ ðͤ y A 1 120 | September 1964. 
1 220 Do. 
Kawasaki Steel Corp.: 
COD / AAA 2 165 May 1062. 
Miert ³ð]Vi⁊d CR eRaUE ES DATE 2 220 | 1965. 
Sumitomo Meta! Industries, Ltd.: 
Ko Le SE : 8 + une 1851 
777; c d ay 
2 90 | March 1963 
i 90 | March 1965 
Kobe Steel Works, Ltd.: 
AG EE 2 65 | October 1961. 
K 0) : s e or 1868 
i.... II MEE ptember 1 
Tokai tron Manufacturing Co., Ltd.: Nagoya 2 130 | April 1963. 
Amagasaki Iron and Steel Manufacturing Co., Ltd.: 
Amagasak i ccce ce ee eee . . 2 35 | September 1960. 


1 Unknown. 
3 1965 or later, 


Source: Japan's Iron and Steel Industry 1961 and Far East Iron and Steel Trade Reports. 


da des had eight hot-strip rolling mills, 36 to 86 inches wide, with & 
rated oapacity of 8 million short tons. Table 26 gives major rolling- 
mill equipment scheduled for completion in 1961-62. 

Considerable research had been done in Japan on continous castin 
&nd Sumitomo Metal Industries, Ltd., in 1955, was the first to install 
& continuous casting unit for blooms and billets. This operation 
aided research and production. In December 1960, Yawata Steel 
Works completed a large-type casting machine for manufacturin 
wide slab castings for stainless steel. Vacuum casting, which had 
been in the experimental stage for several years, was in practical use, 
and 31 units of vacuum-casting equipment, each with a maximum op- 
eration capacity of 285 short tons, were in operation. 

.. Japan utilizes three direct ore processes—the Krupp-Renn, Kami- 
jima, and Wiberg-Soderfors. Four rotary kilns at the Fuji plant, 
with an estimated output of 60,000 short tons in 1961, and three 


£ Japan Iron and Steel Federation. Monthly report of the Iron and Steel Statistics. V.5, No. I, Jenu- 
ary 1962, pp. 1-3. 
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TABLE 26.—Major rolling-mill equipment under construction in 1961 


Company and works Kind of mill Completion date 


Yawnta Iron and Steel Co., Ltd.: 
Tob 


FIC 56-inch, 6stand Tandem coldmill........ September 1961. 
PJ) AAA 3d electric tinning line.................... June 1962. 
e . seasons Cold Sendzimir line March 1962. 
areecht ee eer Wide-flange beammlll..................... NA. 
Tokai Iron Manufacturing Co., Ltd.: 
A EE 88-inch continuous hot-strip mill July 1961. 
ET EE 56-inch Tandem cold-strip mill October 1960. 
Dom EE §6-inch 4-H. skin pass mill NA. 
Nippon Kokan K. K. (Nippon Steel Tube): 
A e 56-inch 5-stand Tandem coldmill..........| March 1961. 
D0 EE Continuous galvanizing line. June 1961. 
Kawasaki Steel Corp.: 
j) 8 166-Inch Thigh platem ill NA. 
)));öÜ . ⁵⁵ 88 Universal slabbing mill December 1961. 
J7///Fſ—T—T—0V0VGT0TVVTC ens Continuous galvanizing line July 1961. 
ee 2d cold Sendzimir mill.................... January 1962. 
Ip) EE E Medium section mill June 1961. 
EE Spiral-weld tube machine 0 
Sumitomo Metal Industries, Ltd.: Waka- 
ü ³˙owꝛꝛ y A M eEdEE E 80-inch semicontinuous hot-strip mill. March 1962. 
Kobe Stcel Works, Ltd.: 
)) . Slabbing mill............................. Do. 
/ (h du EEE du e 5th continuous wire rodmill............... May 1961. 


Source: Japan's Iron and Steel Industry 1961. 


kilns at the Ohyeyama plant, with an estimated output of 24,000 
tons in 1961, employed the Krupp-Renn process. Rinkagaku- 
Kogyo Co., Ltd., utilized the Kamijima process. The equipment 
for this process; is virtually the same as that for the Wiberg-Soderfors 
process, however, the Japanese did not use reducing gas made from 
producer gas in carburetors. Instead, waste gas, discharged from 
electric furnaces during 5 of pig iron and ferroalloys, was 
used as the reductant. The capacity of the Rinkagaku-Kogyo plant 
was about 16.5 tons per day. Wiberg-Soderfors sponge-iron plants 
were planned by Hitachi Metal Industries, Ltd., 11,000 short tons 
capacity, and Sanyo Special Steel Co., Ltd., 28,000 short tons capacity. 
Research projects underway included the study of a fluidized-bed 
reduction method and the industrialization of the Nakajima process 
for making sponge iron. 78 

Korea, Republic of.—A private economic development program 
was submitted to the Supreme Council for National Reconstruction 
by the Korean Businessmen’s Association (KBA) on September 14, 
1961, for the construction of an integrated steel plant. Outlays 
were estimated to be US$32 million. This plant was to be erected 
on the east coast between April 1962 and 1965; 1t was to have an 
annual capacity of 270,000 short tons of pig iron, 238,000 tons of 
steel ingots, and 181,000 tons of finished steel products. Raw mate- 
rials were to be obtained locally. ?? 

Philippines.—The Export-Import Bank of Washington D.C., 
granted $62.3 million credit for establishing a steel mill at Tligan 
City, Mindanao Island. The loan was scheduled for payment in 
16 15 beginning in 1966. In accordance with basic policy of the 
Philippine Government, a new corporation with authorized capital 
of $60 million was to be formed, with the government subscribing 


% Tokyo Forcien Service. Japan's Iron and Steel Industry 1961. 301 pp. 
Bureau of Mines. Mineral Trade Notes V. 54, No. 2, February 1962, p. 25. 
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51 percent and private industry 49 percent. Jacinto Steel, Inc., 
was the private investor. 

Initially, annual capacity of the plant was to be 275,000 short tons 
of finished steel products. Koppers Company International was 
designated by the Philippine Government to supply technical and 
managerial assistance during construction and the initial operations. 
Filipino contractors and local engineers and labor were to be used. 
It was anticipated that more than 6,000 persons would be employed. 

A second integrated steel plant, partially described in the 1960 
Iron and Steel Chapter, page 626, was approved in August 1961. 
This plant, to be built on the shores of Luzon Laguna de Bay, south 
of Manila, was to utilize iron ore from the Santa Inez deposits in 
the mountainous area near the Rizul-Quezon provincial boundary, 
about 25 miles from Manila. The project would require an outlay 
of about US$50 million. West German firms will subscribe US$28 
million, and Philippine industry will provide the remaining US$22 
million. The proposed plant will employ 2,000. 29 


AFRICA 


Union of South Africa.—The South African Iron and Steel Indus- 
trial Corp., Ltd. (ISCOR), announced a program to increase annual 
steel ingot capacity to nearly 4 million tons by 1969. Annual capac- 
ity in 1962 was about 2,350,000 tons. Export markets would be 
sought for production in excess of domestic needs. In the year 
ended June 30, 1961, ISCOR sold in export markets 85,342 tons 
of steel and 62,275 tons of P5 iron. ?! 

African Metals Corp., Ltd. (AMCOR), concluded & contract with 
Yawata Iron & Steel Posen d of Japan; by its terms AMCOR would 
supply Yawata with 5.6 million short tons of pig iron. Delivery, 
which was to begin in 1964, was to be 500,000 tons annually. 
AMCOR was to build & fourth furnace. Its 1962 pig-iron capacity 
was 350,000 tons annually. * 


OCEANIA 


Australia.—Construction of the first unit of the long-projected 
Whyalla (South Australia) $90-million steel plant began in February. 
The existing blast furnaces were to be altered to provide hot-metal 
feed for two oxygen coverters. The blooming mill was to be installed 
at the same time as the converters, and the installation of a merchant 
mill was to follow. Other facilities included an oxygen plant, precipi- 
tators for air-pollution control, and enlargement of existing buildings. 
Construction of the 500,000-short-ton plant was scheduled for com- 
pletion in 1964. 

The Federal and West Australian Governments were to spend $92 
million on railways to help establish a steel plant in West Australia. 
Broken Hill Pty. Ltd., agreed to build a US$99-million steel plant at 
Kwinana when the railroad is completed. 

* Mining Newsletter (Philippines), v. 12, No. 5, May-June, 1961, pp. 26-40. 

Foreign Commerce Weekly, v. 66, No. 25, Dec. 18, 1961, p. 47. 

$1 U.S. Embassy, Pretoria, Republic of South Africa Sta Department Dispatch 205, Nov. 20, 1961. 
South African Iron and Steel Industrial Corp., Ltd. Annual Report. 1961 


33 U.S. Embassy, Pretoria, Republic of South Africa State Department Dispatch 281, Jan. 9, 1962. 
U.8. Consul, Johannesburg, Republic of South Africa State Department Dispatch 268, Jan. 9, 1962, 
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Construction of a new 600-ton open-hearth furnace late in 1960 
raised Port Kembla’s steelmaking capacity to 3 million short tons. 
The furnace, one of the largest in the free world, was equipped with 
oxygen-blowing equipment. A second electric furnace, with a rated 
capacity of 50 tons, began operating at Port Kembla. 

uring 1961 steel officials from Canada and France were in Australia 
In connection with the construction of a second stainless steel strip, 
which reportedly was to be built in Sydney. 

A new sinter plant at Newcastle, completed in April 1961, was pro- 
ducing more than 1 million tons of sinter annually. Rehabilitation 
of the open-hearth furnace at Newcastle was almost completed, and 
work on the blooming mill was underway; foundations were prepared 
for two oxygen steelmaking furnaces. Other work at Newcastle 
included installation of a high-capacity rodmill, construction of a 
fourth blast furnace, and the rebuilding of the No. 2 battery of coke 
ovens. 


TECHNOLOGY 


Highlighting developments in U.S. blast-furnace research was the 
use of fuel injection—natural gas, fuel oil, and coal. Experiments at 
Colorado Fuel and Iron Corp. showed that 1,000 standard cubic feet 
of natural gas replaces 75 pounds of coke (worth about 60 cents). 
However, technical factors limited natural use to 4 to 6 percent of 
the airblast without oxygen injection. Tests at various locations 
demonstrated that coke consumption can be decreased up to 25 
percent and production increased 30 percent. In 1961, 13.2 billion 
cubic feet of natural gas was used in U.S. blast furnaces.?* 

Fuel oil was first used as a fuel in the No. 3 blast furnace in 8 
France in January 1960 under the sponsorship of the European al 
and Steel Community, and the results of the 1960 experiments on the 
use of fuel oil in the Liege experimental blast furnace were given in the 
1960 Iron and Steel Chapter, page 634. 

At National Tube Division, U.S. Steel Corp., McKeesport Works, a 


sl containing 60 percent coal and 40 percent oil was injected in 
the blast-furnace tuyeres, and Jarge savings were realized. Oil 
atomized and coal particles disintegrate when the sl passes 


through the tuyeres and into the furnace. One pound of the slurry 
replaced 1.4 pounds of coke, and the estimated daily saving for a 
1,500-ton-per-day blast furnace was $1,000. Coke was assumed to 
cost $16 per ton, coal $8 per ton, and fuel oil $0.08 a gallon. Estimated 
savings can be as high as $3 per ton of hot metal, provided oxygen, a 
beneficiated burden, and higher hot-blast temperatures are used. 

During 1960, the Bureau of Mines, in cooperation with U.S. Steel 
Corp. and ESSO Research and Engineering Co., conducted ex- 

eriments on the uso of fuel vil in the Bureau's 4-foot-hearth-diameter 

last furnace at Bruccton, Pa. Results of these tests showed that 


8 Iron and Coal Trades Review, v. 182, No. 4842, Ma 1961, p. 971. 

Steel, v. 140, No. 12, Sept. 18 1981 p. YN d 

Mining Journal, v. 250, No. 6550, Mar. 8, 1061, p. 280. 

Tron and Coal Trades Review, v. 182, No. 48M, June 30, 1961, p. 1412, 

Iron and Coal Trades Review, v. 182, No. 4884, July 28, 1961, p. 176. 

Stool, v. 140, No, A, July 31, 1961, p. 17. 

65077 ug Week, July & 1061 LA 

i Melalworking Weekly. V. 180, No. 18, Apr. 9, 1962, pp. 67-69, 
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when the furnace was operated with the minimum amount of oil 
(90 pounds per ton of hot metal) required to utilize the maximum hot- 
blast temperatures, the coke rate was decreased 197 pounds per ton 
of hot metal. Under these conditions, pig-iron output was increased 
19 percent over the base period.“ 

Canada, Dominion Foundries and Steel, Ltd., of Hamilton, 
Ontario, used 58 pounds af oil per ton of hot metal produced, with a 
high pellet burden. This resulted in a 7-percent decrease in coke and 
a 2-percent increase in productivity.“ 

During & 2-month experiment at The Colorado Fuel and Iron 
Corp., using oxygen in the blast furnace, mixtures of natural gas and 
oil were added. Natural gas was injected at rates up to 3,000 cubic 
feet RE ton of hot metal and fuel oil at 5 gallons per ton of hot metal. 
Production increased from 800 to 1,300 tons per day, and coke rates 
decreased to as little as 967 pounds per ton. 

At the Weirton, W. Va., pan of National Steel, tests were conduct- 
ed in which the amount of coal injected into the furnace was 10, 15, 
20, 25, and 30 percent of the total fuel requirement. High-volatile 
and low-volatile bituminous coals were used, and brief experience was 
obtained using anthracite coal. Substantial reductions in coke rates 
were realized when injecting coal.” 

Some of the advantages of fuel injection are: (1) Substantial savings 
in the cost of blast-furnace fuel; (2) additional savings from a reduced 
need for investment in coke-oven capacity; (3) improved operatin 
efficiency; (4) higher production with no increase in furnace size; an 
(5) ability to use the abundant natural gas, fuel oil, and lower quality 
noncoking coals instead of the more scarce and costly metallurgical 
grades now required in blast-furnace operation.” 

Ford Motor Co. continued an experiment similar to that of Great 
Lakes Steel Corp. (see 1960 Iron and Steel Chapter, Page 630) and 
produced a 427-ton heat at a rate of 105.1 tons per hour, with a total 
oxygen consumption of 1,533 cubic feet per ton. Some of the ad- 
vantages of oxy-fuel lances were: (1) Scrap meltin SEH was 

eatly increased over that of nominal end-burner deem (2) higher 

ame temperatures were realized; (3) vertical directed flames were 
superior to horizontal flames from end burners; (4) the lance facilitated 
rapid charging of low-density scrap; (5) firing continued while the 
direction ol firing was being reversed from one end of the furnace to 
the other, therefore, it was more efficient than from end burners; 
and (6) the maximum firing potential of the furnace was greatly 
increased. The general conclusion to be drawn from utilizing oxygen 
fuel lances is that scrap must be charged at a very rapid rate to take 
full advantage of the high-flame temperatures.* 

Armco Steel, which had been emphasizing prepared burdens for 
several years, produced over 3,100 tons of pig iron per day in its 
Middletown No. 3 blast furnace, using a 100-percent-pellet metallic 
charge, and established & new monthly record of 2,942 tons per day. 
Armco officials predicted that, with some alterations of the 5 
they could produce 3,200 tons per day. The Middletown plant had 

9 Blast Furnace and Steel Plant, v. 49, No. 12, December 1961, pp. 1189-1196. 

9 Blast Furnace and Steel Plant, v. 50, No. 1, January 1962, pp. 35-39. 

9 Journal of Metals, v. 14, No. 4, April 1962, pp. 295-298 

9 Iron and Steel Engineer, v. 38, No. 10, October 1961, p. 17 


5. 175. 
@ Duffett, Jr., Ralph. Some Aspects ol High-Oxygen Practice at Great Lakes. Open Hearth Proceod- 
ings, AIME. V. 44, 1961, pp. 48-62. 
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one blast furnace with a hearth diameter of 28 feet. Blowing equip- 
ment consisted of two turboblowers, each rated at 110,000 cfm. Some 
observations on the use of pellets were: (1) They could withstand 
high wind rates without sacrificing chemical or physical efficiency; 
(2) fines, which materially reduce effectiveness of high wind rates, 
were not present; (3) the material permitted high hot-blast heats and 
was particularly adaptable to high-moisture practice; (4) some effective 
means of stack Coole was required if high wind rates were to be 
used with conventional refractories; and (5) pellets were most effective 
when used as 100 percent of the ore burden as compared with using 
even small percentages of raw ore.*! 

During 1961, U.S. Steel built a small experimental blast furnace 
at the Universal Atlas Cement Division plant in Universal, Pa., for 
use in studying chemical reactions within the furnace. The furnace 
was equipped with modern instruments and probes to permit a 
complete analysis of the operation. It was designed to operate at 
top pressures up to 50 pounds per square inch with a 500-cubic-feet- 
per-minute blast heated to a maximum of about 2,500? F. The 
diameter was 4 feet, and the working height from tuyeres to stock 
line was 194% feet. Results of several mathematical model studies of 
the blast furnaces led to the development of equations which will 
predict complete blast-furnace behavior. Excellent agreement was 
obtained between predicted and actual results.€ 

In open-hearth steelmaking, new record outputs were registered, 
using oxygen and fuel-oxygen lances, which exceeded hourly outputs 
of oxygen converters operated during the year. At Great Lakes 
Steel Corp., 152.5 tons of steel per hour was made utilizing oxy-gas 
(natural) and regular jet oxygen lances. The end burners oF the 
furnace also had facilities for delivering undershot oxygen. Oxygen 
requirements for this 432-ton heat were 1,603 cubic feet per ton. 
Although oxygen requirements were slightly higher than for an average 
oxygen converter, approximately 15 percent more scrap was utilized 
than is normally used in LD converters. 

In another experiment at Great Lakes, in making a 460-ton heat, 
composed of a charge consisting of 50 percent scrap, 2 tons of coke 
was charged on top of the scrap burden under the oxygen roof lances. 
After ignition of the coke, a stream of high-purity oxygen was directed 
on the coke; this operation produced a very high temperature and 
facilitated rapid melting of the scrap, much in the same way that an 
oxygen oxy-fuel lance provided. The production rate for this experi- 
ment was 137 tons per hour, and the oxygen requirement was 1,162 
cubic feet per ton. 

The first installation that was to use the Kaldo process was under 
construction by Sharon Steel Corp. at its Roemer works in Farrell, 
Pa. Each of the furnaces will be 25-feet long and 18 feet in diameter 
at the center. The furnaces will rotate at speeds up to 27 rpm and 
are inclined at an angle of 17° from the horizontal during refining. 
Oxygen will be supplied through a 20-foot-long, water-cooled oscil- 
lating lance mounted in the exhaust hood. This process provides 


4 Haley, K. R. Operating Results, Using Taconite Pellets on Armco's Middletown Blast Furnace. 
Blast Furnace Coke Oven & Raw Materials Proc., AIME. V. 20, 1961, pp. 15-25. 

4 Madsen, I. E. Developments in the Iron and Steel Industry During 1961. Iron and Steel Eng., 
v. 39, No. 1, January 1962, p. 113, 
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selectivity in the elimination of metalloids and excellent control of 
carbon, phosphorus, nitrogen, sulfur, and final tapping temperatures. 
The thermal efficiency of the process permits scrap additions of up to 
50 percent of total metallics charged or 1% tons of steel per ton of 
hot metal used. The L-D converter utilizes a normal 25- to 30-percent 
scrap. If ore is used as a coolant, 1 ton of steel per ton of hot metal 
is produced. The life of refractories in this furnace was said to be 
less than in the basic oxygen converter.“ 

Another process which readily removes phosphorus is the Oxygen 
Lime Powder Process (OLP), which was developed in France. Steels 
with up to 0.5 percent carbon could be made from hot metal contain- 
ing 1.8 percent phosphorus. Two 140-ton converters utilizing this 
process were under construction at Dunkirk, France. 

The Rotor process, developed at one of the plants of the Klockner 
Werks, Inc., West Germany, is another rapid method for refining 
molten pig iron. The elliptical-shaped vessel, which rotates in a 
horizontal 5 reportedly refines heats in 10 to 15 minutes.“ 

The steel industry continued its program to reduce air pollution. 
Bethlehem Steel Corp. started three open hearths with dust pre- 
cipitators at its Lackawanna, N.Y., plant. Seven furnaces were 
included in the company’s total program. Republic Steel ordered a 
dust-cleaning system for its Chicago plant. Overall cost of the 
project was more than $3.5 million. This system was to handle 
300,000 cfm of gas at temperatures of 550° F., with an efficiency of 
98 percent. 

ones and Laughlin Steel Corp. started its new air-pollution reduc- 
tion system at Pittsburgh. The system was to service 11 furnaces 
and was designed to reduce dust admission almost 99 percent. Jones 
and Laughlin also put into operation, at Cleveland, gas-cleaning 
a for three 220-ton roof-lance oxygen open-hearth furnaces. 
The system also included equipment for cleaning gases from 200-ton 
basic oxygen converters. 

National Steel Corp., Weirton, W. Va., developed a new technique 
which appeared to be relatively inexpensive as compared with other 
processes. The company injected water into the oxygen lances in 
the furnaces, thus reducing the amount of smoke and fumes at the 
sie Weirton planned to extend this technique to all furnaces in 
the snop. 

At the Geneva, Utah, plant of U.S. Steel, reports indicated that 
the air-pollution reduction system installed several years before was 
working at high efficiency. 

At U.S. Steel’s Duquesne plant, air-pollution reduction equipment 
was being installed for five Geer furnaces; the gasses were to be 
filtered ugh glass-fiber bags.“ 

Kaiser, the first steel company to install electrostatic precipitators 
on large open-hearth furnaces, described its oxygen-converter, air- 
pollution reduction facilities at Fontana, Calif. ‘Each furnace was 
equipped with precipitators 53 feet, 3% inches long; 52 feet, 2% inches 
wide; and 56 feet, 2% inches high. Discharge electrodes were 25 


43 Steel and Coal, v. No. 4884, Feb. 23, 1962, pp. 359-300. 
4 Page 117 of work cited in footnot. 41 
Ren j . Formation and 58 Un of Emissions from Steelmaking Processes, Open 
Hesrth ings, AIME. V.44,1961, pp. 147. 
Pages 118-119 of work cited in footnote 41. 
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feet, 6 inches long; collecting plates were 6 feet long and 23 feet, 
6 inches high. Each precipitator was designed to handle 202,000 
standard cubic feet per minute. Gas analysis for maximum blow 
conditions was CO;, 5 percent; Os, 14 percent; N, 61 percent; and 
HO. 20 percent. About 6,000 gpm of cooling water was used in 
each hood, and the gases entered the precipitator inlet header from 
315° to 507° F. Average heat transfer to the hoods was 535,000 to 
1,029,000 Btu per minute. Dust samples obtained from other installa- 
tions showed that 5 to 15 percent of the particles were larger than 
1.0 micron, 45 to 65 percent between 0.5 and 1.0 micron, and 20 to 
50 percent less than 0.5 micron. Analysis of the dust samples showed 
that about 93 percent was ferric oxide and that the remainder was 
mainly manganese oxide; small quantities of calcium oxide and silica 
were present. About 4,400 pounds of dust were generated during a 
22-minute heat blow. Precipitator efficiency tests showed dust 
removal to be greater than 99.8 percent. 

About $7.5 billion was being spent annually in the United States 
on air pollution. Kaiser budgeted $10,500 per month for its oxygen- 
precipitator facilities and operating and maintenance labor.“ 

Inland Steel conducted experiments on the effects of columbium on 
steel properties and reported the following results. (1) Small additions 
of columbium to plain carbon steels increase the tensile and yield 
strengths, up to 25,000 psi, of the as-rolled finished products. (2) 
Steels containing up to 0.035 percent columbium can be produced 
satisfactorily by ladle additions. (3) As a deoxidizer, columbium 
behaves like manganese when added to molten steel. (4) Columbium 
segregates slightly to the outer-rim zone in rimming steels but evidences 
no segregation in the semikilled steels. However, in the fully killed 
grades, the columbium tends to segregate to the bottom portion of 
the ingot. (5) The mechanism by which columbium refines the 
grain is not known. (6) Columbium in semikilled steel tends to 
partition almost completely to the carbide phase, with only about 
10 percent tying up as a nitride. This carbide phase, which precipi- 
tates at the grain boundaries, contributes to the increased physical 
properties found in the hot-rolled products. (7) Columbium in the 
quantities studied evidences no apparent effect on quality or ingot 
structure. (8) Small additions of columbium, 0.5 to 2 pounds per 
ton to rimmed steel, weakens the rimming action. In semikilled 
grades, additions of 1 pound of columbium per ton of steel reduces 
the requirements of aluminum to ingot molds by 1 ounce per ton.“ 

Interest in continuous casting increased. A number of U.S. pro- 
ducers were taking a closer look at the process, and in Europe 34 
machines, with an estimated annual capacity of about 1 million tons, 
were operating. At least 20 more machines were being built (see 
table 27).% 


 Bmith. J. H, Air Pollution Control in Oxygen Steelmaking. Open Hearth Proceedings, AIME. V. 44, 
1961, pp. 351-357. 

u Mareta, J. T. and Joseph, R. W. Behavior of Columbium in Liquid Steel. Open Hearth Proceedings, 
AIME. V. 44, 1961, pp 421-430. 

* Iron Age, v. 189, No. 8, Jan. 18, 1062, pp. 75-78. 
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A brief description of the Rossi-Junghans type machine, which 
was operated in Canada by Atlas Steel Co., at Welland, Ontario, 
and Allegheny-Ludlum Steel Corp., follows: This process consists 
of teeming molten steel into a tundish which feeds the molten metal 
at a specified rate into a water-cooled oscillating copper-cooled mold. 
Four pinch or withdrawal rolls pull the partially solidified billet or 
slab downward. The oscillation and pinch roll speed is controlled 
by a variable speed regulator (P.I.V.). When the bar reaches a 
designated distance, movable twin oxy-acetylene powder torches cut 
the billets or slabs into the desired lengths. Mold sizes vary from 
4% inches square up to 65; inches by 24 inches. Casting speeds vary 
from 50 to 80 inches per minute, and when small sizes are cast, two- 
strand molds are used. Production rates vary from 8 to 60 tons per 
hour. According to Atlas, large savings can be realized if 1,500 to 
2,500 tons of steel are continuously cast each month. The reason 
for this saving is that ingot molds, stripping facilities, blooming-mill 
soaking pits, and the blooming mill or slabmill are not required. 
Also, yield can be increased up to 15 percent. 

Steel companies utilizing continuous casting equipment required 
considerably more purchased scrap because the production of home 
scrap by this process is less than half that made by all other processes. 
Atlas used a continuous casting machine for making all types of 
carbon, alloy, and stainless steels, but it reported some center shrink- 
age cavities and blowholes (pinholes) near the billet or slab surface; 
these holes were attributed to the high gas content of the steel. The 
extremely high humidity in Welland increases hydrogen in steel. 
Hydrogen in steel also increases on rainy days. To alleviate this 

roblem, a D-H (Dortmund Horder) vacuum degassing unit was to 

e installed. Other companies attributed the subcutaneous blow- 
holes and surface pinholes to overuse of mold lubricants and inadequate 
control of steelmaking, but they had virtually eliminated this problem 
through proper controls.” 

U.S. Steel’s South Works, Chicago, Ill, reported encouraging 
results on experimental work on control pressure pouring of molten 
steel. The process was used to make railroad car wheels, slabs, tube 
rounds, billets, and blooms. Equipment was designed to cast slabs 
about 25 feet long and up to 65 inches wide.“ 

In another experiment using high oxygen flow rates, Youngstown 
Sheet and Tube Company, Youngstown, Ohio, obtained production 
rates of up to 82 tons per hour in open-hearth furnaces. Fuel uses 
were reduced to 1.3 million Btu per ton, compared with 3 billion Btu 
with non-oxygen practices. 

Tests conducted at Granite City Steel Co., Granite City, Ill., in 
its recently enlarged 600-ton furnace in which oil and oxygen were 
introduced through roof lances, gave flame temperatures of 5,000° F. 
From 300 to 500 gallons per hour of oil and 90,000 to 150,000 cubic 
feet of oxygen per hour were used.” 

In all cold-metal-charged open-hearth and electric furnaces, oxygen 
fuel burners were used to increase productivity. At the Buckeye 
Steel Casting Company, Columbus, Ohio, which operated six 30-ton 


% Journal of the Iron and Steel Institute, v. 190 pt. 1, September 1958, pp. 40-50, 
H Page 120 of work cited in footnote 42. 
9 Pages 117-118 of work cited in footnote 42, 
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basic open-hearth furnaces, the use of oxy-fuel burners reduced the 
charge-to-tap interval from 6 hours to 3 hours and 40 minutes with 
a 100-percent steel-scrap-plus-coke ch and from 5 hours and 15 
minutes to 2 hours and 45 minutes with a charge consisting of 20- 
percent cold pig iron and 80-percent scrap. This company normally 
used producer as a fuel, but it used producer gas with natural 
gas when employing the oxygen fuel burner. The advantages of 
using oxy-fuel burners in the electric furnace were reported on page 
606 of the 1959 Iron and Steel Chapter.“ 

New steelmaking facilities continued to emphasize various basic 
oxygen converters. Oxygen steelmaking facilities were lower in 
installation and operating costs, and lower cost tonnage oxygen had 
become available in recent years. Some 25 countries were using or 
installing the oxygen steelmaking process. The basic oxygen con- 
verter process was the fastest-known method for making high-quality 
low-nitrogen steel. It was EE adaptable to the usual run 
of pig iron produced in the United States. It was not adaptable to 
hig ue te pig iron because of the large slag volume required to 
remove phosphorus. Table 28 gives estimated world oxygen steel- 
making capacities. 


TABLE 28.—Estimated world capacity of basic oxygen steel 


(Short tons per year) 
1960 1903 
Vertical -blown furnaces: 
United States. ³ðW0iꝛ.. ðↄi¹(́ꝛUns ³ v , 652, 630 
Other countries- is A a E bas cp iE eM dd: 11, 377, 000 33, 412, 000 
NC EPA ͥ A A ³⁰¹Ü A ee cee 16, 029, 680 43, 214. 630 
Kotor fü T- d e 2, 700, 000 3, 300, 000 
Rad ð m ð ð V ] ¾ ß a 1. 200, 000 1. 700, 000 
e ß ß ße 19, 929, 630 48, 214, 630 


Source: Steel Magazine. 


The United States led in oxygen steelmaking capacity (9.8 million 
tons). Japan had a capacity of 4 million tons, 3 million tons under 
construction. Austria had 2 million tons, and programs involving 
over 1 million-ton capacities were underway in Australia, Brazil, Great 
Britain, Italy, Netherlands, and West Germany. 

Colorado Fuel and Ironie new basic oxygen shop, at Pueblo, Colo., 
with a rated capacity of 50,000 short tons of steel per month and con- 
sisting of two 100-ton basic oxygen converters, was described. This 
plant poured its first steel on July 11, 1961. Other plants under 
construction included one of Jones and Laughlin Steel Corp. at Cleve- 
land, Ohio, with converters with a 200-ton capacity, and one of 
National Steel Corp. at Detroit, Mich., with a 300-ton basic converter 
plant. These two installations should make 200- and 300-ton heats 
in 1 hour.“ | 

New high-strength steels developed during 1961 offered cost savings, 
longer spans, and greater opportunities for imaginative combinations 
of materials. Among the new techniques were: Hybrid girders, with 


9 Work cited in footnote 40. 
Pages 336-339 of work cited in footnote 42, 
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Seet, Ee steels used in regions of high stress; carbon steel girders, 
prestressed with welded plates of high-strength steels; and composite 
construction, with new possibilities for economy. Bridge designers 
called for heat-treated alloy steel (100,000 psi yield strength), maxi- 
mum negative bending moment, hi eege steel (50,000 yield) for 
intermediate stress ranges, and carbon steel (32,000 yield) for regions 
of low bending stress. S Ecrane frames were constructed of columns 
with heat-treated alloy steel at the bottom, high-strength low-alloy 
steel for intermediate sections, and carbon steel in the upper stories. 

Automatic welding techniques made built-up sections up to 6 feet 
wide economical because of reduced cost. In composite construction, 
the added stiffness resulting from the use of sections made of concrete 
slabs and steel virtually eliminated the problem of excessive flexibility. 
Prestressing reduced steel requirements in structures by 25 percent.“ 

During 1961, Kaiser Steel Corp., Fontana, Calif., announced the 
manufacture of a wide variety of welded structural beam shapes from 
10 inches to nearly 6 feet deep. Some 6,000 tons of all-welded wide- 
flange bearing piles were used in the substructure of the San Pedro, 
Calif., Terminal Island bridge foundation. 

A market study by Kaiser had showed that the market in the West 
Coast area was not large enough to warrant the construction of a 
wide-flange beam structural mill which would cost up to $50 million. 
Therefore, the use of welded structures was one way of entering the 
West Coast market.* 

Virtually all major steel companies with research laboratories 
continued working on methods for increasing the strength of ultra- 
high-strength steel. Among the techniques being examined were: 
Ausforming (Bureau of Mines Minerals Yearbook, Iron and Steel 
Chapter, 1959, p. 605): increasing the quantity of such elements as 
chromium and molybdenum to increase hardenability; reducing the 
temper temperature from above 800° to as low as 400° (for example, 
the tensile strength of AISI 4340 can be increased from about 200,000 
psi to more than 275,000 psi by reducing the temper temperature 
while the toughness is almost unchanged); purification by vacuum 
melting, which would give maximum mechanical properties; and 
rolling steel before austenite can transform without recrystallizing 
the austenite. By the latter procedure, tensile strengths of 400,000 

i and a reduction area of 42 percent was obtained for a 4.5 percent 

i, 1.5 percent Cr, and 0.3 percent C." In a project financed by 
the U.S. Air Force, iron whiskers were grown in an argon atmosphere 
with tensile strengths up to 1.5 million psi.“ 

Also, in the Bassett process, exceptionally high strengths were 
reported (heat treatment in a magnetic field). 

he International Nickel Company of Canada, Ltd., announced a 
series of mar-aging alloys containing nickel, cobalt, and molybdenum 
in substantial quantities with additions of boron, zirconium, and 
calcium for conditioning and small amounts of titanium and silicon. 
Heat treatment consists of complete transformation of martensite 


55 Engineering News Record, Feb. 15, 1962, p. 42. 

2 Steel Magazine, v. 150, No. 14, April 1962, pp. 127-129. 

87 Metal Progress, v. 66, A E pl s 

NW Emrick,J. E. Studies on Iron Whiskers of High Average Strength Grown in a Hydrogen Contaminat- 
ed Argon Atmosphere. Wright Air Development Center Tech. Note 61-54, 1961, 16 pp. 
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and a precipitation hardening treatment to produce high strength. 
Tensile strengths of 400,000 psi are possible in mar-aged steels.” 

Several producers predicted that steels with useful tensile strengths 
up to 500,000 psi would be produced within 5 to 10 years. The 
Bureau of Mines initiated a program on the development of high- 
strength steel in July 1961. 

The British Iron and Steel Research Association (BISRA) made 
considerable progress in iron and steel research, and expenditures for 
the year were US$2.8 million, compared with US$2.5 million in 1960. 
Included in the expenditures was $285,000 for purchasing equipment 
and improving laboratory facilities. The major items of equipment 
delivered were an experimental rodmill and an electron microscope. 
In burden preparation, the laboratory work was extended to include 
a study of the production and blast-furnace test of higbly basic 
sinters with basicity ratios up to 5. In one experiment foreign ores 
were used with silica levels of 4% and 9 percent. In the first case, 
up to 28 percent limestone was added, giving a basicity of 5; and in 
the Second mix, 39 percent limestone was added, giving & basicity of 4. 
In both cases the coke rate had to be increased from 4 to 7 percent as 
basicity increased. It was also determined that siliceous sinters 
with a basicity of 1% percent were weaker than either the more or 
less basic ones. In anticipation of a possible shortage of coke breeze 
for sintering, a study was initiated to find a substitute; anthracite 
fines were found to be at least as satisfactory as coke breeze. 

In blast-furnace research tests conducted using Malmberget pellets, 
coke rates of about 1,200 pounds per ton were obtained. These 
pellets are ideal charge materials because they do not deteriorate 
during storage. A series of tests were made on fluxed sinter that had 
been stored in sealed drums, and the results were compared with 
results obtained with freshly made flux sinter. Further studies were 
conducted on the failure of certain blast-furnace slags, and investiga- 
tions suggested that failure may be due to the formation of calcium 
sulfate through the oxidation of the sulfide. To increase the bulk 
densities of slags, trials were carried out with the addition of various 
materials to the ladles, and it was found that small percentages of 
iron ore increased the bulk density. Other studies included the 
determination of coefficients at various temperatures and flow rates 
for variously shaped blast-furnace stove bricks. With the aid of an 
analog computer and field tests, tentative designs for a new type of 
checker brick were promulgated; these designs would increase stove 
effectiveness without an appreciable increase in pressure drop across 
the stove. With a steady increase in interest of injection of solid and 
gaseous materials into the blast-furnace hearth, computers were used 
for evaluating the benefits of various fuel injections. These calcula- 
tions were only possible if the course of the reduction reaction is known, 
that is, direct reduction (giving CO) and indirect reduction (giving 
CO”. As a result of these calculations, emperical relationships were 
derived, linking changes in blast temperature, humidity, and increased 
hydrogen input with changes in top-gas composition. The collation 
and tabulation of data for a 1961 survey of British blast-furnace 
practices was completed, and publication was expected early in 1962. 


8 Allegheny Ludlum Steel Corp. Technical Horizions. 1961, pp. 1-2. 
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In oxygen steelmaking, laboratory tests were conducted using the 
spray refining procedure, which involves atomizing a falling stream of 
molten pig iron with high velocity jets of oxygen. From this study 
it was apparent that rapid removal of silicon was possible with rela- 
tively little carbon removal and a high efficiency of oxygen usage. 
With the use of powdered lime, it was determined that phosphorus 
could be fane and that iron losses could be reduced. In pilot- 
plant tests using this method, it was found that an annular swirling 
stream produced by inserting a core in the tundish nozzle and intro- 
ducing & horizontal-velocity component into the stream resulted in 
improved efficiency of desiliconization. The basic objective of this 
method had been to devise a flexible pretreatment process for the 
removal of silicon, phosphorus, and carbon at a rate on the order of 5 
tons of metal per minute. On the use of oxygen in open hearths, 
research was centered on flame enrichment, fuel economy, refractory 
costs, jet penetration, splash caused by jet thrust, passage of gas 
through the furnace, and the use of oxygen fuel lances to accelerate the 
melting of scrap. 

Experimental slabs were continuously cast on the BISRA machine 
installed at the Abbey Works of the Steel Co. of Wales, Ltd. Investi- 
gations included control of the state of oxidation of low-carbon steels 
during casting, improved surface quality and shape, and assessment of 
various mold constructions. Studies on controlling the state of oxida- 
tion showed that with a thin-rimmed zone, blowholes would be exposed 
on reheating and rolling and would result in surface defects in the rolled 
product. Slabs were cast at speeds of 18 to 42 inches per minute, with 
aluminum additions varying from 0 to 14 ounces per ton in excess of 
that added to conventional ingots. Examinations of the cast sections 
showed that primary blowholes were not present within one-half inch 
of the surface until aluminum additions exceeded 8 ounces per ton. 
Optimum excess aluminum additions for controlling the boiling in the 
mold and blowhole depth appeared to be 4 to 6 ounces per ton. Sub- 
surface blowholes decreased as casting progressed, that is, the latter 
part of the heat had less blowholes than the first part, and it was ob- 
served that blowholes were less apparent at the center of the long 
face of the slab which corresponds to positions to the area of turbu- 
lence in the mold. It was surmised that hydrogen was a contributing 
factor to the presence of subsurface blowholes. 

At high casting speeds, the initial ingot shell was thinner, and bulg- 
ing occurred across the wide face of the slab. Previously bulging had 
been confined to mechanically capped slabs and was attributed to gas 
pressure. Bulging was decreased by increasing the secondary cooling, 
accelerating the rate of skin growth and lowering the skin temperature. 
The Weybridge multiple mold process was successfully used to cast 3- 
inch square sections simultaneously. Physical testing and metal- 
lurgical examination of the bars confirmed that the process yields 
sound and commercially acceptable steel. 'To prevent uncontrolled 
rupture of the steel-ingot surface in continuous casting, which is 
caused from a reciprocating mold, an oil hydraulic system was installed 
for smoothing out the up-and-down cyclic motion of the mold.“ 


€ The British Iron and Steel Research Association. Annual Report. 1900, pp. 13-55. 
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Research financed by the European Coal and Steel Community’s 
High Authority in 1961 included the following: Studies to increase 
production of minerals within the Community and exploration of 
several foreign deposits; utilization of liquid fuels and powdered coal 
in the blast furnace and oxygen enrichment of the blast; continuation 
of research on direct reduction and dedusting of reddish brown fumes 
from the Thomas converter; improvement of the thermal balance 
sheet; and continuation of the work on the preparation of a metal- 
lographic atlas. 

esearch on the introduction of liquid fuels in the low-shaft blast 
furnace at Liege was conducted to determine optimum conditions for 
liquid-fuel combustion with oxygen enrichment through the blast- 
furnace tuyeres. Oxygen enrichment was increased to 27 percent, as 
opposed to 24 percent during 1960. These experiments were designed to 
increase blast-furnace output and reduce coke consumption. Detailed 
results were not given. The High Authority allocated US$850,000 
for this work and US$2.100,000 for work on the injection of powdered 
coal. Tests on the use of liquid fuels were continued in a blast 
furnace of the Société Cockerill-Ougrée, which operated with a pre- 
pared burden containing from 40 to 90 percent agglomerates. Gut- 
standing productivity increases were realized. The financial aid for 
these tests was US8 180,000. Tests involving the use of injected 
gasified fuels caused many difficult technical problems, and the 
research was abandoned. Investigations in direct reduction included 
making low sulfur sponge iron for direct utilization in steelmaking 
furnaces. A provisional report covering this research was published. 

Other work included the treatment of magnetites with special 
reducers, such as semicoke, for the production of partially reduced 
sponge iron for use as a coolant in basic oxygen converters. A pilot 
Sun was under construction at the Finsider ee at Center, 
Genoa, Italy, for direct reduction in a shaft furnace. The objective 
of this work was to make fundamental studies of reactions occurring 
in the hearth of & blast furnace at temperatures lower than 1,000? to 
1,200? C. Research on the dedusting of reddish brown fumes from & 
Thomas converter blown with oxygen enriched air was continued. 
A report covering this work, which will contain details of how an 
economical and technical procedure can be applied for dedustin 
fumes, was to be published in 1962. Studies on the constitution an 
reactions of flames of different combustibles had been underway for 
5 years. Investigations included tests with high-pressure pulveriza- 
tion of coal, utilizing oxygen in open-hearth furnaces. 

Further studies involved the combustion of semiclean blast-furnace 
gas in & cyclone furnace for melting ash in blast-furnace gas with 
coke-oven gas or pulverized coal. In an effort to melt the ash with 
blast-furnace gas alone, a preheater was under construction to assure 
preheating to temperatures of 800? to 000? C. Work on the prepara- 
tion of a metallographic atlas was continued, and the first volume was 
scheduled for publication early in 1963.*! 


! Pages 34-42 of work cited in footnote 17. 
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ECORD exports, the higher scrap-to-pig-iron ratio during the 

R first 4 months of 1961, and the increased domestic demand during 

the third quarter served to offset the drop from 1960 in the use of 
iron and steel scrap. 

The decreased demand for domestic scrap that existed during the 
last 6 months of 1960 continued throughout the first 3 months of 1961, 
when steel mills operated at their lowest level for the year. Scrap 
Ad hee fluctuated each month for the remainder of the year 
and were &t their highest level during the last quarter, when increased 
demand resulted from steel mills operating at a higher rate. The 
peak month for consumption during the year was December when 
6.2 million short tons of scrap was consumed for all purposes. 

The combined use of scrap and pig iron in steelmaking furnaces 
was 2 percent lower than in 1960. Scrap used in these furnaces de- 
creased 3 percent, whereas the use of pig iron showed only a slight drop. 
The use of scrap in steelmaking furnaces comprised 45 percent of the 
combined total of scrap and pig iron used, 1 percen: lower than in 1960. 
In December, with steel production at its highest level, steelmaking 
furnaces consumed 78 percent of the scrap used for all purposes. 


TABLE 1.—Salient ferrous scrap and pig iron statistics in the United States 


(Short tons) 
1961 

r EEN 19, 287, 881 8, 741, 245 
8, 770, 431 8, 18, 115 
EE 113, 058, 312 11, 924, 360 
TË Geedëdëeeatgmeeeeeeeeegeeegeeeeeeeoggeeoeeeeeegme ee eme e 66, 4068, 708 64, 326, 698 
HHU ²˙⸗M˙ ] ff. A AA 66, 626, 336 65, 797, 298 
Imports for consumption, scrap, (including tinplate crap) 3 179, 401 268, 389 
Exports, iron and steel scrap—————̃ . : Lc c cec cc c ae e ce eee e c eese eee rece 1 8, 039, 668 9, 715, 755 
Price: Scrap, No. 1 heavy-melting, Pittsburgh, average.......... per long ton 12 £32. v7 $34. 83 
Value: Scrap, all grades, for export 2 1 $33. 65 $40. 82 

! Revised figure 

? Iron Age 


Commodity specialist, Division of Minerals. 
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LEGISLATION AND GOVERNMENT PROGRAMS 


Legislation continuing suspension of import duties on metal scrap 
to June 30, 1962, was enacted on July 26, 1961, and made retro- 
active to midnight June 30, 1961, the expiration date of the previous 


law. 
AVAILABLE SUPPLY 


During 1961, consumers of ferrous scrap had a net supply made 
available at their plants of 63.8 million short tons, a 3-percent decrease 
from the supply made available during the preceding year. Home 
scrap produced and scrap received from dealers and other sources 
were each 3 percent lower than in 1960. These data exclude scrap 
on hand at dealers’ yards. 


TABLE 2.—Ferrous scrap supply i available for consumption in 1961, by districts 


and States 
(Short tons) 
Receipts New 
Home from deal- | Total new supply 
District and State production | ers and supply |Shípments?| available 
all others for con- 
sumption 
New England: 
Ea AAA 72, 638 76, 917 149, 555 7,064 142, 491 
Maine and New IIampshire........... 7, 594 10, 513 18, 107 687 17, 420 
Massachusetts 106, 269 107, 035 213, 304 25, 269 188, 
Rhode Island 42, 485 40, 311 82, 796 1, 692 81, 104 
Weinen 10, 518 13, 135 23, 653 AA 23, 653 
Total: 
. 239, 504 247. 911 487. 415 84. 712 452, 703 
h; é 262, 479 282, 123 544, 602 34, 993 509, 609 
Middle Atlantic: 
New lers . 195, 057 459, 352 654, 409 19, 969 634, 440 
Now York EE 1, 649, 416 1, 155, 277 2, 804, F93 52, 168 2. 752, 525 
Fenn ð ⁵ ðò ß 8. 813. 510 | 4,414,739 13, 228, 249 782,260 | 12, 445, 059 
Total: 
e 10, 657, 983 6, 029, 368 | 16, €87, 351 854, 307 15, 832, 054 
% a ete 8 11, 137, 842 6, 593, 698 | 17,731, 540 738, 697 16, 992, 843 
East North Central: 

DIN A 8 3, 403,763 | 3,389,752 | 6,793,515 147, 081 6, 646, 434 
EN EE , 840, 021 2, 568, 199 7, 408, 220 169, 873 7, 238, 347 
Menn 3,083, 173 2, 366. 326 5, 449, 499 29, 5, 419, 654 
% EE 6, 746, 892 4, 031, 291 | 10, 778, 183 276, 703 10, 501, 480 
Wenn.... 447, 788 376, 362 , 190 105, 997 718, 153 

'Total: 
It WEE 18, 521, 637 | 12, 731, 930 | 31, 253, 567 729,499 | 30, 524,068 
19000 E P E 19, 294,738 | 13, 269, 268 


32, 564, 007 887,749 | 31,676, 258 


See footnotes at end of table. 
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TABLE 9.—PFerrous scrap supply ' available for consumption in 1961, by districts 


and States—C ontinued 
(Short tons) 
Receipts 
Home  |from deal- 
District and State production | ers and 
all others 
West North Central: 

e EE 159, 822 249, 205 
Kansas and Nebraska................. 47, 927 107, 308 
Minnesota J ͤ lis be 204, 328 238, 679 
Missouri..... A 187, 816 650, 859 

Total: 
Il! ³Ü» 8 599, 893 1. 246, 151 
ö» ́ꝶ n S 618,917 | 1, 168, 402 
South Atlantic: 
Delaware and Maryland.............- 2, 309, 538 765, 339 
Florida and Georgla................... 79, 061 232, 040 
North Carolina.........-.....--.---.-- 25, 324 42, 057 
South Carolina.......................- 15,381 17, 788 
Virginia and West Virginia............ 776, 088 979, 832 
Total: 
Fil. 88 3. 205, 392 2, 037, 056 
A A ess 3, 317, 301 1, 962, 542 
East South Central: 
¿E tee ere eek 1, 426, 263 1, 227, 769 
Kentucky, Mississippi, and Tennessee. 596, 717 | 1,032, 146 
Total: 
e ecd eL 2.022, 980 | 2,259,915 
Lt A A 1, 904, 414 | 2, 166, 273 
West South Central: 
Arkansas, Louisiana, and Oklahoma... 46, 370 127, 037 
%/%/§ͤ A 700, 971 964, 933 
Total: 
1111 ⁵ĩᷣ 8 747,341 | 1,091,970 
W060 A a 679, 619 1, 064, 938 
Rocky Mountain: 
Arizona and Nevada.................. 19, 983 57, 428 
Colorado, Idaho, Montana, and Utah..| 1,051, 998 426, 782 
Total: 
16144. EN 1, 071, 981 484, 210 
0 “q onde , 102, 363 556, 763 
Pacific Coast 
California. eise aere rc Serie 1, 305, 712 1, 093, 975 
Oregon and Washington 102, 639 330, 453 
'Total: 
I ee tet ete nee 1, 408, 351 1, 424, 428 
A Ami E er a Aan 1, 314, 426 1, 403, 118 
U.S. total 
1881. E 38, 475, 062 | 27, 552, 939 
0h r ³ A 8 39, 632, 100 | 28, 469, 125 


Total new 
supply 


173, 407 
1, 665, 904 


1, 839, 311 


1, 746, 557 


77, 411 
1, 478, 780 


1, 556, 191 


1, 659, 126 


2, 399, 687 
433, 092 


2, 832, 779 
2,717, 544 


66, 028, 001 
68, 101, 225 


230, 721 


259, 499 


2,356 
36, 506 


38, 862 
57. 911 


1,179 
3 4, 683 


33, 504 
11, 589 


213, 474 
9, 861 


2, 247, 939 
2. 374, 178 


New 
E 
Shipments?| available 
for con- 
sumption 


d 


407, 214 
149, 738 
434, 753 
823, 787 


1, 815, 492 
1, 770, 136 


— — o | seen | eee ——— 
— —— á— —— —— —— —ÀÓÁ——— Te) 


2, 996, 892 
309, 944 
61, 853 
33, 111 

1, 731, 283 


— . —üAäæäiôͤ —— | nS | eee || ee SD 


5, 133, 083 
5, 150, 121 


El 


2, 501, 578 
1, 550, 


EEN EE 


4, 052, 174 
3, 811, 188 


Ess, 


171, 051 
1, 629, 398 


— ———³—ͤ6 ——— | veces — ED 


1. 800. 449 
1. 688. 646 


— — ] 


76, 232 
1, 483, 463 


— ——— EE 


1. 559. 695 
1, 617, 537 


o e 


2, 186, 213 
423, 231 


ee | ees q [q í a —— 


2, 609, 444 
2, 480, 709 


i ⏑◻f ü UN E ff lI——————————— 
— . EE PP Po —u—-—:¼ð— 


63, 780, 062 
65, 727, 047 


1 New supply available for consumption is a net figure computed by adding home production to receipts 
from dealers and all others and deducting consumers scrap shipped, transferred, or otherwise disposed of 
during the year. Plus or minus ditference in stock levels at the beginning and end of the year are not taken 


Into consideration. 
3 [ncludes scra 
3 Data shown 


959873—92—— —41 


shipped. transferred, or otherwise disposed of during the yenr. 
shipments column are plus figures owing to adjustments in accounting procedures. 
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TABLE 3.—Consumption of ferrous scrap and pig iron in the United States in 
1961, by type of consumer and type of furnace or equipment 


(Short tons) 
Type of consumer 
Type of furnace or equipment Manufacturers of steel ingots and castings ' 
o ono eo eegene eege 37, 414, 064 91, 946, 858 
Basic oxygen converter..............- 2 cl cll lll ere e. 1, 370, 998 4, 922, 919 
Birr 97,4 1, 072, 592 
Elèctric A ĩ A 8 8, 891, 600 8. 617, 991 
Total steelmaking furnaces. ...................... 47,274, 139 106, 560, 360 
UDO A (v 8 748, 437 1, 069, 825 
EE EE 32, 539 43, 810 
ASG EE ³ AA 3,550, 901 |................ 3, ^50, 901 
Direct Castin gS- EE snow eoe ee 1, 772, 696 
Haneous. AAN 180, % EEN 166, 230 
Total: 
||) PSP H. 772, 246 113, 164. 822 
(DU. BEE EE 114, 990, 215 
Manufacturers of steel castings $ 
Open-hearth.... 2.22222 eee eee 458, 225 78, 400 536, 681 
ee ß . 9, 855 388 10, 412 
A A A ĩ e E E 1, 531, 178 28, 739 1, 559, 917 
Total steelmaking furnaces........................ 1, 999, 258 107, 753 2, 107, 010 
COU DOS WEE $37, 149 19, 193 356, 343 
//! ͥ e ⁰˙ AAA. 205, 203 39, 313 244, 516 
Miscellaneous I k—wꝛ ee ee rare re A ͤ mE 41 
Total: 
A ⁵ 2, 541, 651 166, 259 2, 707, 910 
Ar JF 2, 725, 700 223, 130 2, 948, 830 
Tron foundries and miscellaneous users 
e TEE EE 1, 325 405 1, 820 
ei.... ⁵ĩð 8 180, 152 23, 586 203, 738 
Total steelmaking furnaces. ...................... 181, 477 24, 081 205, 558 
/ ĩ˙ AA cect ct eu wakes 8, 424, 932 3, 098, 057 11, 322, 939 
KENE EES 747, 397 127, 130 874, 527 
Pet ⁵ ⁵ð«̊iFvk1ͤãZ ] .... 8 989, 195 989, 195 
Feen; di oa 245, 118 |...............- 245, 118 
Miscellaneous I Pn... 413,877 |................ 413. 877 
Total: 
iii 10, 012, 801 204 
)!; ewe ĩͤ 10, 533, 551 999 
o A EE Eege 37,872, 289 539 
Basic oxygen converter................-...-------.------ 1, 370, 998 919 
UU h‚GWꝗO ³˙¹»A⁊ĩͤĩrw;ĩ?»-. ͤ é !n .. ⁊ ᷣ ᷣ . 8 108. 657 824 
Ee 8 10. 102. 930 646 
Total steelmaking furnaces. ...................... 49, 454, 874 92$ 
hh ³ ³ K 9, 510, 518 157 
!! NA ⁰¶⁰ydͥ m-- ĩðz 985, 139 853 
PCV EE 3, 550, 901 901 
e , e , 891 
FOTOS EEN 245, 118 118 
Miscellaneous 580, 148 148 
Total 
1961...... 32337 ü 64, 326, 698 996 
1960 A A i po dme EE 66, 468, 708 044 


! Includes only those castings made by com es producing steel ingots. 

? Includes small quantities of scrap and pig iron consumed in crucible furnaces. 
2 Includes consumption in all blast furnaces producing pig iron. 

t Excludes companies that produce both steel ingots and steel castings. 
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MILLION SHORT TONS 
120 
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Steel production 


60 


Y Pig-iron production 
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scrap 


Purchased scrap consumed 


O 
1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 


Ficure 1.—Consumption of purchased scrap in the United States, 1915-52 
and output of pig iron and steel, 1915-61. Figures on consumption of purchased 
scrap from 1915-32 are from State of Minnesota v. Oliver Iron Mining Co., 
et al., Exhibits, vol. 5, 1935, p. 328; those for 1933-34 are estimated by authors; 
and those for 1935-52 are based on Bureau of Mines records. Data for 1953-61 
represer t receipts of purchased scrap by consumers, based on Bureau of Mines 
Chen Data on steel output were supplied by the American Iron & Steel 

nst. 


TABLE 4.—Proportion of ferrous scrap and pig iron used in furnaces in the 
United States 


(Percent) 
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CONSUMPTION BY DISTRICTS AND STATES 


Use of domestic scrap for all purposes decreased in six of the nine 
geographical areas. The largest tonnage decrease was in the Middle 
Atlantic district, whereas the greatest percentage decrease occurred 
in the New England district. Of the three districts reporting an 
increase in the use of scrap, the Pacific Coast district was the greatest 
in both tonnage and percent. As in previous years the largest con- 
suming districts for scrap were East North Central, Middle Atlantic, 
and South Atlantic. The States using the largest quantities of scrap, 
and the percentages consumed, were: Pennsylvania 19 (20 in 1960); 
Ohio, 17 (17 in 1960); Indiana, 11 (11 in 1960); and Illinois, 11 (10 
in 1960). 


TABLE 5.—Consumption of ferrous scrap and pig iron in the United States in 1961, 
by districts and States 


(Short tons) 
District and State Scrap Pig iron Total 
New England: 
Connecticut. EE 139, 013 29, 410 168, 423 
Maine and New Hampshire. ......................- 17, 016 4, 136 21,152 
rr ³ð 201, 008 63, 281 289 
Rhode nh... as 84, 451 36, 958 121, 409 
Pinien 23, 678 8, 038 31, 716 
Total: 
WG NEEN 465, 166 141, 823 606, 089 
17/öõöÜö% tee ese NA §14, 718 167, 723 682, 441 
Middle Atlantic: 
New A aus 8 631, 031 144, 530 775, 561 
NoW^YORE. d esie 2, 689, 970 3, 219, 625 5, 909, 595 
Pennsylvania- e ee 12, 18, 315, 543 27, 798, 270 
Total: 
11k A 15, 803, 728 18, 679, 698 34, 483, 426 
000 -W A 17, 245, 874 19, 825, 058 37, 070, 932 
East North Central: 
II; ³ĩV¹0A. ĩͤ Ee 6. 792, 843 4. 975, 379 11, 768, 222 
IM EEN 7,355, 776 9, 075, 150 16, 430, 926 
NICHIPUD EE 5, 479, 315 5, 159, 290 10, 638, 605 
O Eege 10, 664, 979 10, 937, 800 21, 602, 779 
WISCONSIN EA A 725, 924 175, 747 901, 671 
Total: 
!!! K ⁵³ E E 31, 018, 837 30, 323, 366 61, 342, 203 
Ee Ee 31, 718, 342 30, 862, 709 62, 581, 051 
West North Central: 

OWS EE 407, 179 09, 451 476, 630 
Kansas and Nebraska 150, 883 5, 706 158, 589 
II. A 415, 674 393, 744 809, 418 
MissOUfl. erica 8 , 002 24, 246 893, 248 

Total: 
l!!! ³ð 8 1, 842, 738 493, 147 2, 335, 885 
A ede eer Ee 1, 836, 448 550, 419 2, 386, 867 
South Atlantic: 
Delaware and Maryland...........................- 3, 037, 345 4, 418, 830 7, 456, 175 
Florida and Georgia. un 324, 507 11, 521 336, 028 
Nhe ⁰ 64, 149 27, 971 92, 120 
South Carolina 55 41,713 15, 882 87,595 
Virginia and West Virginia 1, 733, 381 2, 143, 204 3, 876, 585 
Total: 
r ³ĩ2—A. 8, 201, 005 6, 617, 408 11, 818, 503 
BOG EE PIRATAS b, 299, 530 6, 578, 984 11, 878, 514 
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TABLE 5.—Consumption of ferrous scrap and pig iron in the United States in 1961, 
by districts and States—Continued 


(Short tons) 
District and State Scrap Pig iron Total 
East South Central: 
WT TEE 2, 440, 348 3, 222, 653 5, 683, 001 
Kentucky, Mississippi, and Tennessee.............. 1, 516, 213, 907, 614 2, 423, 827 
Total: 
A TES 3, 956, 561 4, 130, 267 8, 086, 828 
h E 3, 862, 350 4, 049, 922 7, 912, 272 
West South Central: Ke 
Arkansas, Louisiana, and Oklahoma. 172, 722 7, 749 180, 471 
duc. EE oe TRETEN 1, 558, 249 856, 118 2, 414, 367 
Total 
A 8 1, 730, 971 863, 867 2, 594, 838 
Eeer 1, 742, 059 732, 077 2, 474, 136 
Rocky Mountain: 
Arizona and Nevada.....-.-0- -2-2-0222 -MMMM 77,015 88 77, 103 
Colorado, Idaho, Montana, and Utah.............- 1, 510, 222 2, 351, 978 3, 862, 200 
Total: 
Il! 86 1, 587, 237 2, 352, 066 3, 939, 303 
e E EE E E E 1, 669, 376 2, 202, 817 3, 872, 223 
Pacific Coast: 
California... ß euam aii 2, 249, 944 2, 191, 936 4, 441, R80 
Oregon and Washington 470, 421 3, 720 471, 141 
Total: 
J;ö ts Ei ͤ oo ek 2, 720, 365 2, 195, 656 4,916, 021 
1960 eee eee EE 2, 580, 011 1, 656, 597 4, 236, 608 
U.8. total 8 
A - - -,-- m A 64, 326, 698 65. 797, 298 130, 123, 996 
J); ³ y 66, 468, 708 66, 626, 336 133, 095, 044 


TABLE 6.— Consumption of ferrous scrap and pig iron by districts and States, by 
type of manufacturers in 1961 


(Short tons) 


Steel ingots and Steel castings 3 Iron foundries and 
castings ! miscellaneous users 
District and State 


Scrap Pig iron Scrap Pig iron 


New England: 


Connecticut........--....-... 5,170 217 87, 990 29, 193 
Maine and New Hampshire 2,679 86 14, 337 4, 050 
Massachusetts 12, 490 326 188, 518 62, 055 
Rhode Island 48,965 | 20, 6255 40, 186 16, 3:33 
Vermont nnn ⁰—w⁸o y; 8 23, 678 8, 038 
Total: 
II! 20, 339 62 355, 009 120, 569 
1900] —-V0! , 9. 25, 870 1,7 393, 328 140, 138 
Middle Atlantic: 
New lersax. e 177, 267 23,751 55, 324 2, 402 398, 440 118,377 
New York..............-...-- 2, 064, 470 3, 076, 363 103, 112 7, 390 522, 388 135,872 
Pennsylvania................. 11, 507, 445 | 14,625,012 344, 304 57,005 630, 978 633, 520 
Total: 
!!! 13, 749, 182 | 17, 725, 126 502, 740 66,797 | 1,551, 806 887, 775 
Ten cece cus ed 15, 045, 534 | 18, 783, 978 §93, 010 92, 965 1, 607, 330 O48, 115 


See footnotes at end of table. 
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TABLE 6.—Consumption of ferrous sorap and pig iron by districts and States, by 
type of manufacturers in 1961—Continued 


District and State 


past North Central: 


South Atlantic: 


Delaware and Maryland 
Florida and Georgia 


Virginia and West Virginia... 


Kentucky, Mississippi, and 
Tennessee 


Rocky Mountain: 


Louisiana, and 


Arizona and Nevada..........].-..........|...-.--..-.- 


and Utabh 


Pacific Coast: 


e sk 


(Short tons) 
Steel ingots and Steel castings : 
castings ! 
Scrap Pig iron Scrap Pig iron 
5,651,908 | 4,529,815 264, 034 13, 914 650 
6, 685, 891 | 8, 863, 353 130, 385 12, 788 009 
3, 436,998 | 4, 585, 997 150, 909 1, 902 391 
9, 162,179 | 10, 362, 457 366, 946 38, 781 562 
220, 051 7. 813 167, 934 
936, 976 | 28,341,622 | 1,132,325 75,198 | 4,949, 536 | 1,906, 546 
25, 075, 116 | 28, 587,692 | 1,238,366 | 101,957 | 5, 404, 860 | 2, 173, 060 
35, 629 513 3871, 550 68, 938 
105, 916 386 44, 967 5, 320 
268, 707 350, 148 28, 566 83 118, 401 43, 513 
689, 703 1, 008 60, 012 3,725 119, 287 19, 513 
958, 410 351, 156 230, 123 4, 707 654, 205 137, 284 
961. 816 390, 822 241, 232 8, 705 633, 400 150, 802 
— ——ͤ——  _ ESE 
2, 931,886 | 4,407,211 25, 683 368 11, 251 
276,788 lá cicsamess 10, 239 85 11, 436 
North Carolina: eos ðxß(½ ee ee Aloe cs 27, 971 
South reis AE GE AA 15, 882 
1, 421,092 | 2,033, 802 75, 445 8, 201 101. 201 
4,629,766 | 6, 441,013 111,367 8, 654 167, 741 
4, 709, 457 6, 391, 249 110, 262 8, 805 178, 930 
1, 652, 849 | 2, 509, 021 67, 860 201 
1, 057, 254 756, 118 25, 942 1, 306 
2, 710, 103 3, 265, 139 93, 8M2 1, 507 
2, 629, 053 3,199, 593 105, 793 2, 097 
78,715 413 48, 554 1, 099 
1,187, 479 804, 618 85, 259 545 
1, 266, 194 805, 031 133, 813 1, 644 
1, 292, 687, 931 131, 059 1,313 
57,316 88 | 19,699 |......... 
1, 300, 536 | 2,340, 954 29, 232 807 
1, 300, 536 | 2,340, 954 86, 548 895 
1. 404. 313 | 2,173, 410 77, 089 825 
1, 768, 495 2, 101, 409 161, 834 4, 922 
362, 766 501 . 760 1, 306 
2,131,261 | 2,101,910 230, 594 6, 228 
1, 996, 045 1, 540, 234 203, 019 4, 727 
51,772,246 | 61, 392. 576 2, 541, 651 
53, 209, 457 | 61,780, 758 2, 725, 700 223, 130 


Includes only those castings made by companies producing steel ingots, 
? + :cludes companies that produce both steel ingots and steel castings, 
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TABLE 7.—Consumption of ferrous scrap and pig iron in open-hearth furnaces 
in the United States in 1961, by districts and States 


(Short tons) 


District and State 


New England and Middle Atlantic: 


New Jersey and Rhode Island. ................... ES 264, 258 
NOW DA AAA 4, 821, 684 
Pennsylvania. 21, 288, 844 
Total: 
ö. ¹ö EE 26, 354, 786 
JE | A K K EE 29, 066, 244 
East North Central 
ieee v ee 7, 292, 948 
E A .... d 8 15, 396, 203 
Michigan and Wisconsin 5, 530, 035 
E EE 15, 536, 201 
Total: 
kW 43, 755, 387 
LEE ER 48, 630, 886 
West North Central: 
ta and Missouri 025 875, 801 
Total: 
LEE EEN 025 875, 801 
A A a 608 d 
South Atlantic: 
Delaware, Maryland, and West Virginia.......... 592 10, 412, 373 
Total: 
AN A E A 592 10, 412, 373 
17 q E AN 567 10, 381, 718 
East and West South Central: 
Alabama, Kentucky, Tennessee, and Texas......... b, 791, 452 
Total: 
DOO EE 5, 791, 452 
LE 5, 780, 196 


Rocky Mountain and Pacific Coast: 
California, Colorado, and Utah..................... 
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TABLE 8.—Consumption of ferrous scrap and pig iron in Bessemer converters 
in the United States in 1961, by districts and States 


(Short tons) 
District and State Pig iron Total 
New England and Middle Atlantic: 
Connecticut and Pennsylvania. 318, 562 370, 756 
Total: 
rr! eee se ies 318, 562 370, 756 
) y 330, 836 390, 420 
East North Central: 
Hines and Ohio.. e geesde e ge rar RR 657, 538 709, 596 
Total: 
IT DEE 657, 538 709, 596 
ü EE 971, 580 1, 053, 0&9 
South Atlantic and West South Central: 
Delaware and Louisiana 27 4, 08^ 
Total: 
. A Ä 27 4. 086 
h ðVWA.. ³ĩðVWAA K 8 86 5, 607 
Rocky Mountain and Pacific Coast: 
Colorado and Washington 40 386 
Total: 
9. 40 386 
e ste octet A 8 29 308 
U.S. total 
TOG 88 976, 167 1, 084, 824 
, eee ee eee nU ee ee era 1, 302, 531 1, 449, 514 
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TABLE 9.—Consumption of ferrous scrap and pig iron in electric! steel furnaces 
in the United States in 1961, by districts and States 


(Short tons) 
District and State Scrap Total 
New England: 
Connecticut and New Hampshire 57, 958 58, 912 
Massachusetts 18, 773 19, 583 

Total: 

NOG! A ³ AAA IE EUNTES 76, 731 78, 495 
e E ne ed uen A WEadSEe 74, 677 76, 639 

Middle Atlantic: 
NOW Ieper e ee 29, 137 31, 202 
N PUReHRAS aM RAS 174, 178 177, 617 
Pennsylvania „4 1. 933, 812 1, 965, 757 

Total: 

J ³ð¹ A ERUEE QoS ERR 2, 137, 127 2, 174. 576 
1000 A ⁵ ...... EE 1, 909, 143 1, 939, 608 
East North Central: 

(ee TEE 1, 604, 289 
TaN AA Sot ß AA 99, 111 
Mein E 477, 954 
AAA AA ‘ 1, 769, 414 
Wien 152, 035 

Total: 

ROO) isu cus el O O A m CE 4, 102, 803 
GO PE esos oo O A 212, 226 4, 551, 241 

West North Central: 
Iowa, Kansas, and Nebraska 1,013 144, 828 
AR E A EEN 83 16, 443 
AE EE 494, 022 404, 468 

Total: 

BOG RE 654, 197 655, 739 
A eR EAR A DG Re RE EE 579,087 580, 848 

South Atlantic: 
Delaware and Maryland...........................- 104, 419 105, 943 
Florida, Georgia, and North Carolina............... 287, 188 263 287, 451 
Virginia and West Virginia 155, 743 155, 892 

Total: 

I00 DEE 547, 350 549, 286 
10000 A EA 531,016 532, 470 

East South Central: 
Abl.... sd 552, 200 621, 121 
Kentucky, Mississippi, and Tennessce 476, 281 484, 094 

Total: 

191.0 EE eh eee ee ae te eee aa 1, 028, 571 1, 105, 205 
WOO EE 921. 113 1, 037, 661 
West South Central: 
Arkansas, Louisiana, and Oklahoma................ 122, 978 124, 719 
he o. oowesuasdqd numus qas uc cei A Le E 499, 941 523, 689 
Total: 
rr ͤ TTT 8 622, 919 648. 408 
)) ͥ ³⅛VW A8 559, 158 ‘ 563, 085 
Rocky Mountain: 
Arizona, Colorado, Nevada, and Utah 76, 340 76.768 

Total: 

...... aea ie 76, 340 76, 768 
A s 8 66, 691 67, 090 

Pacific Coast: 
Gllen. e cd ia ias a E 552, 270 , 550, 453 
Oregon and Washington 428, 491 2: 420, 913 

Total: 

LOG! EE 980, 761 990, 366 

TI ß 940, 464 043, 795 
U.S. total: 

kr RE 10, 102, 930 278, 716 10, 381, 646 

„ E 9, 920, 364 372,073 10, 292, 437 


! Includes small quantities of scrap and pig iron consumed in crucible furnaces. 
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TABLE 10.—Consumption of ferrous scrap and pig iron in cupola. furnaces 
in the United States in 1961, by districts and States 


(Short tons) 
District and State Pig tron Total 
New England: 
Gonneten nm wes euceseesescues 21, 513 72, 352 
Maine and New Hampshire ], 967 12, 675 
Massachusetts................- 2 2l 2l lll eee ee ee 60, 002 225, 504 
B/ ð˙ i Eed 15. 222 47. 749 
Verden.... dñ; 8. 038 31. 716 
Total: 
JA ³⅛·¹.¹ m A A WS SIS de 106. 742 389, 996 
J))! eege 127. 642 442. 447 
Middle Atlantic: 
Nes. ³ð˙ %ðâ 118, 058 476, 095 
New del EE 128, 136 539, 784 
Fünen y rá 485, 471 183, 767 669, 238 
Total: 
lt, A duces qssa emu estas 1, 255, 156 429, 961 1, 685, 117 
A EE EE 1, 312, 762 475, 235 1, 787, 997 
East North Central: 
MINOS ⁵⅛ð AAA 743. 382 165, 300 908, 682 
il; IA iss twee 478, 826 194, 186 673.012 
, IA prede Rcs 2, 205. 891 658. 480 2, 864, 371 
A A AS E 1, 163, 079 336, 688 1, 499, 767 
WISCONSIN ER 444, 995 144, 123 589, 118 
Total: 
111 ³˙ A 5. 036, 173 1, 498, 777 6, 534. 050 
1900)))))))0))0)hh -ↄ 5. 505, 137 1, 789, 702 7. 204, 839 
West North Central: 
E WEE 262. 508 65, 680 328, 188 
Kansas and Nebrasxx lll cll. ll. 44, 967 5. 320 50, 287 
Mino coc uu EU 125, 5 41. 011 166, 600 
GA A . ß aeneus 73, 303 17,780 91, 143 
Total: 
LO E 506, 427 129, 791 636. 218 
Kr O pU UNSER 507, 031 143, 186_ 650, 217 
South Atlantic: 
Marvlitüd MM ³ð³WA AA MEE AES 93, 826 10, 800 104. 716 
Flonda ee Ee A 7.076 2, 284 9, 360 
Georg.... f S WE FS pu ae 29, 291 Q, 153 . 444 
North Carolini- ß A eege 63, 934 27,792 91, 726 
South: Carolins asoson as Sege 33, 902 15, 881 49, R43 
Wifi sscmibeu dau exe EE ERES Se EE 233, 246 42. 58S 75, R34 
West mhle... tei m i imma ad 11, 284, 57,052 68, 336 
Total: 
1 AA A 472, 619 165, 640 638, 259 
1960. 491. 907 190. 584 6X2, 491 
East South Central: 
REN et EE 667, 508 716, 627 1, 384. 135 
GERT eet ed dE ere eege 153, 238 31, 57. 154. 811 
Tl EEN 255, 814 119, 388 375, 202 
Total: 
II 1,076, 560 867, 588 1, 944, 148 
186000 A am ccce n 1, 040, 587 851, 529 1, 892. 126 
West &outh Central: 
Arkansas, Louisiana, and Oklahoma................ 45.980 6, 009 51, 989 
KEE 291,5 100, 791 392, 300 
Total: 
AA y EE RNC ER 337, 489 106. 800 444. 289 
EA ͤ (vw 330, 233 78. 123 417. 356 
Rocky Mountian: 
Colorado, Idaho, Montana, and Utah............... 186. 683 44. 616 231. 299 
Total: 
POG ME 186. 683 44,616 231, 299 
Lt. A coe EE 162. 5 53, 67 216, 255 
Pacific Coast: 
California AMA A Ee 322, 748 86, 441 409, 189 
Oregon and Washington... 33, 409 2, 283 35, 692 
Total: 
Jö 8 356. 157 88, 724 444. 881 
Lt EE EE 370. 984 . 112,345 483, 329 
U.R. total 


A E ᷑ſ K 9, 510, 518 3. 438, 639 12, 949, 157 
LE 10, 045, 030 3, 822. 027 | 13. 507, 057 


IRON AND STEEL SCRAP 


739 


TABLE 11.—Consumption of ferrous scrap and pig iron in air furnaces in the 
United States in 1961, by districts and States 


(Short tons) 


District and State Scrap Pig iron Total 
New England: 
Connecticut. EE 32, 067 6, 936 39, 003 
Massachusetts, New Hampshire, and Rhode Island. 17, 995 5, 664 23, 659 
Total: 
II/. EE 50, 062 12, 600 62, 662 
lr GE 55, 468 12, 174 67, 642 
-a 
Middle Atlantic: 
New Jersey and New York...._...-....-.---.--..-- 24, 677 9, 755 34, 432 
FFF... 122. 181 42, 364 164, 545 
Total: 
A ³⅛ ĩð lv E LL eel 146, 858 52, 119 198, 977 
00 bee k Ee 179, 705 57, 351 237, 056 
(ed 
East North Central: 
TiN A IA 145, 028 11, 309 156, 337 
hh ʒ ⁵³ ct mcus 69, 7 13, 938 83, 674 
Michigan EE 107, 048 2, 265 109, 313 
ORIG GE 308, 853 47, 657 356, 510 
BS EE 83, 212 21, 580 104, 792 
Total 
I/ ³·5Ü¹1ämꝛ⁵ K POE IEE 713. 877 06, 749 810, 626 
Li AA A ³ðĩ 88 775, 931 122, 017 897, 948 
———— — 
West North Central: 
Iowa, Minnesota, and Missouri 11. 290 7. 533 18, 823 
Total: 
II ³ ³³Aſ ĩͤ sees e 11, 290 7, 533 18, 823 
OOO ida 10, 810 7, 666 18, 476 
South Atlantic: 
Delaware, North Carolina, and West Virginia 9, 991 6, 213 16, 204 
Total: 
A a 8 9, 991 6, 213 18, 24 
%;öÜÜÜ EE 14, 356 8, 294 22, 650 
— o A a, 
East and West South Central: 
Alabama and Texas e ll ee eee 43, 447 1, 576 45, 023 
Total 
NOG veers ae da 43, 447 1, 576 45. 023 
LD EE 40, 638 1, 905 42, 543 
PP E — M—MÀ 1 
Pacific Coast: 
Galeere A 9, 614 924 10, 538 
Total: 
NOG DEE ³ð Ä ³ð—L 8 9. 614 924 10, 538 
I — Ee 9, 026 754 9, 780 
U.S. total 
lll! C 985, 139 177. 714 1. 162. 853 
ü ⁰⁰yͥ E AME 1. 085, 934 210, 161 1, 296, 095 
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TABLE 12.—Consumption of ferrous scrap in blast furnaces in the United States 
in 1961, by districts and States 


(Short tons) 
District and State Scrap District and State Scrap 
Middle Atlantic: South Atlantic, East and West South 
New York........-....... lel cer sl. ,087 Central: 
Pennsylvania 1. 121. 991 Alabama 213, 528 
Kentucky, Maryland, Tennessee, 

Total: Texas and West Virginia. MUN 336, 728 
A EN E 1, 357, 578 — — 
BEE 1, 317, 240 Total: 

LEE 550, 256 
East and West North Central 19); 8 536, 441 
ee A E. eat UE 384, 21 
Iss 8 153, 144 || Rocky Mountain: 
Michigan and Minnesota 875 12 Colorado and Utah................. 81, 845 
EE 9, — 
Total: 

Total: 1901. ae ͤ —T— 81, 845 
JJ! 1, 561, 222 EE 88, 743 
Ee At 1, 651, 403 

UR total: 
1901. cierro 3, 550, 901 
E EE 3, 593, 827 


TABLE 13.—Consumption of ferrous scrap by ferroalloy producers in the United 
States in 1961, by districts 


(Short tons) 
Districts Scrap District Scrap 
Midole Atlantic: Past Soum Central: 
EE EEN 20, 751 ¡AAA A qeu qc EE 52, 407 
EE 35, 348 du ee 65, 922 
East North Central Pacific Coast: 
EE eee = ce 41, 627 ONE 8, 023 
J ĩðͤ vb se Se Oa EC 52, 464 att 7, 408 
West NOR Central: U.S. total 
%,) ERIT 103, 596 Ir A 245. 118 
7)! 8 107, 287 / 8 283, 777 
South o Suut 
r! 18, 714 
1960 SE 15, 348 
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TABLE 14.—Consumption of ferrous scrap in miscellaneous uses in the United 
States in 1961, by districts and States 


(Short tons) 
District and State Scrap District and State Scrap 
AA A A AA eee 
New England and Middle Atlantic: East South Central and West South 
Massachusetts and New York...... 91, 698 Central: 
TL a a 66, 826 Alabama and Texas 39, 197 
(ui A 83, 206 —  — 
— — Total: 
Total ) ²˙¹i¹wd ͤʒxv! ee ee, 39, 197 
D 241. 730 PPP 61, 751 
A A A AE 235, 585 —— ͤ———Ä— 
— || Rocky Mountain: 
East North Central: Arizona, Colorado, Montana, and 
Illinois and Indiana 97, 667 DUM ER PAE E SE LOPE 30, 131 
Michigan aud Wisconsin............ 3, 302 
„ | 82,197 Total: 
— BO banat ban IA ES? 30, 131 
Total: . eke haces EECH 42, 571 
2 EECHER 183, 166 
REL ARI A AA 192,871 || Pacific Coast: 
— Calirornia and Washington 42, 030 
West North Central: — 
Minnesota and Missouri. 41, 362 Total: 
— — P AA E PS D 42, 030 
Total: goo CEA ͤ ees 48, 500 
„HH.. 41, 362 — 
a E AE: 39, 946 U.S. total 
— S e o Ee 580, 148 
South Atlantic: CT e Liege Deg 629, 713 
— Virginia, and West Vir- 
11 2, 532 
Total: 
C i de Rad 2, 532 
PPP. | 8, 489 


TABLE 15.—Consumption of ferrous tgo Dy type of manufacturers, by grades, 
in 


(Short tons) 
Bteel ingots Iron foundries 
Grades and castes Steel castings | and miscella- 
neous users 
No, 1 heavy-melting steel 19, 944, 235 258, 048 314, 774 
No, 2 heavy-melting steel 4, 318, 201 18, 282 174, 316 
No. 1 and electric furnace bundles 5, 463, 626 46, 629 140, 982 
ros 2 and all other bundles............................- 3, 455, 269 , 641 , 963 
hosphorus scrap-—— 1, 859, 679 1, 136, 956 453 
Cost ron scrap, other than borings.....................- 3, 394, 173 211, 516 5, 814, 847 
Turnings an or OUR alloy free.....................- 1, 973, 353 D 641, 
Rerolling rails 109, 584 262, 045 
SCAN TAIN EE E 20, 296 15, 900 245, 562 
High speed steel... ee e 
Stainless steel 619, 592 25, 890 17, 967 
All other alloy iron and steel 1, 952, 912 127, 709 97, 563 
All other prepared scrap.......-....-..---..--.--------- 7, 231, 928 425, 212 823, 759 
Unprepared ectapn. eee 1, 403, 214 210, 516 511, 967 


KE 51, 772, 246 2, 641, 651 10, 012, 801 
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TABLE 16.—Consumption of ferrous scrap, by grades, by districts and States, 


in 1961 
(Short tons) 


No. 1 
heavy- 
District and State melting 
steel 
New England: 
Connecticut 2, 634 
Maine and New Hamp- 
nir A 2, 961 
Massachusetts 5, 595 
Rhode Island. 3. 604 
Vermont.. 4, 339 
Total: 
191. 19, 133 
199. 23, 573 
Middle Atlantic: 
New Jersey md 12, 845 
New Vork 819, 791 
Pennsylvania 4, 837, 
Total: 
1111 ee 5. 670, 632 
o ˙ cates: 6. 485. 147 
East North Central 
w es 1, 666, 878 
Indians 3. 693. 657 
Michigan 792. 452 
ioo 3, 157, 866 
Wisconsin 55, 655 
Total: 
S a 9. 366, 508 
160. 9, 612. 557 
West North Central 
. EE 31. 686 
Kansas and Nebraska 2. 142 
Minnesota 99, 704 
Missouri. 14, 875 
Total: 
NOG EE EE 148, 407 
0 180. 529 


South Atlantic: 
Delaware and Maryland.] 1, 503, 825 


Florida and Georgia 80, 714 
North Carolina 3 
South Carolina S 
Virginia and West Vir- 

` ͤ c auge 174, 468 

Total: 
( 1. 759, 007 
o neve I se" 1, 755, 470 
East South Central: 

Alabama 717, 716 

Kentucky, Mississippi, 
and Tennessee.......... 591, 591 
Total: 

Kr GE 1, 309, 307 
19000 EE 1, 333, 780 
West South Central: 

Arkansas, Loulsiana, and 
Oklahoma 
0 EEN 103, 826 
Total: 

IG0] Lolonowexcedac et 103, 826 
1900... cu — 62, 939 


No. 2 No. 1 and Cast iron 
heavy- | electric No. 2and| Low scrap, All 
melting | furnace | all other | phospho-| other others 
steel bundles | bundles |russcrap| than 
gs 

EE 1, 616 465 33, 158 33, 495 67, 645 
E EE, T 266 10, 496 3, 203 
1.115 O EEN 12,964 | 149, 216 32,118 
959 2,804 EE 10, 155 18, 112 26, 757 
PJ ER eu AA 18, 863 |.........- 
24, 550 4, 480 465 56, 543 230, 182 129, 813 
34, 119 4, 607 395 57,793 | 252,174 142. 057 
19, 396 55, 424 22.250 43,667 | 329,220 148, 229 
27, 878 161, 516 217. 806 110, 408 351,409 | 1,001.162 
, 203 882, 053 386, 651 729, 353 |1, 294, 190 | 3, 789, 281 
610, 477 |1,008, 993 | 626,707 | 883,428 1. 0974. R19 | 4, 938, 672 
701, 675 |1, 286, 593 864, 710 873, 469 2. 020. 203 | 5,014,077 
945, 503 | 619,114 | 683,267 | 589,905 | 765,752 | 1, 522, 424 
108. 752 |1, 072, 165 371, 320 165. 252 603, 751 | 1.310. 879 
2, 250 859. 657 326, 668 389, 134 |1, 318, 558 | 1, 790, 596 
359, 379 |1, 100, 085 437,187 972. 492 [I. 253, 545 | 3, 384, 425 
15, 926 852 10,077 | 194,142 | 260, 439 188, 833 
1, 431, 810 3. 651, 873 |1, 828. 519 2. 310. 925 |4, 202,045 | A, 227. 157 
1, 570, 648 |3, 404. 691 |1, 792, 461 |2, 189. 411 |4, 416. 898 | 8, 731. 676 
8.81 3, 133 49,338 | 168, 550 145, 641 
ET A HE 58, 284 41, 558 48, 809 
40, 096 3, 358 39, 969 13, 548 120, 861 98, 138 
611, 05 11, 455 19, 933 134, 099 77, 555 
660, 012 3, 358 54,557 | 141,103 | 465,068 370, 233 
624, 080 4, 270 47, 285 120, 139 481, 849 378, 296 
, 779 | 216, 832 120, 311 33, 499 822, 097 748, 302 
141, 202 81 3, 400 1. 686 31. 302 . 032 
E WEE, —? 1, 055 60, 080 3, 014 
A PAPES —P— 8 26, 834 14, 879 
64,331 | 196,536 | 310,739 80, 924 | 222, 570 683, 813 
298. 312 413,149 | 434,450 117, 164 662, 973 | 1, 516. 040 
337, 058 323, 136 581, 662 116, 660 609, 834 | 1,575, 710 
143,776 | 126,123 | 249,030 96,450 | 624, 653 482, 600 
138,500 | 139,392 | 129,697 59, 933 | 292, 130 164, 970 
282, 276 265, 515 378, 727 156, 383 916, 783 647, 570 
275. 7 234. 254 370, 522 154, 915 911, 836 581, 280 
64. 3999 16. 643 44, 403 35, 798 11, 479 
858, 434 52, 410 2, 634 75, 940 317,575 147, 430 
922, 833 52, 410 19, 277 120, 343 353, 373 158, 909 
916, 500 15. 672 79, 831 105, 604 373, 728 187, 785 


—— rm err ce | ———————— — — | eee 
— | | eo Oe 


— — — — 
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TABLE 16.—Consumption of ferrous sorap, by grades, by districts and States, 
in 1961—Continued 


(Short tons) 
No. 1 No. 2 [No. 1 and Cast iron 
heavy- heavy- | electric No. 2and| Low scrap, All 
District and State melting | melting | furnace | all other | phospho-| other others 
steel steel bundles | bundles | rus scrap} than 
borings 
Rocky Mountain: 
Arizona and Nevada...... Sri EPIS DET Forums AA 8 2, 281 67, 593 
Colorado, Idaho, Mon- 
tana, and Utah....... .-.| 843,911 58, 512 20, 683 45, 159 3,125 | 205,874 332, 958 
Total: 
LO AA 851, 052 58, 512 20, 683 45, 159 3,125 208, 155 400, 551 
LEE 898, 163 71, 903 29. 189 69, 737 3, 875 196, 378 400, 131 
Pacific Coast: 
California 1. 077. 1990 128,996 | 127,111 | 146, 761 77,379 | 375,106 317, 302 
Oregon and Washington..| 211,986 93, 021 13, 665 34, 251 18, 695 31, 942 66, 861 
Total: 
1001. es aco cese TE 1,289,185 | 222,017 | 140,776 | 181,012 96,074 | 407,138 384, 163 
ENEE ccoo da 1,138,337 | 246,174 | 159,444 | 177,390 80.057 | 417,351 381, 258 
U.S, total 
1901... consec e 20, 517, 057 4, 510, 709 5, 651, 237 13, 568, 873 |3, 885, 088 |9, 420, 536 |16, 773, 108 
IU00 BEE 21, 490, 495 4, 777, 920 |5, 461, 856 |3, 983, 993 |3, 701, 923 |9, 680, 251 117, 372, 270 


TABLE 17.—Ferrous scrap production, receipts, consumption, consumer stocks, 
imports and exports, 1935-61 


(Short tons) 
Purchased 
Home scrap scrap Consump- Stocks 
produced received tion Dec. 31 Imports ! Exports? 
from dealer 
and all others 

1 29, 585, 170 (3) (3) 2, 358, 434 
180 | 40, 721, 109 (3) 3 2, 163, 468 
177 42, 567, 025 (3) 103, 134 4, 598, 735 
S sce Reus 23, 906, 326 5. 147, 625 41, 851 3, 353, 422 
C7770 8 36. 326, 536 §, 310, 098 47, 180 4.014, 572 
„„ 44, 520, 671 5, 471, 554 20, 808 3, 159, 283 
„ 59, 216, 256 3, 726, 030 97, 087 904, 249 
19412. a ca ae 60, 265, 151 6, 316, 138 125, 849 141, 736 
1969 A 61, 650. 956 5, 872, 251 165, 314 54, 894 
1944. 2 oco ccoo- (8) mm 61, 349, 201 4, 418, 719 131,376 95, 682 
CTT 56. 191, 085 3. 924, 203 66, 511 82, 053 
1486... 8 49, 484, 111 3, 397, 421 57, 701 141, 597 
„„ 60. 864. 361 4, 430, 940 70, 681 170, 327 
¡E AS 64, 963, 875 6, 458, 136 480, 724 212, 194 
1949. — 54, : 5, 640, 859 1, 151, 294 295, 5M 
I 68. 901. 275 5. 420. 326 785, 230 216, 964 
ITC coe hevusc 76, 728, 099 4, 366, 057 416, 858 245, 340 
A 69, 023, 124 6, 902, 314 153, 674 352, 710 
105 EE 77, 130, 502 7,148, 7 173, 660 316. 542 
1954. ad ed 61, 354, 449 7, 348. 896 239, 035 1, 695, 561 
1955. AS 45. 501, 181 38, 591, 954 81,375, 099 7, 210, 329 228, 539 5, 171, 77 
1111177 emm 43. 675. 614 39, 424, 571 80, 315, 170 7, 416, 055 255, 561) 6, 446, 463 
177 43, 996. 309 33, 861, 634 73, 513, 823 8, 049. 336 238, 610 6, 765, 992 
E 33, 713, 535 25, 109, 513 56, 359, 935 9, 533, 600 332, 622 2, 927, 360 
1954. 22 c2 loan eg 37, 418, 199 31, 128, 252 66, 061, 516 9, 993, 488 309, 448 4, 939, 043 
1 39, 632, 100 28, 469, 125 QU. 468. 708 9, 237. N31 179, 401 8, 039, 663 
IT a cec su 38, 475, 062 27, 552, 939 64, 326, 693 8, 741, 245 203, 339 9, 715, 755 

! Includes tinplate scrap. 

3 Beer all types from 1935-57; excludes circles, cobbles, strip, and scroll shear butts from tinplated 


after 1957. 
eta not avallable. 
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STOCKS 


Consumer Stocks.—Total ferrous-scrap stocks held by consumers 
decreased during the first 5 months of 1961, reaching a low for the 
year of 8,293,000 short tons on May 31. Beginning in June these 
stocks increased continuously to a high of 9,108,000 short tons on 
November 30. In December they decreased and by the end of the 
month were 6 percent less than at the beginning of the year. At 
yearend they were equivalent to a 50-day supply at an average daily 
scrap-consumption rate of 176,000 short tons. Decreases occurred 
in seven of the nine geographical districts; the largest decrease— 
494,000 tons—was in the East North Central district. Stocks of pig 
iron held by consumers and suppliers on December 31 were 16 percent 
less than those on hand December 31, 1960. 

Supplier Stocks.—The Bureau of Mines discontinued canvassing 
dealers, brokers, and automobile wreckers on June 30. Therefore, 
figures for yearend stocks held by this segment of the industry were 
not available. 


TABLE 18.—Consumer stocks of ferrous scrap and pig iron Dec. 31, in the United 
States by districts and States 


(Short tons) 
1960 1961 
District and State 
Scrap Pig iron Scrap Pig iron 
New England: 
¡rn nnn. 8 11, 812 4, 639 12, 822 4, 002 
Maine and New Hampshire................ 1, 432 456 1, 742 37 
Massachusetts 40, 749 12, 805 27, 286 9, 430 
Rhode Island.............-.......- eee 9, 895 6, 673 8, 805 6, 676 
Nei weed on oe ee eu SEEKS 855 610 1, 419 578 
TO EE 64, 743 25, 183 52, 074 21, 073 
Middle Atlantic: 
// ·o»wꝛꝛꝛ ³⁰-Mq 78, 399 29, 598 80. 829 36, 406 
NOW YOR ic ls ob 564, 589 509, 681 622, 878 431, 304 
Penn sas... 11, 935, 904 801, 657 1, 845, 868 736, 936 
Gta eege 8 2, 578, 892 1, 340, 936 2, 549, 575 1, 204, 7 
East North Central: l 
BER Ee WEE 1, 161, 191 317, 944 1, 006, 971 242, 107 
Tacita a a oes CE 940, 510 128, 604 832, 401 127, 355 
Mili 8 498. 125 299. 374 424. 059 242. 207 
JJ0ͤ ³Ü¹ m red oes 1, 467, 753 620, 145 1, 304. 833 536. 692 
Well! rs §2, 17, 006 57, 991 17, 138 
Oth) sag bo ee ̃ ˙ ch coe eee sete 4, 120, 475 1, 383, 073 3. 626, 255 1, 165, 497 
West North Central: 
Ty EE 25, 358 36, 681 28. 196 31, 882 
Kansas and Nebraska 17, 558 843 16, 032 555 
NET H eus niue uie Deco oS UL nre — 95, 302 83, 149 122, 407 62, 561 
Mio, 238. 587 14. 289 194, 021 
TOUR EE 376, 805 134, 962 360, 656 
South Atlantic: 
Delaware and Maryland................... 239. 923 118, 131 202, 256 
Florida and Oeorgia Ll Ll... 22, 923 2, 010 17. 592 
Nortli Carolini i2 coco eua re uu ERES 4, 298 1, 588 2, 001 
South Carolina................. 2. Lc l.c l.l. 7, 589 8, 145 5, 348 
Virginia and West Virginla................- 146, 414 46, 608 143, 053 
z id on eL 421, 147 171, 482 370, 250 
Kee | re 
! Revised figure 
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TABLE 18.—Consumer stocks of ferrous scrap and pig iron Dec. $1, in the United 


States by districts and States—Continued 
(Short tons) 


District and State 


East South Central: 


AA cT 350, 776 375, 470 279, 403 
Kentucky, Mississippi, and Tennessee 93, 048 222, 005 90, 486 
Kr E 443, 824 §97, 475 369, 889 

West Sonth Central: 

Arkansas, Louisiana, and Oklahoma 1, 648 25, 301 1, 855 
A ects 78, 254 368, 075 53, 351 
l! ³ AA 79, 902 393, 376 55, 206 

Rocky Mountain: 

Arizona and Novada............-.--------- 92 14, 033 119 

Colorado, Idaho, Montana, and Utah...... 124, 317 262, 657 97, 701 
Pill; E 124, 409 276, 690 97, 820 

— ——— v ——— — $ 
Pacific Coast: 

Sic A 8 64, 611 412, 178 49, 124 

Oregon and Washington 2, 049 102, 716 1, 904 
/ ³ꝛ¹-- , ⁰³ NAA 66, 660 514, 894 51, 028 
Sr ð K a 19, 287, 881 3, 770, 431 8, 741, 245 3, 183, 115 

Revised figure. 


TABLE 19.—Consumer stocks of ferrous scrap, by grades, by districts and States, 
Dec. 31, 1961 


(Short tons) 
No. 1 No. 2 ING. 1 and i Low | Cast iron 
heavy- heavy- | electric No. 2 and] phos- scrap, All 
District and State melting | melting | furnace | all other |phorous| other others 
steel steel bundles | bundles | scrap than 
borings 
New England: 
Connectieut S 147 23 2, 352 2, 985 7, 280 
Maine and New Hampshire.. IJ (ohh ists Neca ce tee 41 1, 234 288 
Massachusetts. coccion... 315 (1/8 A AS 1, 128 10, 242 15, 249 
Rhode Ieland 2 1. 199 3, 396 3 184 1,717 2, 276 
Vermont. 192 1j A 8 12112 ed 
Total: 
ji) NC 1, 920 8, 763 180 23| 3,705 17, 390 
/. ee 5, 606 4,377 336 22 8, 468 18, 446 27, 488 
Middle Atlantic: 
New Jersey 3, 764 2, 343 14, 123 1,220 | 11, 220 32, 634 15, 525 
New York...................- 333, 406 3, 691 75, 766 31,357 | 14, 574 35, 105 128, 979 
Pennsylvania................ 611, 628 98, 281 | 187,620 88, 556 |156,313 | 144, 658 558, 812 
Total: 
Isasi 948, 798 104, 315 277, 509 121, 133 |182, 107 212, 397 703, 316 
/ 844, 063 116, 347 301. 488 162, 440 156, 872 278, 183 719, 499 
Revised figures. 


069873—62—— —48 
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TABLE 19.—Consamer stocks of ferrous scrap, by grades, by districts and States, 
Dec. 81, 1961—Continued 


(Short tons) 


No.2 |No. 1 and Low | Castiron 

electric No. 2 andi phos- | scrap, All 
furnace | all other |phorous| other others 
bundles | bundles | scrap 55 5 


District and State 


East North Central: 


Illinois 115,160 | 182,814 | 93,774 95, 422 218, 637 
Indiana 50, 019 56, 890 | 16, 488 147, 202 203, 762 
Michigan... lle ce 129, 582 12, 352 | 52, 000 47,053 102, 173 
G ees eect 171, 046 70, 671 |101, 500 157, 204 422, 327 
Wisconsin.. 56 71 | 27, 899 13, 047 13, 295 
Total: 
11) os oe ee eS ds 465, 863 | 322,798 |291,661 | 459, 928 950, 194 
196009. 694. 877 337, 805 |468, 512 378, O11 027, 237 
West North Central: 

AAA . ADAM  — - B85 AREA 3, 109 11, 325 10, 619 
Kansas and Nebraska. 75 4, 206 7, 934 3,517 
Minnesota 17,326 | 24, 983 23, 421 1. 448 11. 870 43, 359 
Missouri............-........ 100,072 |.......... 76 | 1,671 47, 094 41,359 

Total: 
1061 sad 125, 440 |.......... 23, 997 | 10, 434 78, 223 99. 154 
NEE eet %¾ ⸗˙ tee 16,738 | 116, 353 22 11,787 | 10,264 | 117.697 103, 044 
South Atlantic: 

Delaware and Meryland..... 6, 872 3, 461 §, 174 39, 428 40,011 
Florida and Georgia 745 7 52 , 543 2, 690 
North Carolina... en ] ] ͤ v VEER 218 1, 679 104 
Steht oo oc soc CE EEN WEE A 9265 4.422 


Virginia and West Virginia.. 23, 492 280 50,576 | 8, 605 16, 737 40, 928 


Total: 
106] BEE PIE 28, 382 7, 897 54,790 | 14,049 60, 313 88, 161 
1 ͤ;—⁵Bẽd 21, 043 6, 635 63, 467 | 15,418 | 128, 527 65, 571 
IEZELLXLMI|ILM———— LLLA 
East South Centra): 
Alabama 14, 263 18,197 | 16,714 53, 066 57, 217 
Kentucky, Mississippi, and 
ennessee...............- 34, 732 32,863 | 1,042 17, 128 29, 445 
Total: 
! eee eee 48, 995 49,060 | 17, 756 70, 194 85, 662 
1900... A 8 35, 029 54, 849 1, 682 83, 450 93. 153 
West South Central: 
Arkansas, Louisiana, and 
Oklahoma P ꝛ w“ [ 13.48 |.......... 11 4. 190 5. 801 1. 815 
CFT wwdenssiA cues 36, 714 218 | 8,482 24, 111 37,179 
Total: 
A E 36, 714 229 | 12, 872 29, 912 38, 904 
GCC ͤ de od 29, 304 230 | 10,009 30, 512 59, 937 
Rocky Mountain: : 
Arizona and Nevada 580ͥ0o 281 13, 172 
Colorado, Idaho, Montana, 
F 14. 732 35, 600 942 63, 702 31, 557 
Total: 
kr HE 14, 732 35, 600 942 63, 983 44. 729 
1960....- 3 33, 253 64, 266 734 46, 272 30, 480 
Pacific Coast: 
Caliſornl 41. 852 34,426 3,922 47, 471 64. 610 
Oregon and Washington..... 1. 903 3,806 | 2,414 5, 301 18, 058 
Total: 
AE bere e 213, 477 43,755 38,322 | 6,336 82,772 82, 666 
0 AA 257, 294 67, 587 35, 125 | 10, 381 49, 855 104, 139 
U.S. total: | 
f 2. 675, 404 895, 645 645, 952 1539, 662 1, 045, 112 | 2, 128, 969 
190013. 1. Bee 2, 646, 828 | 777,780 |1, 168, 531 729, 991 |702, 340 |1, 130, 963 | 2, 131, 448 


1 Revised figures. 
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TABLE 20.—Consumer stocks, production, receipts, consumption, and shipments 
of ferrous scrap, by grades, in 1961 


(Short tons) 
Total 
Grades of scrap Stocks sera from dealers} consump- | Shipments | Stocks 
tio. Dec, 31 

N 0. 1 heavy- melting steel "P E 675, 
No. 2 heavy-melting steel 810, 501 
No. 1 and electric furnace 

bundles —— — 2 ée — 254, 952 5, 645 
No. 2 and ail other bundles. .... 5, 052 
Low phosphorus scrap. ........- 539, 662 
Cast iron scrap, other than 
meet n EH 1, 045, 112 

am and/or bor 0 

F eie d E 218, 802 264, 291 
REIS ral 11. 462 143, 154 
Scrap rails. 11, 296 52, 991 
High speed steel, 460 3, 
Stainless stel... 27. 568 135, 320 
"i Goin alloy iron and steel... 84, 833 D a 
other prepared scrap. ....... 
Unprepared scrap.....-........- 638, 676 { 479, 872 
Total: All grades 2, 47, 939 | 8, 741, 245 
1 Revised figures 


TABLE 21.—Stocks of ferrous scrap and pig iron at major consuming industries 
plants, Dec. 31 


(Short tons) 
Manufacturers M Iron foundries 
Year of steel ingots | Manufacturers | and misce]. Total 
and castings |! Stee! castings) 1aneous users 
Scrap stocks 
jo — —— 8 7, 529, 861 383, 792 827, 592 8, 741, 245 
lr EES 1 7, 910, 572 450, 187 927, 122 1 9, 287, 881 


Pig iron stocks 
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PRICES * 


In January the price of No. 1 Heavy-Melting scrap at Pittsburgh 
was lowest for the year at $29.75 per long ton, $14.00 less than in 
January 1960. Prices for this grade of scrap fluctuated during the 
remainder of the year and reached a high of $37.50 in September— 
$6.25 below the highest price during the previous year. In December 
this grade of scrap was quoted at $35.50 per long ton, 19 percent 
higher than in January. 

o. 1 Heavy-Melting scrap at Chicago averaged $35.52 per long 
ton for the year—$4.74 higher than the average for the previous year. 
The highest price was $40.25 in September, and the lowest price was 
$29.50 in January. 

The average composite price of No. 1 Heavy-Melting iron and steel 
scrap was $36.21 for the year, $3.26 higher than the 1960 average. 
The composite price ranged between a low of $31.50 per long ton in 
January and a high of $39.42 in September. The quoted average 
price for this grade of scrap was $34.33 in December, 9 percent greater 
than at the beginning of the year. 

The composite price for No. 2 Bundles averaged $24.69 per long 
ton for the year. The highest price was $27.42 in March, and the 
lowest price was $22.08 in January. 

The average value of exports (see table 1), including all grades of 
scrap, from the United States during 1961 was $40.82 per long ton, 
$7.17 higher than the 1960 average. 


TABLE 22.— Average monthly price and composite price for No. 1 heavy melting 
scrap in 1961 


(Per long ton) 
Month Chicago Pittsburgh | Philadelphia | Composite 
price 1 
JANUARY ss a da $29. 50 $29.75 $35.25 $31.50 
A AAA E 8 30.75 32.00 37.75 33. 50 
E A .o! a 8 37.25 35.25 41.00 37.83 
Fr P NITE 38.25 36. 00 41.25 38. 50 
May. 8 35. 50 34. 50 39. 50 An 50 
iiber RE" 36. 84 36.17 39.17 37.39 
Ü Ay 8 36. 12 35. 50 38. 75 36. 79 
Pl!!! 8 38. 75 35. 75 39. 50 38. 00 
Sepiende mn 40. 25 37. 50 40. 50 39. 42 
Geiss cate eno a E 37.50 36. 50 39.70 37. 90 
N cccccvonecc soc ee cee Ge ea oe 31. 50 33. 50 33. 50 32. 83 
ent A E 8 34. 00 35. 50 33. 50 34. 33 
Average: 

| WEE 35. 52 34.83 38. 29 36.21 
1000 Ee 30. 78 32. 97 35. 10 32. 95 

1 Composite price, Chicago, Pittsburgh, and Philadelphia. 

3 Estimate. 


3 Revised figures. 


2 Iron Age, v. 189, No. 1, Jan. 4, 1962, p. 230 
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FOREIGN TRADE 


The export-licensing regulations governing exportation of ferrous 
scrap remained in effect through 1961. 

Imports.—Imported ferrous scrap, including tinplate, rose 50 per- 
cent in quantity and 45 percent in value when compared with 1960. 
Virtually the entire tonnage of scrap imported, 99.4 percent, came 
from Canada. Of the total imports, 12 percent was tinplate, mostly 
from Canada, compared with 23 percent during 1960. 


TABLE 23.—U.S. imports for consumption of ferrous scrap, by countries 


(Short tons) 
Country 1960 1961 Country 1960 1961 
North America: Euro Continued: 
Bahamas 150 343 erman, West 130 66 
anada................ 160, 561 266, 873 Ireland................. 6,720 |.........- 
UDH. 3, 152 600 Netherlands............ 3, 9092 |.......... 
El 8alvador............ 349 |......-... United Kingdom....... 1 228 79 
French West Indies.... 190. GE Other uerus 11 3 
Mexico................. 222 209 — 
Netherlands Antilles... 155 1.22222. Tot 1 13, 904 148 
Giles. 53 AAA Asia: Japan 105 13 
——————|———— |} Oceania: Australia......... 30 203 
rc 165, 362 268, 025 
Europe: Short tons........ 1179, 401 268, 389 
Belgium-Luxembourg.. 2,823 |.......... value 1 $6, 273, 043 89, 084, 698 
1 Revised figure. 


SOURCE: Bureau of the Census, 


Exports.—Continued high demand resulted in record total exports 
of ferrous scrap from the United States, an increase of 21 percent 
over 1960. Ferrous scrap exported, excluding rerolling materials, 
rose 19 5 in quantity and 44 percent in value over 1960. Scrap 
exported to Japan, including rerolling materials, totaled 6.3 million 
short tons, an increase of 79 percent over 1960 and the largest quantity 
ever purchased by that country. Italy, the second largest importer 
of U.S. scrap, received 1.2 million short tons, slightly higher than in 
1960 but less than during some previous years. Japan and Italy 
together received 77 percent of the total scrap exported from the 
United States. The third largest quantity exported went to West 
Germany. 


3 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.8. Department of Commerce, Bureau of the Census. 
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TABLE 24.— U.S. exports of ferrous scrap, by countries 


(Short tons) 


Iron and steel scrap, including Rerolling material 
tinplate and terneplate scrap ! 


Destination 


North America: 


Europe: 
Belgium enue „ 
e . cen 


n solseceewinncsatecssese 247.028 — 


„ ER 3 
1. ˙²˙ͥ˙ͥ m ces 


Asia: 


-——bo gë ër mama er P EPA ép e e em Amo. 


Israel A ee 8. 099 47 
S ²˙ꝛ˙màA A 33, 422, 646 6, 051, 548 2 81, 385 222, 001 
Nansei and Nanpo Islands.............|................ |----............ 3, 189 16. 546 


WK AAA M 118, 572 107, 686 13, 247 23, 247 
Eeer 110 831 598 


CCC ——M— 23, 657, 1 Ge 1 97, 821 262, 392 


Short tous AE 3 7, 918, 854 9, 437, 979 3 125, 814 277,776 
ne 2 $234, 972, 536 $338, 525, 881 | 9 $6, 599, 778 $15, 491, 368 


1 Excludes circles, cobbles, strip, and scroll shear butts from tinplated scrap. 
3 Revised figure. 


BOURCR: Bureau of the Census. 
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TABLE 25.—U.8. imports for consumption and exports of ferrous scrap by classes 


1900 1961 
Class 


Short tons Value Short tons Value 


Ns | c——áÓÓÀ— aM —äs——— 


Imports: 
Iron and steel serap e e eel ll ss. 


138, 687 $5, 281, 452 235,350 | $8,315,133 
Tinplate EEN 140, 714 1 991, 591 33, 039 769, 565 
A A A NM An i 179, 401 1 8, 273, 043 268, 399 9, 084, 698 
Exports: 
Nos. 1 and 2 heavy-melting steel scrap. .........- 1 143, 431,859 | 5,565,983 | 213, 991, 658 
Nos. 1 and 2 baled steel scrap. ................... 1 46, 889, 2, 391, 441 72, 426, 002 
Borings, shovelings, and turnings................ 1 2, 556, 257 163, 014 4, 509, 035 
HSG AAA A A EEE 1 22, 460, 7 634, 097 23, 133 
Rerolling material... e lll. 1 6, 599, 778 277,776 | 15, 491, 368 
Other steel serap (terneplated and tinplated) . 1 19, 633, 939 : 4 
%/ôĩéÄê5ĩ . 1241, 572, 314 9,715,755 | 354,017, 249 


1 Revised figure. 
3 Excludes circles, cobbles, strip, and scroll shear butts from tinplated scrap. 


Source: Bureau of the Census. 


WORLD REVIEW 


European Coal and Steel Community (ECSC).—Easing of prices 
for Heavy-Melting scrap, a decline in scrap consumption attributed 
to reduced steel production, and increased use of pig iron caused 
suppliers to seek & temporary suspension of the ban on scrap exports 
from European Coal and Steel Community countries.“ Suppliers 
further stated that comparatively large stocks held by consumers 
was another reason for suspending (he ban on exports. 

Trade in the scrap markets of some of the European Coal and Steel 
Community countries nearly came to a standstill during the latter 
part of the year.“ This situation was caused largely by surpluses at 
consumer plants in the Community and had some effect on trade with 
dealers in the United States because Europe was a large importer of 
U.S. scrap. 

Record stocks of scrap at consumer plants in West Germany and 
France caused concern to dealers in those countries. Large stock 
supplies did not exist in Italy where steel production had risen in 
recent years. However, this did not help the Community dealers 
because Italian consumers turned to Britain for much of their imports. 

Another factor affecting the scrap market, in addition to lower 
steel production, was a drop in the ratio of scrap to pig iron used. 

According to the High Authority of the ECSC the consumption of 
scrap by the iron and steel industry within the Community was 
greater than in 1960—totaling 35.3 million short tons. This increase 
occurred despite reduced steel production in the latter part of the 

ear. Of this total 33.1 million tons was from markets within the 

CSC, with 9 2 million tons, mostly high-grade scrap, 
being imported.“ | 

American Metal Market. Seek Temporary Suspension of EC8O Ban on Exports of Scrap. V. 68, No. 


208, Oct. 30, 1961, p. 19. 
American Metal Market. European Steel Scrap Trade Near Standstill. V. 68, No. 225, Nov. 24,1961, 


Dp. 1-2. 
6 5 Metal Market. E. C. S. C. Ferrous Scrap Use Rose Last Year. V. 69, No. 48, Mar, 12. 1962, 
p. 
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Australia.—The Minister for Trade in referring to the export 

uotas on iron and steel scrap in the second half of 1961 announced 

that there would be no further reduction in the quotas because some 
new scrap-using projects have been modified or delayed.’ 

Japan.—A split of Japanese steel mill operators into two groups as 
a result of differences of opinion in the method of import purchases, 
caused the Japanese Scrap Steel Coordinating Committee to an- 
nounce that it would cease acting as sole agent for scrap steel imports.’ 
One group favored importing scrap from the United States under long- 
term contracts; the other, advocated increased spot purchases. 

Due to plans to increase output by most steel mills, the Committee 
stated that Japan’s scrap import requirements were expected to 
increase during the 1962 financial year. 

New Zealand.—Beginning January 1, 1961, export controls of ferrous 
scrap from New Zealand were strengthened considerably to insure 
sufficient scrap to meet the requirements of a new bar mill at Auckland.’ 


TECHNOLOGY 


The world’s largest scrap-charging machine for steel mill service 
was being built at a plant in New Castle, Pa. When completed, it 
will be m in service at a steel plant in Ecorse, Mich., where two of 
the world's largest oxygen converters will begin operating in 1962. 
The poi iura scrap-charging car will be equipped with two scrap 
boxes, each having a capacity of 55 tons, and was designed to charge 
its entire load into & furnace in approximately 1 minute. Operation 
will be by hydraulic power, but in the event of & power or mechanical 
failure overhead cranes may be used to dump the scrap boxes.“ 

As part of the effort to comply with air-pollution ordinances in 
some States and communities, and to further improve scrap quantity, 
two New York University research scientists investigated the smoke- 
less burning of automobile bodies.!! Several designs for incinerators 
were created and evaluated by the scientists and as a result of their 
studies & prototype burner was built and tested at & scrap yard in 
Connecticut. Tests were made by using automobile bodies, insulated 
copper wire, and mixed municipal refuse, demonstrating that the 
furnace could successfully burn a wide variety of smoke-producing 
combustibles. 

The investigations and research were supported by a grant from 
the National Institutes of Health, U.S. Public Health Service. 

An investigation of extracting strategic components from S-816 
alloy scrap was reported.!! The investigation began after the need 
became apparent for a method of reclaiming high-temperature alloys 
from an increasing accumulation of rejected and wornout jet engine 
turbine buckets. 


Iron and Coal Trades Review. Australian Scrap Export Quotas Unchanged. V. 182, No. 4850, June 30, 
1961. p. 1417. 
$ Metal Bulletin. Dispute over Japanese Imports. No. 4577, Mar. 7, 1961, p. 18. 
i * Waste Trade Journal. New Zealand Will Tighten Export Controls on Scrap. V.110, No. 11, Nov. 28, 
060, p. 55. 
19 American Metal Market. Biggest Scrap Charging Machine. V. 68, No. 183, Sept. 22, 1961, p. 18. 
11 American Metal Market. 1961 Equipment Highlight: Auto Burner. V. 68, No. 202, Oct. 20, 1961, 


p. 31. 
1% Kenworthy, H., V. A. Nieberlein, and A. G. Starliper. Experimental Extraction of Strategic Com- 
ponents from S-616 Alloy Scrap. BuMines Rept. of Inv. 5786, 1951, 27 pp. 


lron Oxide Pigments 


By John W. Hartwell? and Betty Ann Brett? 


4e 


RUDE IRON oxide pigments mined and sold or used in the 
C United States during 1961 dropped 35 percent below the com- 
parative 1960 figures, which is the lowest since 1954. Sales of 
finished pigments increased slightly over 1960 but were still almost 
10 percent below the record sales of 1959. 


TABLE 1.—8alient iron oxide pigments statistics in the United States 


1952-56 1957 1958 1959 1960 1961 
(average) 
Mine production: 
Iron oxide pigment mines 
short tons..| ! 22,700 20, 300 30, 100 29, 000 29, 600 20, 900 
Iron ore mines do....| ! 29,200 29, 000 24, 600 2A, 900 40, 700 25, 100 
Crude pigments sold or used: 
Iron oxide pigment mines do....| ! 18,600 18, 400 30, 700 29, 100 30, 400 20, 800 
Value................... thousands.. 1 $168 $193 $251 $262 $198 
Iron ore mines short tons. ] ! 29, 200 29, 000 24, 600 24, 900 40, 700 25, 100 
Value................... thousands.. 1 $252 $269 $211 $219 $373 $255 
Finished pigments sold or used 
short tons..| 108,100 | 104,900 98,400 | 117,600 | 106,000 106, 500 
ir... thousands. $15,213 | $16,405 | $15,822 | $19,037 | $17,948 $18, 345 
Imports for consumption short tons..| 11,500 18, 100 11, 700 14, 800 14, 500 10, 500 
O E thousands.. $949 $1,314 $1, 160 $1, 495 $1, 422 $1, 059 
IPOTtS..... -2-2 eege ee short tons.. 4, 300 3,700 3 900 3, 200 
Nins thousands. $762 $1, 038 $1, 065 $1, 040 $1, 113 


! Average for 1954-56 only. 


DOMESTIC PRODUCTION 


Demand for pigment-grade iron oxide in 1961 remained steady. 
Production from iron ore mines dropped about 38 percent under 1960 
and iron oxide from pigment mines dropped about 29 percent. Fin- 
ished pigments sold or used increased slightly in quantity and about 2 
percent in value. 

Nine companies in eight States mined and sold or used crude iron 
oxide pigments. Sales of finished iron oxide pigments were made by 
16 producers in 9 States. 


PRICES 


The fluctuations in the quoted prices shown in table 4 for metallic 
brown, raw Turkey umber, and natural Peruvian ocher were probably 
due to differences in quantity, quality, locality, or individual suppliers’ 
views. Changes in prices for pure brown, American raw and burnt 
umber, raw and burnt sienna, 40-percent Venetian red, and natural 
French ocher occurred in December 1961. All other iron oxide pig- 
ment prices remained constant, 

1 Commodity specialist, Division of Minerals. 

? Statistical clerk, Division of Minerals, 

i 753 
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TABLE 2.—Crude iron oxide pigments produced and sold or used by processors 
in the United States, by kinds 


Pigment Sold of used 


Brown iron oxide: 
Ge PFC 


1 Includes metallio brown, natural yellow fron oxide, sulfur mud, and miscellaneous pigments. 


TABLE $.—Finished iron oxide Mee sold by processors in the United States, 
by kinds 


Pigment 


Natural: 
Black:  Magnetite. Gelee 

Brown 
Iron — (metallic)) 


N / AAA 


Manufactured: 
Black: Ce E 
Brown: Iron oxide 
Red: 


Pure red iron oxides: 
Calcined Mo -00222-2220 
Other chemical processes 
Other manufactured red iron oxides............ 
Venetian rell. FFF 
Yellow: Iron oxide................................. 


13, 591. 800 
1. 110. 000 
517. 300 


17, 948, 000 


Total manufactured ! .. 
Mixtures of natural and manufactured red iron oxides.. 6, 348 
Other and unspeecifled————ůüĩꝛ 2... cc LLL LL l.l 2, 917 


Grand total................ EE 106, 022 


FOREIGN TRADE 


5 ocher was not imported in 1961. Refined ocher, with an aver- 
e value of about 3 cents per pound, was imported from the Union 
of South Africa (57 tons) and Sweden (34 toni). 

3 Figures on imports and exports compiled by Mae B. Price and Misie D. Jackson, Divi- 


sion of Foreign Activities, Bureau of nes, from records of the U.8. Department of 
Commerce, Bureau of the Census. 
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TABLE 4.—Prices quoted on finished iron oxide pigments, per pound, in bags, 
unless otherwise specified, in 1961 


Pigment Pigment 
Black: Red: 
PURO AA A Domestic (pure) 
Synthetic (1) (i) Natural (75-85 percent ferric 
rown: 3 
Pure....... EE d 
Metallio..................... E . 0550 Spanish (barrels) 1 
Umber, American, burnt....| .0850 E Sienna, burnt 
Umber, Turkey, burnt ?.....| . : Venetian, 40 percent. 
Umber, American, raw. E : Yellow: 
Umber, Turkey, raw 1.......| . A Ocber, natural, French 
Van e (barrels) 8 . 0850 $ Ocher, natural, Peru vlan 
Ocher, hydrated, pure. 
Blenn 
1 Data not available. 
Not quoted after December 1961. 


Source: Oil, Paint and Drug Reporter. 


Malta and Italy supplied all the crude sienna imported, with 130 
and 278 tons, respectively; refined sienna with an average value of 
about 6 cents per pound came from the United Kingdom (22 tons), 
Malta (16 tons), and Italy (100 tons). 

crude umber imports came from Malta. The refined umber was 
from the United Kingdom (67 tons) and Malta (122 tons) with an 
average value of about 4 cents per pound. 

West Germany was the only country from which the United States 
imported Vandyke brown during 1961. The average value of the 
pigment was about 4 cents per pound. 


TABLE $.—U.8. imports for consumption of selected iron oxide pigments 


1960 1961 
Pigment TTT— ORO ee 
Short tons Value Short tons Value 

Natural: 
Ocher, crude and refined. 230 $13. 703 191 $5. 171 
Siennas, crude and refined..............--------.--- 649 63, 983 546 56, 910 
Umber, crude and refined.......................... 2, 894 97, 969 2, 685 03, 240 
Vendyke brown 195 14. 214 168 13.042 
Mee» 8 2. 976 132. 078 2, 248 113, 710 
TOt WEE 6, 944 321, 047 5,7 282, 073 
Manufactured (synthetic) 7,516 | 1,099, 736 4, 806 76, 780 
A ee | ae x.. eo ege —̃ —— 
Grand $6009]... ð2 EE Ee 14, 460 1, 421, 683 10, 544 1, 058, 853 

1 Refined, only. 


3 Classified by the Bureau of the Census as “Natural iron-oxide and iron hydroxide pigments, n.s,p.f.” 
Source: Bureau of the Census. 


WORLD REVIEW 


The United States produced and used more pigment-grade iron 
oxides than any other country. 

Canada.—Production, imports, and exports of all grades and classes 
of iron oxide pigments declined in 1960. Natural iron oxide pigment 
production decreased to 865 short tons valued at Can $80,000, the 
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TABLE 6.—U.8. imports for consumption of iron oxide and iron hydroxide 
pigments, n.s.p.f., by countries 


Natural Synthetic 
Country 1960 1961 1960 1961 
Short | Value Short | Value | Short | Value 
tons tons tons 
North America: Canada 4 44 1,130 | $219,303 | 1,177 | $210,677 
Europe: 
Bolglum-Luxembourg....-1.-.....]- E, VE, ls cross locas lets (1) 504 
o AAA 1 $413 (1) 153 1 1, 991 
Germany, West......... 8 994 29 $3,520 | 5,252] 720,289 | 2,728 396, 315 
j ⁵ðↄx[x 8 (1) 522 AAA MO 
et e AAN EA E, A AAA A 8 45 7, 500 
[vieni EN 2, 838 119, 494 2, 131 101, 422 104 4.241 AA A 
rr A A A, A 1 798 (4) 266 
United Kingdom 129 11, 177 88 8,768 | 1,029 | 154, 424 832 128, 395 
Total cen an 2,976 | 132,078 | 2,28 | 113,710 | 6,386 | 880, 433 | 3,606 534, 971 
e A PS O A PA E 23 1, 132 
Grand total........... 2,976 | 132,078 | 2,248 | 113,710 | 7,516 [1,099,736 | 4,806 776, 780 


! Less than 1 ton. 
Source: Bureau of the Census. 


lowest quantity since 1894. This was 29 percent less in quanity than in 
1959 and 94 percent less than in 1950, the record year. Imports of 
ochers, siennas, and umbers declined 26 percent in quantity from 1959; 
other iron oxide imports declined nearly 20 percent. Exports were 
about 4 percent less in quantity. Consumption of natural and syn- 
thetic iron oxide for paints remained relatively stable in 1960, but 
data were not available.* 

Cyprus.—Exports of umber during 1960 were 19 percent more than 
in 1959 and were valued at nearly US$17 5,000.5 Umber was produced 
from an area near Larnaca on the south coast. Most umber was sold 
as crude ore. 

India.—A deposit of ocher was discovered near Kharidhunga. The 
deposit was mapped and pit-tested in detail, and 100,000 tons of ore 
was blocked out. The ore was reported to have a low specific gravity 
and to be relatively free from clay or other impurities. It was valued 
at US $40 per ton in Calcutta.* 

Morocco.—Production of iron oxide pigments from the Kettara 
hematite mine by Cie. Miniére et Métallurgique decreased to 1,565 
short tons in 1960 compared with 2,323 tons in 1959. These pigments 
were produced as a byproduct. The 1960 exports of nearly 1,500 tons 
were to Algeria, Australia, the Republic of the Congo (formerly 
Belgian Congo), France, Guinea, and Netherlands. "Phe value of 
exports was about US $65,000." 


4 Ross, J. S. Mineral Pigments and Fillers, 1960 (Prelim.). Canadian Min. Ind., Dept. 
Minen and Tech. Surveys, Ottawa, Rev. 44, 1960, pp. 1-4. 

5 Bureau of Mines, Mineral Trade Notes. V. 53, No. 2, August 1961, p. 28. 

e Mining World. Nepal. V. 23, No. 4, April 1961, P 25. 

7 Bureau of Mines, Mineral Trade Notes. V. 53, No. 4, October 1961, pp. 29, 80. 
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TABLE 7.—U.8. exports of iron oxide pigments, by countries 


Destination 


North America: 
Baäbaniāäs ee ioa ela eim AMEDEO USE 
Canada- EC 


F MA EEN 


Europe: 
Belgium-Luxembourg..-...-..-------.-------------- 
Franee e AA ce ae oa sas eet 
Germany, ĩV“̃ ll! 
Iceland UA ]³Ü¹ iA ⁰⁰yʒt 


United Kingdoi mn 
ITA LL lll ll ll... 


Asia: 
ATZNANISUAN EE, ] h BEE 
Hong RONG orto otha eee ace Coke 
e ß EE 
Phllippinee es 
M ³‚Üdm.1. ⁊ ẽ . 8 


Afri 


e së e Da gem epa ap ub e op em e ep a o 


re ð Ee Elcg Cod 1, 113, 124 


Source: Bureau of the Census. 


TECHNOLOGY 


A book published on pigments and pigmented coatings contained 
information on the chemistry, manufacture, and use of organic and 
mineral pigments.* 

Exposure-fence testing of protective paints for metals was described 
in an article. The exposure program which was used required con- 


5 Payne. Henry Y. Organic Coating Technology, v. II. Pigments and Pigmented Coat- 
ings. John Wiley & Sons, Inc., New York, 1961, 1363 pp. 
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venient methods for handling the specimens and simplified techniques 
for recording exposure inspection data.“ 

The effects of iron oxide on the swelling of enamels were 
investigated.” 

The Ge EN of control problems in whiteware manufacturing 
pans with glazes containing brown and tan stains was made. Four 

amilies of stain containing combinations of iron oxide and other min- 
erals were discussed. Factors within the whiteware plants which 
affect brown colors were listed and control procedures H 

A glass polishing composition consisting of finely divided iron oxide 
and other minerals *** 

A patent was granted on a method of manufacturing red iron oxide. 
A color range from light red to deep maroon was produced by chemi- 
cal precipitation. The pope consisted of 88 to 98 weight-per- 
cent ferric oxide chemically combined with water.“ 

A. dehydrogenation catalyst was patented consisting of iron oxide, 
minor amounts of an alkaline compound of an alkali metal, chromium 
oxide, and hydraulic cement containing free calcium oxide.“ 

A. Russian book on the chemistry and technology of pigments was 
published. This book contained two chapters of 72 pages on synthetic 
and natural iron oxide pigments. As of December 1961 an lish 
translation was not available.“ 


®Lominska, C. A. Exposure Testing of Protective Paints for Metals. Mat. Res. A 
Standards, v. 1, No. B. 3 1961, pp. 620-625. 

10 Azarov, K. P., and 8. B. Grechanova. (On the Effect of Iron Oxides on Swelling of 
Enamels.) Tr. Novocherk, politekhn. in-ta., No. 47/61, 1958, pp. 243-258; transi. from 
Referativnyy zhurnal, Khimiva, No. 16, 1960, p. 371 (a Russian abs.). 

u Marquis, John E., and Robert E. Carpenter. Plant Control Problems with Whiteware 
19325 ontaln ng Brown and Tan Stains. Am. Ceram. Soc. Bull., v. 40, No. 1, January 

B1, pp. : 

12 Kroner, Gerhard (assigned to Farbenfabriken Bayer A.G.). Glass Polishing Composi- 
tione. U.S. Pat. 2.967,096, Jan. 3, 1961. 

3 Bennetch, Leonard M. (assigned to C. K. Williams & Co., East St. Louis, III.). Red 
Oxide of Iron. U.S. Pat. 3,009,821. Nov. 21. 1961. 

1 Fleming. Harold W.. and William R. Gutmann (assigned to the Chemetron Corp.). 
1935 Oxide Hydraulle Cement Dehydrogenation Catalyst. U.S. Pat. 2,990,482, June 27, 


15 Belen’kiy, Ye. F., and I. V. Riskin. (The Chemistry and Technology of Pigments). 
Khimiya 1 Teckhnologiya Pigmentov, Leningrad, 1960, 756 pp. 


Kyanite and Related Minerals 


By James D. Cooper * and Gertrude E. Tucker ? 
4 


RODUCTION of domestic kyanite in 1961 increased 7 percent 

over1960. "There was no reported output of other natural minerals 

of the kyanite group. Synthetic mullite production in 1961 was 
down 31 percent from 1960. Apparent consumption of kyanite and 
related minerals, including synthetic mullite, was approximately 
the same as in 1960. 

Kyanite, sillimanite, andalusite, dumortierite, topaz, and synthetic 
mullite are discussed in this chapter because all are aluminum silicates 
with similar properties, and all can be used to produce mullite 


refractories. 
DOMESTIC PRODUCTION 


Production of minus 35-mesh kyanite concentrate increased 7 
ercent over that of 1960 and established a new peak. Output of 

GEET ore increased only 2 percent over 1960. These data indicated 
an improvement in the recovery ratio over that of 1960. Data on 
output are withheld to prevent disclosure of individual production 
of AR two producing companies—Commercialores, Inc., with mines 
near Clover, S.C., and K 
Farmville and Dillwyn, Va. 

Synthetic mullite production decreased 31 percent in quantity 
and 22 percent in value in 1961. Although consumption of synthetic 
mullite was down somewhat from 1960, a second major factor in 
the reduced output was disposal of several thousand tons of surplus 
kyanite and mullite from the Government stockpile in 1960 and 1961. 
Further sales of stockpiled kyanite and mullite were planned for 1962. 


yanite Mining Corp., with mines near 


TABLE 1.—Synthetic mullite production in the United States 


Short tons Value 
(thousands) 


Commodity specialist, Division of Minerals, 
3 Statistical assistant, Division of Minerals. 
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The following six companies manufactured synthetic mullite in the 
United States in 1961: 


n The 1 & Wilcox Co., Refractories Division, New York, N.Y. (plant at 
ugusta, Ga. 
he Carborundum Co., Niagara Falls, N. V. ‘plant at Niagara Falls, N.Y.). 

Harbison-Walker Refractories Co., Pittsburgh, Pa. (plant at Vandalia, Mo.). 
A H. e Porter Co., Inc., Refractories Division, St. Louis, Mo. (plant at Shelton, 

onn.). 

Remmey Division of A. P. Green Fire Brick Co., Philadelphia, Pa. (plant at 
same address). 

The Chas. Taylor Sons Co. (subsidiary of National Lead Co.), Cincinnati, Ohio 
(plant at South Shore, Ky.). 


CONSUMPTION AND USES 


Most of the kyanite and mullite used went into superduty refractory 
brick and shapes, mortars, cements, plastics, and ramming mixtures. 
Nonrefractory use of domestic kyanite concentrate appeared to be 
increasing, particularly in ceramic articles where the expansion of 
kyanite is used to overcome firing shrinkage of the ceramic products. 

About 90 percent of all mullite refractory products was used by the 
ioil aal and glass industries, and the rest was used mostly in 
kiln furniture for the ceramic industry. 

Although the price of mullite refractories was higher than that of 
fire clay refractories, the lower maintenance cost under the severe 
a conditions of metallurgical and glass furnaces more than 
offset the higher initial cost. 


PRICES 


Prices for domestic and imported kyanite reported in E&MJ Metal 
and Mineral Markets remained unchanged throughout 1961: Domestic 
kyanite concentrates, per short ton, f.o.b. point of shipment, 35-mesh, 
carlots, in bulk, $44 to $45, in bags, $47; 200-mesh, in bags, carlots, 
$53 to $55 (additional cost for calcining, per ton, $9 to $10). Prices 
for imported kyanite (60-percent grade) in bags were $76 to $81 per 
ton c.i.f. Atlantic ports. 


STOCKS 


As of December 31, 1961, the national (strategic) stockpile contained 
10,100 short dry tons of kyanite and mullite, which was 110.4 percent 
in excess of the maximum objective of 4,800 tons. No kyanite or 
mullite was contained in the Defense Production Administration, 
Commodity Credit Corp., or supplemental stockpiles. 

Data were not available on importers’, producers’, and consumers’ 
stocks of kyanite group minerals and mullite in the United States. 
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TABLE 2.—U.S. imports for consumption and exports of kyanite and related 


minerals 
Imports Exports 
Year and country Short | Value Year and country Short | Value 
tons tons 
reen (ëeeroge). 15575 (average)................ 1.271 $58. 872 
// èͤ eee 263.375 | T957. AS e En y EX BART 2, 588 129, 063 
1058 A O A A E EA 8 1985 FFC 2. 493 126, 862 
UE BEE , ³˙·¹wꝛꝛ A 2, 734 167, 432 
; 1 
Asta: India . North America: 
ane Union of South Af- an ada 1, 630 108, 718 
EE Merl co 788 : 
sua A merica; 
Poll!!! Hie. ose 5 
Ven cael ee 65 4, 759 
1961: Europe: 
Europe: Netherlands AUStr ads 17 941 
Asia: India Belgium-Luxembourg 2 533 
Africa: Union of South Af- rang... 143 8, 403 
PUB. AA R West 288 17. 893 
VF 63 , 660 
i Walled Kingdom........ 86 11, 442 
ia pan 163 12, 452 
Jordan 5 836 
Total. ic a 8, 255 209, 950 
North America: 
Anaas eg 647 100, 237 
Mexico 677 33, 748 
South America: 
Argentina 76 4,314 
Venezuela. 37 4, 642 
urope: 
Austria 5 11 1, 285 
France... 45 2, 821 
Germany, West 395 30, 252 
Jet eegene, 135 9, 379 
Netherlands............. 46 4. 302 
ae United Kingdom........ 878 50, 536 
sia 
Indonesia 89 5. 200 
Ja A 880 64, 668 
VIiet- Nam 30 2, 559 
Aa: Union of South Af- 
33737 34 2. 590 
ala: Australla.........- 20 1, 040 
No! 4, 000 317, 633 


1 1954 data known to be not comparable with other years. 
Source: Bureau of the Census. 


FOREIGN TRADE ' 


Imports of kyanite and related minerals declined 11 percent in 
quantity and 8 percent in value from 1960. Exports increased 23 per- 
cent in quantity and 51 percent in value. 


3 Figures on imports and exports compiled St Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.S. Department of Commerce, Bureau of the Census. 
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WORLD REVIEW 


World production of kyanite and related minerals from 1928 to 
1960 inclusive, is shown in table 3. 

Australia.—Preliminary figures showed production of 722 tons of 
sillimanite during the first 6 months of 1961. Imports for the same 
period totaled 1,296 tons of kyanite and sillimanite. There were no 
reported exports of kyanite-group minerals.‘ 

Bulgaria.—4A rich deposit of kyanite, discovered in the Rhodope 
Mountains of Bulgaria, reported to contain about 900,000 tons of 
kyanite, was being examined.’ 

India.—An improved process was proposed for recovery of heavy 
minerals from the Chavara beach sands in Kerala State, India. Its 
use reportedly would recover large quantities of valuable minerals 
presently being wasted, including approximately 30,000 tons of 
sillimanite a year.“ 

South-West Africa.—Production of kyanite and sillimanite totaled 
3,000 tons for the first 9 months of 1961. Exports were 3,040 tons in 
the same period.’ 

Union of South Africa.—Total production of sillimanite and anda- 
lusite was 102,301 tons in 1961, an increase of 48 percent over the 
preceding record production of 1960. Exports were 102,633 tons in 
1961.5 Principal countries of destination were United Kingdom, 
Japan, Netherlands, and West Germany.’ 


TECHNOLOGY 


A comprehensive report on kyanite and related minerals was 
published. The report contains descriptions of the major deposits 
of the world, together with data on geology, mining, processing 
methods, technology, research, and industry structure. Abstracts of 
U.S. patents from 1920 through 1959 are included.“ 

Secondary expansion of certain high-alumina refractories containing 
calcined bauxite was found to result from mullite crystal growth, due 
principally to titanium dioxide and ferric oxide impurities, which 
reduced the viscosity of the liquid phase and caused vacancies in the 


4 Australia Bureau of Minera! Resources, Geology, and Geophysics. The Australian Mineral Industry. 
V. 14, No. 2, pt. 2, December 1961, pp. 9, 17, 18. 

8 Mining ournal (London). Mining Miscellany, Kyanite Discovered-Rhodope, Bulgaria. V. 256, No. 
6564, June 9, 1961, P 662. 

* Viswanathan, P. Improved Flowsheet for Concentration of Minerals From Chavara Beach Sands. 
J. Mines, Metals and Fucls (Calcutta, India), v. 9, No. 8, August 1961, pp. 13-15, 23. 

7 Republic of South Africa, Department of Mines (Minerals). Quarterly Information Circular. July- 
September 1961, pp. 71, 74, 83. 

$ U.S. Consulate, Jobannesburg, Republic of South Africa, State Department Dispatch 390. Mar. 14, 


p. 1. 
BS Republic of South Africa, Department of Mines (Minerals). Quarterly Information Circular. July- 
ptember P. 26. 
Ba Klinefelter, T. A., and J. D. Cooper. Kyanite, A Materials Survey. BuMines Inf. Circ. 8040, 1961 
pp. 
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crystalline phase at temperatures above 1,400° C. Sodium fluoride 

was an effective additive for control of the secondary expansion. i. 
High-temperature Strength and elastic properties for relatively pure 

sintered mullite bodies of 3.2 and 2:1 alumina-silica ratios were 


2,000? C. Previous research had been limited to pressures in the 
range of 30,000 atmospheres and temperatures of about 1,500° C. 


The results should be of particular interest to geologists and 
mineralogists,13 


11 McGee, Thomas D., and C. M. Dodd. Mechanism of Secondary Expansion of High-Alumtna Refrac- 
tories Containing Calcined Bauxite, J. Am. Ceram. Soc., Ceram. Abs. V. 44, No. 6, June 1961, pp. 277-283, 
12 Fenstermacher, J. E., and F. A. Hummel. High-Temperature echanica] Properties o Ceramic 
Materials; IV, Sintered Mullite Bodies. J. Am. Ceram. Soc., Ceram. Abs., v. 44, No, 6, June 1961, pp. 


D Claussen, W. F., R.C. Devrics, and J, D. MacKenzie. The Influence of High Pressures and High 
Temperatures on Transformations and Coordination in Crystalline and Vitreous Ceramic Materia A 
WADD Tech. Re t. 60-304, November 1960, pp. 13-38 reproduced by ASTIA Arlington Hall Sta., Arling- 


ton, Va., unclassified repr. AD 251 749, Materials Central Contract A.F. 33(016) -6295, Project 7351; Task 
73517— General Electric Company Research Laboratory. 


Lead 


By Richard N. Spencer,“ Edith E. den Hartog,? and Mary E. Graves ?* 


4e 


Contents 

Page Page 
Legislation and Government pro- Foreign trade 783 
FCC AAA ans 765 | World review 788 
Domestic production —- 768 North America oooooocoo... 790 
Mining 768 | South America 793 
Smelting and refining......- rede 794 
Consumption and uses AA EENG 795 
Lead pigments. ........... rr aa die 796 
va AA IA 781 | Oceania 797 
el AAA A 783 | Technology) 798 


INE output of recoverable lead increased 6 percent, and pro- 
duction of lead at primary refineries increased substantially 
in 1961; production at secondary smelters declined. Consump- 

tion of lead in battery uses and in leaded gasoline additives together 

increased 4 percent; most other items of lead consumption declined 
slightly to moderately. Import quotas remained in effect during 
the entire year. Some barter transactions were negotiated for lead 
from two foreign countries, and partial deliveries were received. 

The price of common grade lead (New York market) remained at 11 

cents a pound until November 1 when it declined to 10.5 cents. 

It dropped again, to 10 cents, on November 13; on November 28 a 

small gain brought the price to 10.25 cents, where it held for the 

remainder of the year. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Import quotas established in October 1958 continued in effect 
without revision through 1961. The U.S. Tariff Commission sub- 
mitted a report to the President on October 2, in accordance with 
Executive Order 10401, to advise concerning developments in the 
trade pertinent to lead and zinc quotas as required by escape clause 
procedure. The Tariff Commission reported that trade conditions had 


1 Commodity specialist, Division of Minerals, 

2 Statistical stant, Division of Minerals. 

3 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.S, Department of Commerce, Bureau of the Census. 
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TABLE 1.—Salient lead statistics 


—— — ————— —— | | 


United States: 
Production: 
Domestic ores, recoverable lead 
content short tons 349, 815 338, 216 255, 586 
Value................ thousands..| $103,218 $96, 730 $62, 566 $58, 785 


al 
Primary lead (refined): 
From domestic ores and base 


ullion......... short tons..| 340,792 947, 675 225, 270 
From foreign ores and base 
bullion.........short tons..| 148,992 185, 858 115, 6601 
Antimonial lead (primary lead 
content short tons. 16, 159 19, 870 12, 402 
Secondary lead (lead content) 
short tons..| 489, 552 489, 229 451, 387 
Imports, general: 
Lead in ores and matte 
short tons. 160, 150 198, 479 138, 834 
Lead in base bullion....... do.... 266 84 460 80 
Lead in pigs, bars, and old 
short tons.. 352, 726 333, 492 022 271, 695 
Exports of refined pig lead...do.... 1, 638 4, 339 2,756 
Stocks Dec. 31 (lead content): 
At primary smelters and refin- 
erleg. ooo short tons. - 110, 020 143, 916 ; 171, 079 
At consumer plants....... do....| 120,477 129, 310 126, 496 
Consumption of metal, primary 
and secondary..... short tons..| 1,169, 926 | 1,138, 115 1, 091, 149 
Price: New York, common lead, 
average, cents per pound....... 15. 03 14. 66 
World: 
Production 
e 2, 330, 000 | 2, 640. 000 
Selten tec 2, 190, 000 2, 515, 000 
Price: London, common lead, av- 
erage, cents per pound 13. 42 12. 05 
1 Revised figure. 


not altered sufficiently to justify relaxing the protective measures 
in effect and that a formal investigation was not warranted. 

Surplus agricultural barter contracts were negotiated with Canada 
for 55,000 tons of lead and with Australia for 50,000 tons of lead by 
the U.S. Department of Agriculture, Commodity Credit Corporation 
(CCC). These contracts were made in exchange for agreements 
by producers in those two countries to curtail lead production in 
da E o acquisitions of lead were made for the national (strategic) 
stockpile. 

A bill to subsidize small lead-zinc mines became Public Law 87-347 
on October 3, 1961 after being passed by both Houses of Congress 
and approved by President Kennedy. The law calls for subsidy 
payments to small producers (less than 3,000 tons combined lead 
and zinc) amounting to 75 percent of the difference between 14% cents 
per pound of lead and the market price for common lead at New 

ork. The maximum amount of payments which may be made 
under this Act during its 4-year duration was specified as $16,500,000. 
No funds had been appropriated by yearend to implement this 
program. 

The Office of Minerals Exploration (OME), which limited Govern- 
ment participation to 50 percent of the approved costs and a maxi- 
mum of $250,000 for any one contract, continued its program of 
assistance for long-range exploration and received 25 applications 
for assistance for lead-bearing ore deposits. Five new contracts 
were executed, authorizing total expenditures of $350,410, of which 
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the maximum Government participation was $175,205. Eleven 
applications received in 1961 were denied, five were withdrawn. 
Two OME contracts were terminated. Two contracts from the 
Defense Minerals Exploration Administration (DMEA), predecessor 
to OME, were terminated. One discovery was certified, making 
a total of 95 certified discoveries or developments in lead-bearing 
ore under the DMEA-OME program. 

The International Lead-Zinc Study Group met for its third session 
in Mexico City, Mexico, from March 20 to 24 and for its fourth session 
in Geneva, Switzerland, from October 18 to 24. The Study Group 
continued its efforts to find generally acceptable means to bring free- 
world production and consumption more nearly into balance. fn the 
third session, delegations from several countries announced the in- 
tention of curtailing lead production during 1961 by definite quanti- 
ties. At yearend, it was evident that few of the announced reductions 
in lead production were effected; free-world lead production increased 
substantially over that of 1960, while consumption rose only slightly, 
thus leaving a substantial increase in lead stocks. Market reaction 
to this growing imbalance was a series of price declines late in the 

ear. No solution to the problem seemed forthcoming at yearend; 
owever, the Lead-Zinc Study Group continued its efforts to reach 
an equitable solution and continued its statistical work. 
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FiGURE 1.—Trends in the lead industry in the United States, 1920-61. Consump- 
tion includes primary refined, antimonial, and secondary lead, and lead in 
pigments made directly from ore. Imports are factored to include 95 percent 


of the lead content of ores, mattes, and concentrates and 100 percent of pigs, bars, 
base bullion, and scrap. 
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DOMESTIC PRODUCTION 


MINE PRODUCTION 


Mines in the United States produced 262,000 short tons of recover- 
able lead in 1961, 8,000 tons less than in 1900. Since 1900, only in 
1959 and 1960 was mine production less than that of 1961. Produc- 
tion increased considerably during the first and second quarters 
(compared to the two preceding quarters), then decreased in both the 
third and fourth UE Production in 1961 was 6 percent more 
than in 1960. ine output was not materially affected by labor 
strikes during the year. 

The four largest producing States were Missouri, 98,800 short tons; 
Idaho, 71,500 tons; Utah, 40,900 tons; and Colorado, 17,800 tons. 
Mines in these four States produced 229,000 tons or 87 percent of the 
total U.S. output. The remaining 13 percent came from 16 States. 
Major producers in these minor producing States, with a combined 
total of 26,100 tons and representing about 10 percent of total out- 
put, were mines in Washington, Arizona, Virginia, Illinois, Montana, 
and New Mexico. 

Missouri remained the major lead producing State; output of mines 
of the Southeast Missouri Lead Belt was 38 percent of the U.S. total. 
Missouri production was 12 percent less than that during 1960. 

Extensions of the Southeast Missouri lead belt were receiving more 
favorable mining-company interest than any other U.S. area contain- 
ing lead resources. Fifteen or more major mining firms had acquired 
leases or had purchased property for exploration. Most of this 
exploration was south of the Viburnum district, some as many as 
30 miles south. Although little reliable news of exploration results 
had been made public, it was known that significant new discoveries 
had been made in the area east of Bunker. The imbalance of lead 


TABLE 2.—Mine production of recoverable lead in the United States, by States 


(Short tons) 
State 1952-58 1957 1958 1959 1960 1961 
(average) 
ABO. eee 11, 230 12, 441 11, 890 9, 999 8, 495 5, 937 
ee AAA PS 31... DAS 
Gul RP A ee eee 8.019 3, 458 140 227 440 103 
„ 0] SEE qs 21, 061 21. 003 14, 112 12, 907 18, 080 17, 755 
„ „ AA A, FE FL 69, 223 71, 637 53. 603 62, 395 42. 907 71, 476 
1 ` EA DE 3, 852 2. 970 1. 610 2, 570 3, 000 3, 430 
U 5, 286 4. 257 1, 209 481 781 1, 449 
F EE 84 411 516 409 558 656 
"Ve AREA ANNE 125, 917 126. 345 113 123 105, 165 111, 948 98, 785 
fo 1o EEPO 18, 344 13, 300 8, 434 7, 672 879 2, 643 
C 4. 775 5, 979 4, 150 1, 357 987 1, 791 
„„ ae 4,038 5, 204 1, 117 829 1. 996 2, 332 
ß L 277 1, 667 579 481 775 87 
North Carolina . DEES 424 318 
Es. MI bob 13, 024 7,183 3. 692 601 936 
O RRA IA E 47, 342 44, 471 40. 355 36, 630 39. 398 40, 894 
Li +e. a 3, 387 3, 143 2, 934 2,770 2, 152 8.7 
bo RAS 10, 949 12, 734 9, 020 10, 310 7, 125 8, 053 
1 RARAS 1, 977 1, 900 800 745 1, 165 680 
One BUM a ern ame 26 14 B ee IAB 23 27 
— A E, HN A H 
TOMBE Codi eee | 349, 815 | 338, 216 267, 377 | 255, 586 246, 669 261, 921 
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production and consumption, with the attendant low lead metal 
price, tended to slow exploration; however, most or all of the mining 
firms were retaining their leases, and some were acquiring exploration 
rights in new areas. 

The Bonne Terre mine of St. Joseph Lead Co., which started 
Operating in 1864, closed in August because of low metal prices and 
exhaustion of commercial ore reserves; the company also closed its 
National mine for the same reasons. However, lead mine production 
of St. Joseph Lead Co. was kept nearly constant by new mine pro- 
duction from the Viburnum district. The second shaft of the Vi- 
SE Project, No. 28, was completed and ready for production at 

earend. 
National Lead Co. closed its mine and mill at Fredricktown, Mo., 
on January 31. 

Idaho again placed second as a lead-producing State. Mine output 
increased substantially over that of 1960 as production was uninter- 
rupted by strikes, and was greater than it had been for several years. 
The Bunker Hill Co. operations were maintained at an accelerated 
pace for several months after the 7%-month labor strike of 1960; 
then in May production was reduced to a more normal level. The 
Bunker Hill Co. started an extensive and accelerated 5-year program 
of mine development. Most of the other mines in the Idaho Coeur 
d'Alene district maintained a stable rate of production; however, the 
Hercules mine of Day Mines, Inc., was allowed to fill partly with 
water because extensive exploration had not been successful. 

Lead output of Utah was slightly more than in 1960. Deposits 
of lead ore, mainly in the Tintic and Park City districts, were being 
explored. Development by Bear Creek Mining Co., domestic explora- 
tion affiliate of Kennecott Copper Corp., of the newly discovered 
Tintic lead-zinc-silver ore body, was reported to have proven about 
1.5 million tons of high grade ore. In United Park City Mines Co. 
Daly Judge mine, a high-grade silver-lead-copper-zinc ore body was 
found. Grand Deposit Mining Co. encountered a high-grade silver- 
lead-copper-zinc ore body below the Wasatch drainage tunnel in the 
Alta district near Salt Lake City. Regular production of 70 to 100 
tons per day of lead-zinc-copper ore cume from the section of the 
Ophir Hill mine, explored under a DMEA contract by McFarland and 
Hullinger of Tooele, Utah. 

Output of lead from mines in Colorado remained nearly the same 
as in 1960. The Silverton Project of Standard Metals Corp., to open 
the Shenandoah-Dives and Sunnyside mines, continued as planned. 


TABLE 4.—Mine production of recoverable lead in the United States, by months 


(Short tons) 
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The low-level American Tunnel was completed, and connections were 
made with the workings of the Sunnyside. The tunnel encountered 
three new veins containing ore deposits; exploration was started to 
evaluate these bodies and to prepare the known ore bodies of the 
Sunnyside for production. The Leadville smelter, American Smelting 
and Refining Co., closed and was dismantled; this ended an important 
riod of Colorado mining history. The Eagle mine of The New 
ersey Zinc Co. at Gilman, the San Miguel property of Idarado 
Mining Co., the Emperius Mining Co. operation at Creede, the mines 
of Rico 5 Mining Co. at Rico, and the Camp Bird mine near 
Ouray, of Camp Bird Colorado, Inc., continued producing and were 
significant contributors to the Colorado lead output. 

The Iron King mine of Shattuck- Denn Mining Corp. again was the 
leading lead- producing mine in Arizona. The Flux mine in the 
Harshaw district and the Pride of the West mine in the Duquesne 
district yielded lead- containing ores that were treated in the Trench 
concentrator of the Harshaw district. 

The Pend Oreille mine of Pend Oreille Mines and Metals Co. and 
the Grandview mine of American Zinc, Lead and Smelting Co. re- 
mained the leading lead-producing mines in Washington. Superior 


TABLE 5.—Twenty-five leading lead-producing mines in the United States in 
1961, in order of output 


Rank Mine District or region State Operator Source of lead 
1 | Federal Souten tera Missouri St. Joseph Lead Co.. Lead ore. 
ssouri. 
2 | Bunker Hill....... Coeur d'Alene....| Idaho The Bunker Hil! Co.. Lead-zinc ore. 
3 | United States & West Mountain Utah United States Smelt- | Lead-zinc, gold- 
Lark. (Bingham). ing, Refining and silver ore. 
Mining Co. 
4 | Lead wood Southeastern Missourl..... St. Joseph Lead Co...| Lead ore. 
Missouri, 
5 | Viburnum.........]..... GOs code ete ect do. la la EESE E Do. 
6 | Indian Crcek......]..... C0 // AA AA Lead-copper ore. 
7 | Lucky Friday..... Coeur d'Alene....| Idaho........ Lucky Friday Silver- | Lead ore. 
Lead Mines Co. 
Sr A AAA BEE do........ The Bunker Hill Co. Lend-zinc ore. 
9 | Idarado........... VIDIT San Mi- Colorado..... Idarado Mining Co...| Copper-lead-zine 
guel. ore. 
10 | Page Coeur d'Alene....| Idaho........ American Smelting Lead-zinc ore, 
and Refining Com- 
pany. 
11 | Pend Orellle.......| Metallne Washington. | Pend Oreille Mines Do. 
and Metals Co. 
12 | Bonne Terre Sod ean Missourl..... St. Joseph Lead Co...| Lead ore. 
ssourl. 
13 | United Park City- Blue Ledge....... Utah......... i Pak City Lead-zinc ore. 
nes Co. 
14 | Iron King......... Big Bug........... Arizona...... EE Min- Do. 
ng Corp. 
15 | Eagle. Red Cliff (Battle | Colorado..... The New Jersey Zinc | Copper, lead- 
Mountain). Co. zinc ore. 
16 | Austinville and Austinville........ Virginia......|..... OG AEN 8 Zinc-lead ore, 
Ivanhoe Mines. 
17 | Mayflower Unit...| Blue Ledge....... Utah......... New Park Mining Co | Lead-zínc ore. 
18 | Camp Bird........ Sneflels........... Colorado..... Camp Bird Colorado, | Copper-lead-zine 
nc. ore, 
19 | Sunshine Coeur d'Alene....| Idaho........ Sunshine Mining Co..| Silver ore. 
20 | Emperius. ........ Creede. ........... Colorado..... Empertus Mining Co | Lead-zinc ore, 
21 | Grandview........ Metaline.......... Washington..| American Zinc. Lead Do. 
and Smelting Co. 
22 | Linchburg Group. Magdalena New Mexico. Te New Jersey Zinc Do. 
O. 
23 | Gray.............. Upper Missis- Hlinols....... Tri-State Zinc Co..... Zine ore. 
sippi Valley. 
24 | Three Klds........ Las Vegas......... Nevada Manganese, Ine Lead residue, 
25 | Ophir Unit Ophir............. Utah......... United States Smelt- | Lead-zinc, silver 
ne Refining and ore. 
Mining Co. 
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Mining and Dredging Co. started exploration and development of the 
Electric Point and Bechtol mines in Stevens County; satisfactory re- 
sults of exploration may result in lead production from these mines. 

Montana lead production remained low throughout the year, 
largely because of the continued inactivity of The Anaconda Co. zinc 
mines in Butte. 

New Mexico lead production increased 17 percent over that of 
1960 to 2,300 tons, resulting from additional output at the Hanover 
and Linchburg mines operated by The New Jersey Zinc Co. 

The 4 percent of U.S. lead output from States east of the Mississippi 
River was recovered largely as a byproduct of zinc mining. Cali- 
fornia, Nevada, Kansas, and Oklahoma produced a total of 4,300 tons, 
almost 2 percent of the U.S. output. 

The 25 leading lead-producing mines in the United States in 1961 
accounted for 92 percent of total domestic output; the 10 leading mines 
yielded 75 percent, and the 4 largest mines 47 percent. 


SMELTER AND REFINERY PRODUCTION 


Refined lead was produced in the United States from domestic 
and foreign sources at primary refineries that mainly treated base 
bullion, small quantities of scrap, and intermediate primary smelter 
products. Some antimonial (hard) lead was produced at primary 
refineries. The principal product of secondary smelter-refineries was 
antimonial lead because a large portion of the market was for storage 
battery lead, and the major secondary smelter feed source was from 
easily reclaimed battery scrap. Refined pig lead and lead-tin and 
other alloys formed 31 and 69 percent, respectively, of total secondary 
lead production. 

Three smelters, five combination smelter-refineries, and two re- 
fineries comprised the primary lead production facilities in the United 
States. The Leadville, Colo. (Arkansas Valley) smelter of American 
Smelting and Refining Co., which had operated nearly continuously 
since its construction in 1879, closed in January 1961 and was dis- 
mantled. 

A list of domestic primary lead smelters and refineries can be found 
in the Lead chapter of the 1960 Minerals Yearbook. The only 
change is deletion of Leadville (Arkansas Valley) smelter of American 
Smelting and Refining Co. Major secondary smelting firms that 
report to the Bureau of Mines are listed: 
ae Smelting and Refining Co. (including Federated Metals Division) 

ants: 

Y Los Angeles, San Francisco, and Selby, Calif. 

Whiting, Ind. 
Omaha, Nebr. 
Newark and Perth Amboy, N.J. 
Houston, Tex. 
Bers & Co., Inc., Philadelphia, Pa. 
The Bunker Hill Co., Seattle, Wash. | 
Continental Smelting & Refining Co., McCook, III. 
Electric Storage Battery Co., Philadelphia, Pa. 
Goldsmith Bros. Division of National Lead Co., Chicago, Ill. 
Gopher Smelting & Refining Co., St. Paul, Minn. 
Imperial Type Metals Co. plants: Chicago, Ill., and Philadelphia, Pa. 
Industrial Metal Meltin Co. Inc., Baltimore, Md. 
Inland Metals Refining Co., Chicago, Ill. 
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Nassau Smelting & Refining Co., Inc., Tottenville, N.Y. 
National Lead Co. (including Magnus Metal Division, Morris P. Kirk & Son, 
Inc., and Master Metals, Inc.) plants: 
Los Angeles, Calif. 
Atlanta, Ga. 
Chicago and Granite City, III. 
Indianapolis, Ind. 
Topeka, Kans. 
Baltimore, Md. 
Boston and Fitchburg, Mass. 
St. Louis Park, Minn. 
St. Louis, Mo. 
Fremont and Omaha, Nebr. 
Perth Amboy, N.J. 
Depew, N.Y. 
Cincinnati and Cleveland, Ohio. 
Portland, Oreg. 
Pittsburgh, Pa. 
Dallas and Houston, Tex. 
National Metal & Smelting Co., Fort Worth, Tex. 
North American Smelting Co., ‘Wilmington, Del. 
Price Battery COP Hamburg, Pa 
Revere Smelting Refining Co., Newark, N.J. 
Schuylkill Products Co., Baton Rouge, La 
Southeastern Lead Co., Tam Se Fla. 
Southern Lead Co., Dallas, 
ee States Smelting Lead Reñnery, Inc., East Chicago, Ind. 
man Viener & Sons, Richmond 
Western Lead Products Co., City di 1 Calif. 
Winston Lead Smelting Co., Winston-Salem, N. C. 


Refined Lead Primary and Secondary. Domestic primary lead 
smelters and refineries produced 451,100 tons of refined lead and 
33,200 tons of lead in antimonial lead. Lead content of primary raw 
materials consumed for this production was 503, 800 tons, and that 
of scrap was 8, 800 tons. 

Domestic ores were the source of 64 percent of the refined lead 

roduced from primary sources; in 1960 this percentage was 60. 
oreign ores año bullion supplied the remainder. 

Primary lead smelters also produced 1,569 tons of refined lead from 
scrap, and secondary smelters 139,100 tons of lead metal from scrap. 
Refined and lila produced. from all sources was 590,200 tons. 

Antimonial Lead—Primary and Secondary.—Antimonial lead pro- 
duction at primary and secondary smelters was 245,300 tons with a 
TABLE 6.—Refined lead produced at primary refineries in the United States, by 


source material 
(Short tons) 


1952-56 1957 1958 1059 1960 1961 
(average) 


Refined lead: 
From primary sources 
pone oS and. base bullion...| 340,792 | 347.67 269.082 | 225.270 | 228,899 288. 078 


Foreign ores...................... 148, 821 185, 798 200, 299 115, 616 153, 537 161, 487 

Foreign basa bullion.............. 171 60 775 TT Neate cet 

M/ ĩ˙ AA 489, 784 533. 533 470. 156 340, 931 382. 436 449, 565 

From secondary sources 4, 099 3, 263 2, 338 1, 194 4, 776 1, 569 

Grand total. 493, 883 536. 796 472, 494 342, 125 387, 212 451, 134 

Average sales price per pound..| 80. 147 $0. 143 $0. 117 $0. 115 $0. 117 $0. 103 
Calculated value of primary refined lead 


thousands !..| $143, 996 | $152, 590 | $110,017 | $78,414 | $89, 490 $92, 610 


1 Excludes value of refined lead produaxd from scrap at primary refinerles. 
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lead content of 230,500 tons; 33,200 tons from primary smelters, and 
197,300 tons from secondary smelters. Scrap was the source of 25 
percent of primary smelter output (mostly battery-lead plates); 39 
percent came from domestic ores, and 36 percent came from forei 
ores. Battery-lead plates accounted for 61 percent of the total lead- 
base scrap melted, and the major product from smelting scrap was 
antimonial lead. 

Other Secondary Lead.—Lead-base, copper-base and tin-base scrap 
were the source materials for recovering 452,800 tons of secondary 
lead, a 4-percent decrease from that of 1960. Secondary lead 
smelters recovered 91 percent of the total in 230 plants; primary lead 
smelters 2 percent in 4 plants; and manufacturers, foundries, and 
secondary copper smelters, 7 percent. 


TABLE 7.—Antimonial lead BEE at primary lead refineries in the United 
tates 


Antimony content 


Lead content by difference (short tons) 


Produc- 
Year (Short Bhort From From 
tons) tons Percent | domestic| foreign scrap Total 
ore ore 

1952-56 (average) 62, 264 8, 099 8, 060 42, 234 58. 393 
Oy) RIA A A AA 67, 786 10. 271 9. 599 44, 852 64, 722 
1858. EE 50, 246 8, 256 B. 190 30, 997 47. 443 
117·%é⁴ũ⁵⁵¹ ͤ eas eames 37. 487 6, 447 5, 955 23. 161 35. 563 
NOOO A A E 30. 230 : : 1. 216 1, 169 26, 270 28. 655 
Geer 1 ; : 12. 988 1 8, 33, 186 


TABLE 8.—Stocks and consumption of new and old lead scrap in the United 
States in 1961 
(Short tons, gross weight) 


Class of consumers and type of scrap Stocks 
Jan. 1! 


Smelters and refiners: 


RI: Lo ³ðͤ ee ee 8, 479 
Hard Was ee a cote whens 952 
Cable lead `, 1, 654 
Battery-lead plates 18, 102 
Mixed common banbbitt,., 1,144 
Solder and tinny lead 434 
Type metals 1,7 
Drosses and residues.................. 18, 052 
TOTAL: a a ]. 45, 611 
Foundries and other manufacturers: 
A A A 91 
Hard lead Z—w 2... cL Lc cs casser. 181 
Cable lll 86 
Battery lead pla tes 55 
Mixed common babbitt 271 
Solder and tinny lead................. 4 
% EE, AN EA It!. 8 
Drosses and residues.................. 328 
Totals... c cl o uu ML tt aiat 1. 016 
Grand total: 
Bel lead e soe ce Seow ec ee dua 3. 570 
Hard ð̊]ſ ĩðVöu tere ec 1. 133 
Cable eil Qo maman 1. 740 
Battery dead plates... 18. 157 
Mixed common babbltt Aw s. 1. 415 
Solder and tinny lead................- 438 
Pest 8 1. 791 
Drosses and residues 18. 380 


—— —— — —2——— —U—— —ePLU—ü— — 
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TABLE 9.—Secondary metal recovered! from lead and tin scrap in the United 
States in 1961. by type of products 
(Short tons, gross weight) 


Lead Tin Antimony Other Total 
Refined pig lead........................... 110.402. MAA cette eos DE 110. 422 
CCC 7117 ³⅛· 30. 247 
zz A E 140 8 % A A 140. 669 
Refined pig tin g—•)̃W:i. l eee 23,018 AA RG 3,016 
l. ĩðù EA // ͤ K 
Total ARA ĩ⅛ð5ꝛ (y y ees %%% 8 3, 363 
Lead and tin alloys: 
Antimonial leade 205, 569 435 218, 660 
Common dbabbitt—ꝛ- lll... 14, 715 830 17, 388 
Genuine babbitt— 57 322 424 
Boller uz e ee ORd EE 23, 264 5, 395 29. 045 
Type metals. 30, 362 1,757 36, 687 
Cable lead — eee eee ee 24, 726 55 244 25. 025 
Miscellaneous alloy. 1. 209 531 1. 970 
// ²˙¹AAA an 299, 902 9, 325 329. 199 
SSS E SE oo ZS LH 
Composition AAA A A ß A DEE 
Tin content of chemical products..........|............ / 1, 144 
Grand total......................... 440, 571 13, 832 474, 375 
1 Most of the figures berein represent actual reported recovery of metal from scrap. 
TABLE 10.—Secondary lead recovered in the United States 
(Short tons) 
1952-56 | 1957 1958 1961 
(average) 
As refined metal: 
At primary plants. 4. 099 8, 263 2, 338 1, 194 4, 776 1. 569 
At other plants 125, 580 | 123,308 | 113,719 | 124,185 | 143, 443 139, 100 
TOM EE 129, 679 126, 571 116, 057 125, 379 148, 219 140, 669 
In antimoníal lead: i NM 
At primary plants 42. 235 44, 852 30, 997 23. 161 26, 270 8, 220 
At other plants. 197, 491 195.299 | 151,956 | 181.185 179, 217 197, 349 
r 239. 726 240. 151 182,953 | 204.346 | 205. 487 205. 569 
In other alloys . 120, 147 122, 507 102, 777 121, 662 116, 197 106. 554 
— — — | 
Orand total: 
Jun JJ A 489,552 | 489.229 | 401.787 451. 387 469. 903 452, 792 
alue (thousands) $143, 957 | $139, 919 $94, 018 | $103, 819 | $109, 957 $93, 275 


TABLE 11.— Lead recovered from scrap processed in the United States, by kind 
of scrap and form of recovery 
(Short tons) 


Kind of scrap 1960 1961 Form of recovery 1960 1961 

New scrap: As soft lead: 
Lead-hase................... 55, 856 56, 808 At primary plants....... 4. 776 1, 569 
Copper- base 5, 214 4, 981 At other plants 143, 443 139. 100 
Tin-base 436 465 — . — 
— — Ve d EE 148, 219 140, 669 
Total. 2 EE A ANEA 61, 506 62, 254 === DE 
=|] Inantimonial lead 1... 205. 487 205. 569 
Old scrap: In other lead alloys 101. 258 94, 276 
Battery-lead plates 255. 879 240. 896 In copper- base alloyS........ 14, 827 12, 221 
All other lead-base.......... 134. 011 132, 495 || In tin-base alloys 42 57 
5 F 18. 502 17, 142 —— 
- 333 5 5 !! ex eRERESX 321. 684 312. 123 
Toll. 408. 397 390. 538 Grand total..........- 469, 903 452, 792 

Grand total 469. 903 | 452. 792 


1 Includes 26,270 tons of lead recovered in antiinonlal lead [rom secondary sources at primary plants in 
1900 and 8,220 tons in 1961. 


776 MINERALS YEARBOOK, 1961 


CONSUMPTION AND USES 


According to the Federal Reserve Board, industrial activity, which 
had declined steadily through 1960, began 1961 on a low ebb and rose 
consistently all year to a December level 13 percent higher than the 
Ee yearend; however, lead metal production was comparatively 

igh for the first 4 months, decreased markedly during the second 4 
months, and then rose substantially in the last 4 months. Producer 
stocks increased sharply during the first months, decreased during 
midyear, then rose again during the last 4 months. Total production 
increased 8 percent over 1960 to 927,300 tons, consumption increased. 
slightly to 1,027,200 tons, producer and consumer stock inventories 
rose 4 percent to a new high of 361,200 tons, and prices dropped to a 
15-year low in November because of an imbalance between production 
and consumption. Consumption decreased for 15 of the 25 major 
uses tabulated by the Bureau of Mines. Lead consumption in three 
of the largest uses increased over 1960 as follows: batteries, 4 percent; 
eiae lead, 4 percent; and calking lead, 1 percent. Use in red 
lead and in cable covering decreased 4 and 5 percent, respectively. 


Soft lead, primary and secondary, accounted for 65 percent of the 
total consumed, 26 percent was lead content of antimonial lead, 4 
percent was lead in alloys, 1 percent was lead in copper-base scrap, 
3.5 percent was lead content of scrap that went directly to an end 
pou and 0.5 percent was lead recovered from ore in producing 
eaded zinc oxide and other pigments. Consumption varied greatly 
in the first 7 months from a low of 72,300 tons in July to a high of 
89,700 tons in May, showing no distinguishable trend. Consumption 
in the last 5 months was unusually constant, varying only from & 
low of 89,700 tons in September to a high of 93,500 in October. 


Of the lead consumed during the year, 71 percent was used in metal 
products of which the major item was storage batteries using anti- 
monial lead for grids and posts and soft lead for oxides (36 percent of 
all lead consumed). "Tetraethyl lead, 98 percent of the chemicals 
classification, accounted for 17 percent of total lead consumption. 
Lead pigments accounted for 9 percent of lead consumption, and 76 
E of that was for the manufacture of red lead and litharge. 

atteries and tetraethyl lead were related directly to the auto- 
mobile industry; together they represented 53 percent of total lead 
consumption. 


The Association of Battery Manufacturers, Inc., reported ship- 
ments of 28,276,000 units of replacement batteries or 7 percent more 
than in 1960, almost 3 percent more than the previous bettery ship- 
ment record in 1959. 

Nine States accounted for 73 percent of the total lead consumed 
(excluding scrap), as follows: New Jersey, 15 percent; Louisiana and 
Texas together, 13 percent; California, 10 percent; Illinois, 10 percent; 
Indiana, 9 percent; Pennsylvania, 6 percent; Missouri, 5 percent; and 
New York, 5 percent. 
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TABLE 12.—Lead consumption in the United States, by products 


(8hort tons) 
Product 1960 1961 Product 1960 1961 
Metal products: Pigments—Continued 
Ammunition. ............ 43, 577 45, 837 Pigment colors 11, 445 11, 273 
Bearing metals 20, 717 17. 757 Gr 3, 763 3, 914 
Brass and bronze. ......o.- 20, 485 20,11 — — 
Cable covering 60, 350 57. 458 Total... ases cs 98, 54] 94, 824 
Calking lead 66, 527 67, 379 €__ _— QQ | —_—_ 
Casting metals 7,023 6,873 || Chemicals: 
Collapsible tubes......... 8, 705 11, 220 Tetraethyl lead.......... 183, 826 169, 802 
!! 3, 684 2, 968 Miscellaneous chemicals.. 2, 806 2, 588 
Pipes traps, and bends...| 22,119 19, 098 — > ____ 
Sheet lead 26, 607 28, 102 KW 166, 532 172, 390 
Solder E ee 60, 013 64, 838 | === 
Storage batteries: Miscellaneous uses: 
Antimonial lead...... 175, 458 186, 028 Annealing..... aos 5,153 5,066 
Lead oxides.......... 177, 738 181, 970 Galvantizing.............. 1, 383 1, 444 
Terne metal 1, 765 965 Lead plating............. 218 243 
Type metal.............. 28, 159 26, 693 Weights and ballast...... 9, 045 8, 890 
Total 722, 927 727,900 ||... Total. aere e no 15, 799 15, 643 
Ge Other, unclassified uses....... 17, 273 17. 059 
en bd | nn 
White lead............... 8, 432 7,615 Grand total 2. 1, 021, 172 | 1,027,216 
Red lead and litharge.....| 74,901 72,022 


Includes lead content of leaded zinc oxide and other pigments and chemicals. 
2 Includes lead which went directly from scrap to fabricated products. 


TABLE 13.—Lead consumption in the United States, by months 


(Short tons) 

Month 1960 1961 Month 1960 1961 
January.................. 86, 781 83,579 || Augu ge 90, 069 91, 150 
February 84, 563 79,584 || September 86. 040 89, 735 
Mark 91,055 83. 266 October e 85, 806 93. 504 
ROM AAA 83,011 78. 201 November 83, 022 90, N20 

BY EE 90, 321 89.679 || December 77, 263 89, 664 
1³ĩ⁊—ürð ͤ 8 87. 197 86. 520 — — . — 
/// do 75, 444 72, 312 Tota KEE 1, 021, 172 1, 027, 216 


1 Includes lead content of leaded zinc oxide and other pigments and lead which went directly from scrap 
to fabricated products. 


TABLE 14.—Lead consumption in the United States in 1961, by class of products 
and types of material 


(Short tons) 


Lead in Lead in Lead in 


Product Soft lead | antimonial alloys copper- Total 
lead base scrap 

Metal products 198. 017 74. 175 36. 957 14. 515 323, 684 
Storage batteries................-...------- 186. 030 181. 954 14 EE 357. 998 
jj secs 90. 609 128 EA A 91.035 
Spee... eege ·˙ k OMA 171. 921 
Miscellaneous 9. 390 6. 161 N 15. 643 
Unclassifl ed. 13. 778 1, 484 853 |............ 16. 115 
TOM BCEE 670. 045 263. 900 37, 916 14, 515 ! 986, 376 


1 Excludes 36.583 tons of lead that went directly from scrap to fabricated products and 4,257 tons of lead 
contained in leaded zinc oxide and other pigments and chemicals. 
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TABLE 15.—Lead consumption in 1961, by States ! 


(Short tons) 


Lead tn Lead in 
antimonial 


CaO edel 902 97.971 
COIOtBdO. codicia . 809 3 610 
Sonnen -2-2-2 - 285 27.003 
District or Columbla...................... 78 TUE 111 
Fl! ³ĩVi md A 1.888 | | 33460 |............]......-..... 5.348 
TINO eg 58. *30 97. &38 
reese ee 51. 526 86. 193 
(eh E AAA A 7. 176 17. 876 
Nenne 6} 3 161141 |  3]............ 3,170 

5.843] 13 38 509 19, 650 
Massachusetts y 11. 046 
Nei IN ee eee 24.373 
RE EE aras 52.021 
Nebraskaůůaaaaaaa 2l ell lll llle eee 13 075 
INOW J OISOY EE 144. 693 
New York AAA 48. 678 
Ollos A ß ĩ .... 8 19. 783 
Pennsylvanla z 2 eee 58, 714 
Rhode Island ma— w:ů ᷑ꝶftt 2... Ll. 2. 956 
Fenn ese 2 8. 596 
MFC ³·WA touas aaa 4. 782 
Washinvton.............-......-........-..|] 7,830 | 41. 220 12.050 
West Virginia.............................| 13,841 | 4.450| |  .2|............ 18. 323 
W ISCOQSIO cocer A 3.978 
Alabama. Georgia, and Mississippi. ...... 40. 933 
Arkansas and Oklahoma E 5, 760 
Hawaii and Orecon 3, 365 
Iowa and Minnesota 159 8, 799 
Louisana and Texas 339 128, 243 
Montana and Idaho 7k: %%% -e: ER 9.235 
New Hampshire, Maine and Delaware 571 3. 497 
North and South Carolina 111 IMA 2, 938 
Utah, Nevada, and Arizona............... DSO Veet ecco 8 686 
Undistributed................... 2. l.l... 608 5 1. 022 

ac Ro y 8 6:0, 045 263, 900 37, 916 


1 Excludes 35,583 tons of lead which went directly from scrap to fabricated products and 4,257 tons of lead 
contained in leaded zinc oxide and other nonspecified pigments. 

3 Included with “Undistributed” to avoid disclosing individual company confidential data. 

3 The following States are grouped to avoid disclosing individual company confidential data. 


LEAD PIGMENTS * 


Production of lead pigments declined slightly in 1961. Activity 
of major lead-pigment-consuming industries varied as follows: Pro- 
duction of automobiles and trucks decreased 15 percent, the value of 
public and private construction increased less than 1 percent, paint 
sales decreased slightly, production of natural and synthetic rubber 
decreased 5 percent, and lead battery production rose 2 percent. 

Production.—Lead consumed by manufacturers to produce lead 
pigments was 270,300 tons, compared with 268,000 tons during 1960. 

All the white lead, red lead, and litharge pigments as well as the 
147,100 tons of black oxide were made from refined lead and repre- 
sented 99 percent of the 270,300 tons of lead used. The remainin 
1 percent was consumed in the form of lead ore to produce lead 
zinc oxide. Basic lead sulfate production is withheld to avoid dis- 
closing individual company confidential data. Lead silicate, a 
derivative of litharge, 1s included with litharge. 


4 prepared Uy Richard N. 8pencer, commodity specialist, and Esther B. Miller, statistical assistant, 
Tor. “on 0 erals. 
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Consumption and Uses.—White Lead.—Shipments of white lead 
decreased 10 percent. The paint-making industry used 74 percent 
of the white lead, and the ceramic industry used 1 percent. A sub- 
stantial part of the remaining 25 percent was used also in the paint 
industry; however, other uses for white lead were in chemicals, 
greases, plasticizers and stabilizers for plastics. 

Basic Lead Sulfate.—Most lead sulfate was used in making leaded 
zinc oxide, but to avoid disclosing individual company confidential 
data, production figures are withheld. 

Red Lead.—The paint industry used 56 percent of red lead con- 
sumed, compared with 57 percent in 1960. Other uses were in 
colors, lubricants, petroleum, rubber, and miscellaneous categories. 

Orange Mineral.—No consumption was reported. 

Litharge.—To avoid disclosing individual company confidential 
data, & large percentage (79 percent) of litharge QD. to industry 
is found in the group classification “Other.” Within other uses, 
battery makers were the largest consuming group; chemicals, chrome 
pigments, driers, floor 5 friction material, ink, insecticides 
and miscellaneous accounted for the remainder. Battery makers 

roduced 147,100 tons of leaded litharge, known to the trade as 
black oxide or gray suboxide; this black oxide forms the basis of 
the lead paste filling for the interstices of battery plates. 

Prices.— The quoted price of white lead ranged from 18 cents 

er pound ($360 & ton) down to 16.5 cents ($330 & ton) in carlots 
in 1961. The average value of shipments of dry white lead was 
$419 a ton, up $11 from 1960; white lead in oil averaged $470 per 
ton, up $15 from 1960. The quoted price of red lead ranged from 
14.75 cents per pound to 13.75 cents, or $295 a ton to $275 a ton, 
in less than carlots; the average value of red lead shipments de- 
creased $10 to $292 a ton. The quoted pace of litharge ranged 
from 14.25 cents to 13.25 cents per pound, or $285 to $265 a ton, 
in less than carlots; average value of shipments decreased $32 to $241 
per ton. 


TABLE 16.—Production and shipments of lead pigments! in the United States 


1961 


Shipments Shipments 


Value ? 


Red lead. 
Litharge............. 
Black oxide.......... 


t Except for basic lead sulfate, figures withheld to avoid disclosing individual company confidential data. 
2 At plant, exclusive of container. 
3 Weight of white lead only, but value of paste. 
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TABLE 17.—Lead content of lead and zino pigments! produced by domestic 
manufacturers, by sources 


(Short tons) 
1960 1961 
Lead in pigments Lead in pigments 
produced from— produced from 
Pigment Total Il Total 


Litharge H 4 
Black oxide 44 
Leaded zinc onde. 


ub 1 lead in basic lead sulfate; figures withheld to avoid disclosing individual company confiden- 
ata. 


TABLE 18.—Distribution of white lead (dry and in oil) shipments,! by industries 


(Short tons) 
Industry 1952-56 1958 1959 1960 1961 
(average) 
Palnts...................-.-.. 20, 659 15, 288 15, 148 14, 145 12, 086 
Ceramics 6 258 243 219 141 
O 4, 592 3 2, S04 3 3, 833 3 3,578 3, 996 
rr Se 25, 945 18, 360 19, 224 17, 942 16, 223 


1 Excludes basic lead sulfate; figures withheld to avoid disclosing individual company confidential data. 
3 Figures for plasticizers and stabilizers withheld to avoid disclosing individual company confidential data. 


TABLE 19.—Distribution of red lead shipments, by industries 


(Short tons) 
Industry 1958 1959 1960 1961 
pire hina dd RN 13, 726 65 098 Y 903 12, 895 
E 
nde ee 6 8 328 8 
aM pte C 8, 266 9, 807 9, 400 9, 061 
ef ³˙· 2¹, 992 21, 905 22, 631 22, 856 
1 Included with Other.“ 
TABLE 20.—Distribution of litharge shipments, by industries 
(Short tons) 
Industry 1952-56 1957 1958 1959 1960 1961 
(average) 

Ceramics. .................... 19, 585 18, 071 ( 15, 840 15, 753 14, 393 
Chrome plgments............. 6, 223 8, 955 781 4, 682 q 
Floor covering 8 d 8 d) 0 0 
Insectiel des 1 1 ( 1 1 t 
OU refining. .................. 8, 915 359 2, 598 , 096 2, 371 2, 147 
Rubber rr 2, 064 1, 298 1, 247 1, 808 1, 1, 243 
Storage batteries.............. 93, 680 ( à (1) (! () 
Varnſs 4. 485 227 223 4. 725 471 3, 304 
OD ee eege 13, 094 76, 878 81, 366 76, 362 5, 71,778 

o 143, 046 106, 788 92, 165 106, 013 98, 640 98, 950 


t Included with “Other.” 
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Foreign Trade.—Imports of lead pigments and salts increased 8 
ercent in value and 15 percent in quantity, compared with 1960. 
mports of white lead increased 25 percent over 1960, red lead imports 

decreased 15 percent, E imports increased 15 percent, no im- 
ports SESCH in the classification “other lead pigments,” and im- 
ports of other lead compounds increased 45 percent. 

Exports of lead pigments increased 8 percent in value and 9 percent 

in quantity, compared witb 1960, while exports of lead arsenate 
decreased 48 percent in value and 51 percent in quantity. 


TABLE 21.—U.S. imports for consumption of lead pigments and compounds 


Source: Bureau of the Census. 


TABLE 22.—U.S. exports of lead pigments and compounds 


1960 1961 
Kind 
Short Value Short Value 
tons (thousands) tons (thousands) 
Lead pigments 1 2,118 $705 2, 302 $764 
Lead enn eg E deeg 944 355 464 183 
hd WEE 3, 062 1, 060 2, 766 947 


1 Includes white lead, red lead, and litharge. 
Source: Bureau of the Census. 


STOCKS 


Stocks of refined lead at primary producing plants increased 
substantially through April; then a decline began, continuing from 
May through August. Án increase in stocks that began in September 
continued through the remainder of the year; the net increase of 
refined lead stocks at yearend amounted to 46,800 tons. Total 
yearend stocks, representing physical inventories at plants irrespective 
of ownership but not including material in process or in transit, were 
262,100 tons compared with 250,100 at the close of 1960. 

Stocks reported by the American Bureau of Metal Statistics showed 
an additional 19,700 tons of bullion was in process at, or in transit to, 
refineries, and about 26,300 tons of ore was in process at smelters— 
making a total of 308,100 tons of primary raw materials in stocks at 
these plants. 


782 MINERALS YEARBOOK, 1961 


Consumer and secondary smelter stocks of lead decreased from 
97,300 tons on December 31, 1960 to 94,800 tons on March 31, in- 
creased to 106,400 tons on June 30 and to 107,700 tons on September 
30, then dropped to 99,100 tons on December 31, 1961. The yearend 
stocks were 2 percent more than in 1960. 

On December 31 the total lead inventory of all Government stock- 
piles was 1,302,000 tons including 1,050,000 tons in the national 
(strategic) stockpile, and 244,000 tons in the CCC and Supplemental 
stockpiles. Government lead stockpile inventories on December 31 
were 355.2 percent over maximum stockpile objectives. 


TABLE 23.—Stocks of lead at primary smelters and refineries in the United 
States, Dec. 31 


(Short tons) 


Stocks 1952-56 1957 1958 1959 1960 1961 
(averuge) 
Refined pie lead.............. 45, 495 74. 194 176. 098 107, 683 148. 415 195, 200 
Lead in antimontal lead....... 11. 695 11. 079 11.811 11. 361 10. 483 10. 354 
Lead in base billion 13. 734 8, 855 9. 485 12. 840 26. 025 16. 978 
Leud in ore and matte 39. 096 49, 788 36, 896 39, 195 65, 219 39, 570 
FS!!! 110. 020 143, 916 234, 290 171, 079 250, 142 262, 102 


TABLE 24.—Consumer stocks of lead in the United States, Dec. 31, by types of 
material 


(Short tons, lead content) 


Refined | Antimonial| Lead in Lead in 


Year * Soft lead lead alloys  |copper-hase Total 
scrap 
A ³ A ⁵ĩ E E 80. 708 39, 375 651 1, 576 129, 310 
I)! 76. 924 37. 511 7,056 1, 409 22, 
p Se wee at ³ĩ6¹5A ü ⁵ĩð ĩðͤ 80, 277 38. 688 6, 435 1, 096 126, 496 
A 8 40, 725 39, 230 216 1, 097 97, 
LI EEE EI ³ Ad A 951 33, 633 1. 258 99, 140 


TABLE 25.—Average monthly and yearly quoted prices of lead at St. Louis, 
New York, and London ! 


(Cents per pound) 
1961 
Month 
London! | Bt. Louis | New York | London? 

Januar e eee 9. 35 10. 80 11. 00 7.99 
Febr. Se 9. 24 10. 80 11. 00 8.17 
EC EE 9. 55 10. 80 11.00 8. 24 
ADEL A uae eee 9. 72 10. 80 11. 00 8. 38 
7J77ͤ •:;„õæñ LE d 9. 70 10. 80 11. 00 8.31 
Nr. EEN 9. 18 10. 80 11. 00 8. 06 
r aaa nai 8. 93 10. 80 11.00 8 07 
Auguyuũ wu GE el 8. 90 10. 80 11.00 8. 09 
Septem ber... .....-..-.....---- 8.78 10. 80 11.00 8. 03 
October 8. 44 10. 80 11. 00 7.87 
November 8. 56 10. 01 10. 21 7.50 
December. 8. 14 10. 05 10. 25 7.58 
Average 9. 04 10. 67 10. 87 8.03 


1 8t. Louis: Metal Statistics, 1962, p. 469. New York: Metal Statistics, 1962, p. 463, London: E&MJ, 
Metal and Mineral Markets. 
3 Based on monthly rates of exchange by Federal Reserve Board. 
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PRICES 


The quoted New York price for common lead was 11 cents a pound 
on January 1. This price held firm until November 1 when the 
price dropped to 10.5 cents per pound, on November 13 it dropped 
again to 10 cents, and on November 28 made a small gain to 10.25 
cents, a price remaining in effect the remainder of the year. The 
average sales price for lead in the United States during the year 
was 10.3 cents per pound. 

Quotations on the London Metal Exchange ranged from a high of 
£68.25 per long ton on May 9 (equivalent to 8.51 cents per pound 
U.S. currency—computed on the average monthly rate of exchange) 
to a low of £57.50 (7.23 cents per pound) on November 14. The 
quotation on December 29 was £60.25 per long ton (7.56 cents per 
pound), and the year average was £64.21 (8.03 cents per pound). 


FOREIGN TRADE 


Imports.—General imports of total lead were 14 percent more 
than 1960. Imports for consumption were 391,200 tons, an increase 
of 9 percent over 1960. Import quotas were filled for ore and con- 
centrate, pigs, bars, and base bullion. Pigs and bars accounted for 
63 percent of imports for consumption, ores and concentrates 35 

ercent, and scrap and bullion 2 percent. Mexico, Australia, Canada, 

ugoslavia, Peru, and Spain, in that order, were the major suppliers 
of lead metal. The major suppliers of ores and concentrates were 
Peru, Canada, Union of South Africa, Australia, Bolivia, and 
Guatemala. 

Exports.—Total lead exported was more than double that of 1960, 
amounting to 11,700 tons. All classes of exports increased sub- 
stantially with scrap about double and ore, matte, and base bullion 
about three times that of 1960. 

Tariff. —Import duties on pig lead and lead content of ores and 
concentrates remained unchanged at 1)s cents and 3 cent a pound, 
respectively. Duties on scrap were the same as on pig lead. 


TABLE 26.—U.S. imports ! of lead, by countries 
(Short tons, lead content) 


Country 1952-56 1957 1958 1959 1961 
(average) 
Ore, flue dust, and matte: 

North America: 
Cane EE 31, 133 25, 193 22. 270 32, 226 34, 361 
Greenland e eese e  |- ---...... A F ² A 8 
Guatemala 4. 982 8. 965 5. 019 153 9, 817 
Hondurxas........................-. 809 2, 955 3, 581 3, 639 5,512 
MEXICO EEN 2,835 3, 835 1, 786 489 1, 166 
Other North America............- 27 113 45 105-]Iuccoroueoc|iasaes cuis 
Toto a eebe 40,786 | 41,061 [( 37. 977] 36,702 50, 856 

¡OE € —— —— 

South America: 
A 16, 678 18, 319 14,715 11, 221 A 11,370 
JJ A O 1, 448 35 36 113 610 
Colombia U U 521 1 841 670 722 
OM EE A A 39, 837 55, 756 70,757 30,777 28, 970 
Other South America 110 1,078 1 63} 10334225 
"POUR EE 58, 594 75, 189 86, 835 48, 734 41, 672 
Europe 229 6⁴ 246 221 300 
E "“_O OSS mr OO eS 


See footnotes at end of table. 
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TABLE 26.—U.8. imports! of lead, by countries—C ontinued 
(Short tons, lead content) 


Country 1957 1958 1959 1960 1961 
Or 15 dust, and matte Continued 
= D hittppines 3 78³ 1. 169 310 2 228 238 
Otber AS ia 246 317 25 S 
fr! AC ee cen 1. 029 1. 486 335 2732 238 
Africa: 
NA 5 8 36, 238— 
Union of South Africa 43, 916 49, 215 27, 879 39, 352 34, 089 
Other Africa. ......... -.-........- 25] A: EE PEN AS é 
otal EE 43, 941 49, 216 27,879 | 244, 590 34, 089 
Oceania: Australla............-..----- 36, 995 25, 839 24.963 | 218, 299 20, 031 
Total ore, flue dust, and matte 198, 479 201. 599 138, 834 | ? 145, 692 147, 186 
Base bullion: 
North America —— «é 207 [........-- 8 34 254 362 
South America 84 452 46 39 60 
Europe ( ` [p..---.---.|----------.|----------|---------- (4) 
ASG coin A A A !; v pt è 
Total base bullian.........-...----- 84 460 80 293 422 
Pigs and bars: EE 
North America: 
lee... 28, 607 40, 926 41, 533 26, 088 84. 717 
Mee EE 102, 504 | 122, 864 86, 827 69, 930 81, 328 
Other North Amerlca............. (0 - `. PA 324 9 
Tee 131,111 | 163,790 | 128,684 96, 027 136, 048 
South America: O: AA 
POR A sens 34, 999 42, 473 29, 311 25, 197 26, 195 
Other South America 1, 601 146 E, Sees 8 
Total: eer ée 36, 600 42,619 29, 311 25, 197 26, 195 
Europe: 
BHelzlum- Luxembourg 1. 852 5, 872 1, 503 610 |.......... 
Germany, Wesꝶ z 1. 550 3, 118 2, 893 551 842 
PII ³ĩðâ 3. 119 14. 237 9. 395 4, 115 8, 529 
nited Kingdom 2, 666 8836} 988 7... 
Yugoslavia. ota as 40, 262 36, 789 32,731 30, 027 30, 347 
Other Europe............-.......- 2, 584 2, 139 4, 872 1,388 |.......... 
x4 Totál Leod ³ A 8 52, 033 70, 991 52, 382 36, 698 39, 718 
Qn ]VOA... A lll E EN onc 
Africa: Moroceo . «õ y 9, 018 10, 537 8 5, 384 8 1,328 |.......... 
Oceania: Austrulia.........-.-........ 95, 517 80, 515 47,655 46, 783 54, 891 
Total pigs and bars 76 | 324,279 | 368,452 | 263.416 | 206,033 | 256,852 
rr r 
Reclaimed, scrap, ete.: 
North Aincríca: 
WT TE 2, 558 1, 908 2, 251 4, 059 1, 441 
777 2. 583 1, 939 1, 293 1, 054 2, 204 
Other North America 652 420 245 160 45 
/. ³ð A 8 5. 793 4, 267 3, 789 5, 273 3, 780 
A EH 
South America: 
POI A E 4 48 48 
ie ð ĩ IA AAA ² o EE? 
Other South America 1 ST EG 
f oð⅛ů 1⅜l. xe 57 48 1 A 
Europe: 
Beleium- Luxembourg 1792 / AAA VE s 
Dein 8 ITT. ⅛˙Ü¹iuuq DEE 
Germany, West 22222 108 1. oe 1 E 
Nein; ddp ͤ MT... EE 
Other Europ. S 1 4 2 
Tti. oe ] ee passes 284 7 1 5 2 
P—— El SEE ==, 5 ee 


See footnotes at end of table. 
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TABLE 26.—U.8. imports! of lead, by countries—Continued 


(Short tons, lead content) 
Country 1952-56 1957 1958 1959 1960 1961 
(average) 


— — — A0 | commence | E | — -¼-—½ 


Reclaimed; scrap, etc.—Continued 
a: 
Japan (including Nansei and 


Nanpo Islands) TT oe 19 18 S 
Other Asia J ³⁰˙ðù Au. ³ 
Total 161 |.......... 19 18 3 

Fir A J.! / ³ ³ A Ai A EE 
Australllaa . 1,389 3,079 2,229 4, 351 2,355 1, 160 
Other Oceanis EE, 8 AAA RO PA [ss EE 
oa iris 1. 476 3,070 2.229 4,351 | 2,355 1, 160 
Total reclaimed, scrap, eto 12.950 9,213 6,57 8,279 | 7,638 4, 942 
Grand total.. 513,142 | 532,055 | 577,081 | 410,609 |3350,656 | 409. 402 


! Data are general Imports; that is, they include lead imported for immediate consumption plus material 
entering the country under bond. 

2 Revised figure. 3 French Morocco before Jan. 1, 1957. 4 Less than 1 ton. 

8 Includes 90 tons from Northern Rhodesia in 1952-56 (average) and from the Federation of Rhodesia 
and a inel 1,052 tons in 1959, and 224 tons in 1960. 

* Includes materíal classified by the Bureau of the Census as being from Algeria but belleved by Bureau 
of Mines to be from French Morocco. 


Source: Bureau of the Census. 


TABLE 27.—U.S. imports for consumption ! of lead, by countries 


(Short tons) 
Country 1952-56 1957 1059 1960 1961 
(average) 
Ore, flue dust, and matte (lead content): 
North America: 
Candida... codo A ce Euh 29, 334 30, 302 28, 633 27, 944 31, 519 
Groenland. AA A A o DOPO AAA PA com ees 
Guatemala 4, 121 12. 129 157 1, 519 5. 527 
Honduras. 1. 169 6, 108 3, 649 4, 457 4, 803 
Mei 2, 404 6, 602 627 943 1, 060 
Other North America 95 16 A A 
f 37. 123 55, 157 33. 074 34, 863 42, 909 
South America: 
Bolivia S ees E Ea KC a 14, 002 14, 874 10, 822 10, 581 10, 470 
LN TEE 4, 696 1,758 113 27 
Colombía........................- 1, 000 370 628 514 
EE ere deet 36, 776 60, 506 38,872 | 233,571 32, 318 
Other South America 20 67 1 
po RARA ss 56, 066 68, 814 115, 931 50,233 | 244,910 43, 703 
u A 213 ee 21 107 „FF; 
Philippines 2, 489 816 1, 169 203 2 187 380 
Other Asla ee ee 104 308 311 25 3 
ToU. A 2, 593 1, 124 1, 480 318 $614 380 
Morocco 4..........--------------- B26 A eset APO 1 6,238 
Union of South Africa. ........... 28, 024 65, 289 37, 993 28, 939 30, 784 29, 736 
Other Africa. 37 25 1 / AA ( 
Pr ˙¹ꝛiↄ me iui E rus 28, 587 65, 314 37, 994 30, 760 | 3 36,022 29, 736 
Oceanta 
Australía........................- 19, 074 44, 207 22, 034 20, 804 20, 132 
Other Oceani. ñ ᷣ ð ⁵ UT w E Ease A 
r! A 8 19. 106 44, 207 -33, 829 22,034 20, 894 20, 132 


Total ore, flue dust, and matte..| 143,688 | 234,61 IEZA 136, 526 | 2 137, 303 136. 860 
See footnotes at end of table. — 
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TABLE 27.—U.S. imports for consumption! of lead, by countries—Continued 


(Short tons) 
Country 1952-56 1957 1958 1959 1960 1961 
(average) 
Base bullion (lead content): 
North America 209 |.........- 8 34 254 134 
South America 10 25 408 1. een em 39 102 
A A — Dit, VE A E E @) 
S ³¹¹ AAA AA !!!. Ayddſſ . 8 
Ocean //§ĩ?êð⁵Ü.0—.æ˙ͥ A A ze PA IAS p PA 
Total base bullion.................- E3 25 416 34 293 236 
Pigs and bars (lead content): 
North America: 
Canada. rc 52, 818 28, 607 40, 926 41, 478 26, 154 54, 902 
Meri cc ocwewdewewse es 113, 968 90, 208 117, 938 82,762 | 273, 748 71, 289 
Other North America Y AE EECH 261 6 
a AAA 166, 836 127, 815 158, 864 124, 501 2 99, 931 126, 197 
South America: pui 

"oo BEEN 34, 474 34, 099 42, 533 29, 311 25, 197 26, 195 
Other South Amerlca 173 1, 601 r AO fee odo cee! : 

Peek 34, 647 36, 600 42, 679 29. 311 25, 197 26, 195 

Europe: 
Belgium-Luxembourg............. 1, 115 1, 852 4, R04 1, 569 1, 733 41 
IR. Oe d EEN 1, 802 1, 916 1, 452 187 88 |.......... 
Germany, West 2, 304 1, 550 3, 008 2,613 654 911 
Spain RACE A AI 5, GRB 3,119 9.505 | 11,270 6, 056 8,775 

nited Kingdom................. 1, 582 2, 666 8, 556 1, 035 133 16 
Yugoslavia. lll. 43, 769 40, 2^2 96, 789 32, 376 30, 159 30, 130 
Other Europe..................... 1, 296 667 507 2, 084 1,877 |. — 

a NEE 57, 556 52, 032 64, 421 52, 034 40, 700 39, 873 

Aala SE !! E PE DEE 
Africa: 
Morocco 4.22222 49, 342 9, 018 9, 760 5,032 1, 243 4 
Other A rica 230 7 703 460 113 
OUR A md == 9, 622 9, 744 9, 760 5, 735 1, 703 117 
Oceania: Austrulla.................... 69, 359 95,517 76, 035 51,051 45, 816 54, 945 
Total pigs and bars 338, 061 321,708 351,753 262, 632 | ? 213, 347 247, 327 
Reclaimed, scrap, etc. (lead content): 
North America: 
Gnas 4. 582 2. 558 1. 787 2. 306 4. 053 1, 441 
EE DEEN 3. 700 4, 000 2, 433 1, 350 1, 189 2, 291 
Other North Amerlca............. 1, 305 645 228 602 220 91 
"TO WEE 9, 587 7, 203 4, 448 4, 348 5, 462 3, £23 
South America: 

OV AAA ooecese cee 199 4 274 GA, RE A 
Venezuellllaa˖ai˖aindaii ))/)ͤ r MA ⁵¼(¼ : EE 
Other South America 4 53 34 r 88 

“/,! ³ĩðWA ee 619 57 308 UO 12 Gece A micum 

Europe: 
Belcfum-Luxembourg........-..-- 1 AA AA PI 
DC EE 208 Ed SO ASA AA 
Germany, West. 81 168 278 1 1 
Netherlund 22 JJ ³·0¹1wAAA EE aus S 
Other Europ ———— 415 32 12 A 15 2 
Total EE 1, 188 284 457 1 16 2 
III ³ðV³ 16l teens 19 17 5 1 
¿AI EH J.! IA PAN AA 8 
ES LS e LE LS Le 

Oceania: 
Austra lx 685 32 3,387 3, 411 115 68 
Other Occania.................... NA ̃ sn. ̃ ͤ IO 8 
!!! cesses 771 32 3. 387 3. 411 115 68 
Total reclaimed, scrap, etc...... 12. 329 7. 576 8, 619 7, 897 5, 598 3. 894 
Oe OOS OOS rr 


See footnotes at end of table. 
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TABLE 9297.—U.8. imports for consumption! of lead, by countries—Continued 
(Short tons, lead content) 


Country 1952-56 1957 1958 1959 1960 1961 
(averaze) 


Sheets, pipe, and shot: 
North America: 


Enns 8 165 101 252 452 213 114 
BAN A CO MEN A E EE AAA aoe Ee 
NERT EE 1, 638 4,770 CCC AAA 55 
AAA deRURVe RD ede WE 1, 803 4, 890 811 452 213 160 
i 5 1,027 1, 813 3. 156 2, 641 2, 639 
m T 8 1 (3) 1 37 
Total sheets, pipe, and shot 2. 058 5, 917 2, 625 3. 608 2. 855 2, 945 
Grand total. 406, 889 569, 842 601. 044 410, 697 | 3 359, 396 391, 162 


! Excludes Imports for manufacture in bond and export, classified as ‘imports for consumption" by the 
Bureau of the Census, 

2 Revised figure. 

3 Less than 1 ton. 

* French Morocco before Jan. 1, 1957. 

5 Includes material classified by the Bureau of the Census as being from Algeria but believed by 
Bureau of Mines to be from French Morocco. 


Source: Bureau of the Census. 
TABLE 28.— U.S. imports for consumption of lead, by classes ! 3 


Lead in ores, flue | Lead in base Not 
dust or fume, and bullion Pigs and bars Sheets, pipe, | other- 
mattes, n.s.p.f. |(leadcontent)| (lead content) and shot wise Total 
(lead content) spec- vulue 
Year A ee ee ifed (thou- 


value | sands) 
Short | Value | Short Value | Short | Value | (thou- 
tons | (thou-| tons (thou- | tons |(thou-| sands) 

sands) sauds) sands) 


ie | eer | eee | ee | cee || mote ñL—ĩ— 


753 | $291 | 338,061 895. 895 | 2,058 "n 3 $192 |1 $136, 806 
25 8 | 321,703 | 85,116 | 5,917 | 1,377 3360 | 3 150, 816 


TOSS re 416 136 | 351,759 | 71,404 | 2,625 596 446 | 124,795 
IU AAA 34 19 | 262,632 | 54,667 | 3,608 850 556 84, 461 
1900. is 203 $62 (213. 347 | 445,065 | 2,855 606 710 | 475,383 
D ME 236 $51 | 247,327 | 45,863 | 2, 845 641 807 72, 301 


! Excludes imports for consumption in bond and export, classified as “imports for consumption" by the 
Bureau of the Census, 

2 [n addition to quantities shown (value included in total value), “reclaimed, scrap, ete.,” Imported as 
follows—1952-56 (average), 12.329 tons, $2,034,504; 1957, 7,576 tons, 3 $1,640,602; 1955, 8,619 tons, $1,440,639; 
1959, 7,897 tons, $1,304,107; 1900, 5,598 tons, $1,034,141; 1961, 3,594 tons, $591,971. 

3 Data known to be not comparable with other years, 

* Revised figure. 

! Values for Peru in 1960 and Peru and Mexico in 1961 have been adjusted by the Bureau of Mines to 
reflect tbe value of lead. 


TABLE 29.—U.S. imports for consumption of miscellaneous products containing 
lead 


Babbitt metal. solder, white metal, 
and other combinations containing | Type metal and antimonial lead 


lead ! 
Year 
Gross Lead Value Gross Lead Value 
weirht content (thou- weight content (thou- 
(short tons) (short tons)] sands) (short tons) (short tons)} sands) 
1952-56 (average) 2, 523 1, 545 3 $2. 087 9, 107 7, 902 ? $2, 
EE 3, 502 2, 100 23,019 5,275 4, 553 1, 527 
EE 4, 244 2,049 4,677 5, 170 4, 525 1. 190 
1050. EEN 11, S40 3, 751 16. 820 5,612 B, 020 1. 204 
DI A AA 9, 274 1,512 16, 024 34,560 $3,915 3 970 
/ ho eee 8 7, 990 1, 409 14, 207 6, 430 5, 765 1, 340 


1 1960-81 data known to be not comparable with earlier years. 
2 Data known to be not comparable with other years, 
3 Revised figure. 


Source: Bureau of the Census. 
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TABLE 30.—U.8. exports of lead, by countries! 


(Short tons) 
Destination 1952-56 1957 1960 1961 
(average) 
Ore, matte, base bullion (lead content): 
North America: 
e 382 54 16 3 
Me conceda roscas 474 851 107 |.......... 
rr A 856 905 123 3 
jo A A A O AN 9 · A ME 
JJ40ff he E s RS aui 17 1 1, 174 4, 357 
Total ore, matte, base bullion....... 873 906 1. 297 4, 437 
Pigs, hars, anodes: 
North America: 
Canada cree ere ee e eee Te 28 266 11 2 $0 
CUR 87 62 Lu 10 PPP 
Medie ocres cabra 13 18 28 60 2 
Other North America 77 136 153 149 39 
Totál. EE 155 482 229 243 143 
Bonth America... e une ll Lll. 373 194 93 18 704 
A e 432 560 9 30 3 
Asia: 
A E EE 241 2:305. Le. / EE 
Nansei and Nanpo Islands 2 16] | 7 3332.4 3 
Philippines 222 191 451 34 221 
r 9 224 1, 536 874 
Other ASÍIB. eege 232 106 103 75 
Otel REESEN 675 3, 102 1, 673 1,179 
a AA 3 2 12 
Oceania............... 3 G 1 2 
Total pigs, bars, anodes............. 1, 638 4, 339 1, 967 2, 133 
SSS === === El —— r — 
Scrap: 
North Ame ea 86 |.......... 1, 220 64 
Bouth A Meritt. ⁰ r ⁊ð WEN sues bipes 2 2 
Europe: 
Belelum-Luxembourg............- // EEN 6 688 
Germany, West 225 264 129 253 
Netherlands 187 304 297 251 
United Kinedom................. 910 125 851 1, 167 
Other Europe 110 55 74 162 
Toll AAA 1, 608 748 1, 357 2, 521 
Asia: 
Ee BEE 665 El AA ͤ 8 2, 579 
Ain A AA sa tsas (2) 7 
e A ha Dad Ede 665 137 (3) 2, 586 
Total scrap 222 2. 309 885 2, 579 5,163 
SS | a  _AA++>—+44+ | a EE —x—]—¾.⅞i1⅝:9: .. r¼— 
Grand total..................... 4, 870 6. 130 6, 843 11, 733 


! In addition foreicn lend was reexported as follows: Ore, matte, and base bullion 1952-58 (average), 2 
tons; 1957, 4 tons; 1953-61, None. Pigs, bars, anodes, 1952-56 (average), 170 tons; 1957, 300 tons; 1958, 25 tons; 
1959: 83 tons; 1960: None; 1961: 294 tons. Scrap: 1952-56 (average), 24 tons; 1957-58, None; 1959, 11 tons; 
1960-61, None. 

3 Less than 1 ton. 


WORLD REVIEW 


World mine production increased 2 percent over that of 1960. 
Discussions continued in the Lead-Zinc Study Group in an effort to 
reduce production by voluntary curbs. World smelter production was 
estimated to be 2.7 million short tons, compared with 2.6 million short 
tons in 1960, while free-world consumption was estimated at 2.5 
million short tons. The Lead-Zinc Study Group met twice during 
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the year, once in Mexico City, Mexico, from March 20 to 24, and once 
in Geneva. Switzerland, from October 18 to 24. As a result of 
agreements reached at the Mexico City meeting by Australia and 
Canada to curtail production, the U.S. Government made barter 
purchases for the CCC Stockpile of 50,000 tons of lead metal from 
Australia and 55,000 tons from Canada. These purchases were made 
to reduce the supply of lead to commercial markets which, together 
with U.S. negotiated production curtailments by producers of those 
two countries, were expected to tend toward stabilizing lead prices. 
U.S. import quotas remained in effect even though a large part of the 
U.S. lead industry expressed dissatisfaction with the effectiveness of 
quotas in protecting U.S. producers. 

According to the International Lead-Zinc Study Group there was 
a 67,300-ton increase in world consumption of refined lead. Despite 
this consumption increase, the influence of U.S. quotas, barter pur- 
chases, and other efforts to decrease production, world stocks of refined 
lead increased 18,600 tons. Thus, the major problem of the lead in- 
dustry continued to be imbalance between supply and demand. 


E TABLE 31.—World mine production of lead (content of ore), by countries ! 3 


(Short tons) 
1961 
181, Ze 232, 704 
SE 8, 212 10, 104 
——————— 12, 535 9, 458 
E 5 2, 955 6, 762 
EE 236, 860 199, 875 
ÓN 338, 216 261, 921 
E A WEGE 780, 352 720, 824 
Pp —-— d 
ARSS 32, 100 30, 600 
c 28, 948 22, 378 
genet A 3, 878 1 4, 400 
JJC 3, 237 $1,879 
Colombia (U.S. imports) 1 722 
SA AAA 121 123 
y BEE 151, 184 147, 629 
vk, A A 219, 409 207, 730 
Fh MÀ M1 
/ ˙5r—̈veů 5, 069 5, 906 5, 758 6, 051 
Bulgaria 60. 600 7 88, 700 7 92, 600 ” 88, 000 
Czechoslovakia 7. 6, 600 4, 000 7,200 7, 200 
Finland. 2, 623 2, 128 1. 755 3. 439 
A A 13, 541 18, 335 21,600 | 720,400 
y: 
ESSI E 7, 700 7, 700 7, 700 7, 700 
hf. AA AA 78, 395 57, 929 54, 999 54, 586 
E A ccc RM MM 7, 200 11, 000 ? 12, 000 7 10, 800 
Ireland... ³¹ 8 2. 074 1, 476 1, 552 908 
Italy AA A 59, 300 54, 600 54, 200 52, 600 
Nang 8 990 2, 487 2. 780 2. 500 
Feng. 33. 100 39, 000 43, 200 41, 700 
Portugal... A 1, 518 35 84 |.......... 
Rumania 7. ee cl... 13, 200 18, 200 13, 200 13, 200 
BENIN, Steet 72, 224 71,211 80, 353 7 92,800 
Bweden. 2. 40, 200 §1, 257 58, 753 7 68, 500 
ES 310, 000 340, 000 340, 000 | 1390, 000 
United Kingdom................ 9, 069 2, 632 1, 549 1, 655 
Y Tf! 99, 305 101. 900 100, 554 106, 571 
NN 832, 600 000 068, 600 
OS oie ̃ 


See footnotes at end of table 
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TABLE 31.— World mine production of lead (content of ore), by countries !2—Con. 


(Short tons) 
Country 1952-56 1957 1958 1959 1960 1961 
(average) 
Asta: 

Brie A 12, 829 16, 366 21, 180 21, 200 19, 500 17. 
D eo iuc leo ..- 25, 000 45, 000 55 75, 000 90, 000 100, 000 
I AN ee 2. 514 3, 666 4, 356 5, 292 4, 991 4, 478 
lran! So oe cd 15, 741 18, 700 18, 700 16, 500 16, 500 16, 500 
Japan DS n. 8 25, 281 39, 533 40, 448 39, 844 43, 577 51, 014 

orea 
North 7 35, 000 45, 000 45, 000 50, 000 55, 000 000 
Republic of 552 1,016 1. 343 256 1,012 1, 014 
Philippines 2, 429 897 1, 415 391 134 $111 
"Thailand... 4,173 3, 34^ 1, 032 1, 455 028 2, 437 
UAIT TA ˙ AAA cueros 2, 897 4, 465 3, 250 2, 300 827 1, 370 
Total 7. 126, 400 178, 000 191.700 | 212,200 | 233,600 | 249, 500 
Africa: 

IST 9. 797 11. 349 11, 095 12, 173 11, 571 10, 141 
Congo, Republic o 3, 922 2. 034 3, 611 5, 448 4.741 3. 623 
Morocco 93, 403 102, 185 103, 470 101, 082 104, 444 97, 209 
Nigeria cle ere... 29 504 546 424 223 1 


Rhodesia and Nyasaland, Fed- 
eration of: Northern Rhodesia t. 15, 761 16, 887 14, 608 18, 128 16, 160 16, 956 


Bouth- West Africa l nee 78, 098 3 88, 763 383,796 377.551 71, 500 70, 000 

Tanganyika (exports)............ 3.575 5, 433 5, 001 6, 401 6, 927 457 

Tunisia A eect I 27, 276 25, 371 25, 920 19, 997 19, 676 18, 698 

Uganda (exports)...............- 61 17 256 J WEG 

Union of South Africa. .......... 568 1, 223 36 168 136 102 
United Arab Republic (Egypt 

Region).......................- 172 280 330 770 88 40 

Iul. a 232. 662 254, 046 248, 675 240, 201 235, 466 217. 328 

Oceania: Australia.................. 304, 185 373, 256 306, 652 354, 249 345, 160 300, 341 

World total (estimate) 2. 330, 000 | 2, 640, 000 | 2. 590.000 | 2, 560.000 | 2,610,000 | 2. 660, 000 


1 Data derived in part from United Nations Statistical Yearbook, Yearbook of the American Bureau of 
Metal Statistics, and annual issues of the Statistical Summary ofthe Mineral Industry (Overseas Geological 
Surveys, London), and Metal Statistics (Meta!lgesellschaft) Germany. 

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Recoverable. 

4 One yea: only, as 1953 was first year of commercial production. 

5 U.S. imports. 

¢ Smelter production. 

? Estimate. 

* Exports. 

* Year ended Mar. 21 of year following that stated. 

1? Includes lead content of lead. vanadium concentrates. 


Compiled by Augusta W. Jann, Division of Foreign Activities. 


European demand for lead continued heavy through the year, and 

considerable lead from Soviet countries was traded on the London 

Metal Exchange. December lead quotations on the London Metal 

Exchange declined 0.40 U.S. cent from those of January, although 

seio until October were higher than in the opening month of 
e year. 


NORTH AMERICA 


Canada.— Mine production from complex lead-zinc-copper ores 
was 232,700 tons of recoverable lead. Refined lead production was 
from Canada’s only pone lead smelter, a unit of the smelting- 
refining complex of Consolidated Mining & Smelting Co. of Canada, 
Ltd.. Cominco) at Trail, British Columbia, which processed concen- 
f - ^1 the company-owned Sullivan, Bluebell, H. B., and Con 
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TABLE 32.— World smelter production of lead, by countries ! 1 
(Short tons) 
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Country 


North America: 


South America: 
Argentina... A 
Bolivia (exports) 242 


dÄ eege — eene ——Ü—Ä— 2 e gë e ep em e op op e o 


East EE F 


United Kingdom 3 ĩ˙ EE 
X ugosla via F 


ER EE 


Total 7 EE 


Moroeco——— l leal lll. 
Rhodesia and Nyasaland, Fed- 

eration of: Northern Rhodesia. 
Tunisia 1. 


Total. --— LII ap ep dr ep ep dr gr e dr e 
Oceanta: Australia: 

Refined lead. ...................- 

Pb content of lead bullion....... 

o AAA 


1952-58 
(averago) 


163. 036 

1265 
233. 538 
489. 613 


1959 


1961 


—— . — 1. ——— MÀ 


836. 452 


— — —— — — | —3nꝗnꝛv—!1b.r!? - 2:?!Uũüñ1ł5V — EN 
El eee ——— — —ññ—ñ fe eee 


22, 287 
1, 442 
3. 264 

8201 

63. 641 


— tas | eee | eee | ce E EC 


Lg rr | ———9M ce | a — E 


— ——— 


— — ==> 4 


—— | ——— — — — — má À a DEI M 


— — Å —MÀ— — —m— | È ———ÓM — 


1, 129. *00 


———— |—À— —Ó——— | L—————————— | ————————— | —————————— — — 
— MÁ———— — —— | ee — —— ec 


19. 441 


— ———— . ³——ä—ç M o — [| cee 


75, 700 


— —— | oe — — ———— 
PP — ———— |ILMÁ————— [IL—————— 


30, 648 


15. 761 
28. 647 


75. 050 


— 2 — —[—üäß 4. —äjẽ | € — 
— — —— —— | —— ——M——M — €——M—M MÀ 


204, 230 
42, 326 


31. 361 


16, 128 
24, 039 


71,528 


209, 638 
56, 745 


216, £00 


33, 871 


16. 160 
21, 894 


71,925 


212, 687 
59, 466 


ee eS ee 


246, +56 


266, 383 


272, 153 


— — ————— —— ——— [.——————— 1 . —Ww2—᷑ • 
— — — | ———— 


World total (estimate) 2. 190, 000 


1957 1058 

144, 017 134, 827 
231.745 | 218.200 | 206.134. 

5:33. 473 469, 381 
909. 235 822. 198 
28. 600 36, 200 
2, 432 877 
3, 878 4, 781 
KE 321 
76, 231 71,045 
111, 191 113, 224 
13. 156 13, 756 
109. 423 105, 685 
21, 300 28. 00 
9, «00 9. 500 
24. 800 27. 500 
151, 945 147, 955 
3, 987 4. 330 
43, 703 82, 912 
39, 354 39, 488 
29 743 
13. 200 13. 200 
64. 951 77. 729 
27. 421 36, 453 
320. 000 340. 000 
8.322 4.156 
86, 536 92, 901 
1. 020. 200 | 1,073, 400 
21.816 19. 1*0 
30. 000 40 000 
3, 556 3. 735 
1770 1.017 
£0 214 42.412 
19. 000 20. 00 
2. 000 3, 000 
127. 400 130. 000 
34, 441 36, 513 
16. 887 14, 608 
27, 008 27, 718 
78, 396 78. 839 
215. 516 214, 451 
52. 518 64. 032 
268. 034 278. 483 
2, 515, 000 | 2, 500. 000 


2, 410. 000 | 2, 550. 000 | 2, 660, 000 


! Data derived in part from United Nations Statistical Yearbook, Yearbook of the American Bureau of 
Metal Statistics, and annual issues of Statistical Suminary of the Mineral Industry (Overseas Geological 
Bur veys, London), and Metal Statistics (Nletallgesellschaft) Germany. 


3 This table incorporates some revisions. 


where estimated figures are included iu the detail. 


3 Estimato. 


Data do not add exactly to totals shown because of rounding 


* Figures cover lead refined from domestic and foreign ores; refined lead produced from foreign base bullion 


not included. 


è Lead bars only: does not include lead contained in antimonial lead or in solders. 
Average annual production 1954-56. 


? Includes scrap. 


3 Year ended Mar. 21 of year following that stated. 
Compiled by Augusta W. Jann, Division of Foreign Activities, 
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mines; the Rycon Mines, Ltd., (a subsidiary company of Cominco); 
and some purchased concentrates. Total refined lead produced from 
the Cominco smelter-refinery was 172,400 tons, an 8-percent increase 
over 1960. Pine Point Mines, Ltd., a subsidiary, reached an agree- 
ment with the Canadian government regarding construction of a 
railway from Grimshaw to Great Slave Lake with a branch line to the 
Pine Point lead-zinc property. Mine development was to be syn- 
chronized with rail construction so that both would be completed 
by December 31, 1966.“ 

, Other large lead ore and concentrate producers in British Columbia 
were Canadian Exploration, Ltd., from the Jersey mine; Reeves 
MacDonald Mines, Ltd., from the Reeves MacDonald mines; Sheep 
Creek Mines, Ltd., from the Mineral King mine; Silbak Premier 
Mines, Ltd., from the Premier mine; New Cronin Babine Mines, Ltd.; 
and Western Exploration, Ltd., from the Black Fox, Kootenay Belle, 
Ottawa, Utica, and Victor mines in the Slocan Area. The Chisel 
Lake mine had been treating 1,000 tons of ore a day since September 
1960 in its new concentrator, and Geco Mines, Ltd., added a lead- 
zinc recovery unit to its plant in July 1961. 

In Yukon Territory, United Keno Hill Mines, Ltd., produced & 

significant tonnage of lead-zinc-silver ore from its Calumet, Elsa, and 
Hector mines. 
k Important producers in Quebec were New Calumet Mines, Ltd., 
from the New Calumet mine; Manitou-Barvue Mines, Ltd., from the 
Golden Manitou mine; and The Coniagas Mines, Ltd., from the 
Coniagas mine. 

American Smelting and Refining Co. in the Atlantic Provinces 
continued its considerable production from the Buchans lead-zinc- 
copper mine. During the year Magnet Cove Barium Corp. com- 
menced production of lead in a bulk concentrate from its new 125-ton 
mill at Walton, Nova Scotia. Considerable activity began durin 
the year in the Bathurst area of New Brunswick to bring severa 
mines, concentrators, and a smelter into production in 1963. Several 
mining firms were exploring and developing mines in this area.“ 

Mexico.—Lead production decreased during 1961, as did output 
of all other metallic minerals except iron ore, bismuth, tin, and zinc. 
Decline in production reflected the impact of lower metal prices and 
labor strikes. Total mine production of lead was 199,900 short tons; 
smelter output was 194,500 short tons. Consumption of lead in- 
creased 4,300 tons in 1961; however, total consumption was only 
20,000 tons. Most of the increased consumption was for refined 
lead to process into lead oxide for export and not for local consump- 
tion. No major exploration was done in Mexico during 1961. 

Regulations to implement the mining law, passed by the Mexican 
Congress in December 1960, had not been issued at the end of 1961. 
Lack of regulations to define and clarify this law left foreign mining 
firms uncertain of its full significance, except for the section requiring 
5l-percent-Mexican ownership of all operations dealing with non- 
renewable resources. Compania Minera de Penoles and Compania 
Metalurgica Penoles, S.A. (both subsidiaries of American Metal 


3 Consolidated Mining and Smelting Co. of Canada, Ltd. Annual Report. 1961, pp. 6-7. 
* Mineral Resources Division, Department of Mines and ‘Technical Surveys. Preliminary Survey 
of the Canadian Mineral Industry in 1961. Min. Inf. Bull. MR 56, March 1961, pp. 28-31. 
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Climax), The Fresnillo Co., and San Francisco Mines of Mexico, 
Ltd., disposed of majority control to Mexican investors. Others, 
such as Compania Nera ASARCO (American Smelting and Re- 
fining Company) were seeking actively Mexican investors to par- 
ticipate, but the size of the required Mexican investment made a 
reorganizational sale extremely difficult. 

Compania Minera ASARCO continued to operate its lead producing 
mines during the year at about normal rate. The Eed mine of 
Eagle Picher, operated by ASARCO, was closed during the year ac- 
cording to plan. Smelting continued at the San Luis Potosi and 
Chihuahua units, and in April lead production had decreased accord- 
ing to plan to about 6,800 tons per month. Concentrate in excess of 
the quantity smelted at these two ASARCO units was sent to Torreon 
for smelting in the plant of Compania Metalurgica Penoles, S.A. 
Smelter products were refined in the ASARCO refinery in Monterrey. 

San Francisco Mines of Mexico, Ltd., at San Francisco del Oro, 
Chihuahua, milled 917,800 short tons of lead-zinc-silver-copper ore in 
1961, a new record for the third consecutive year. A considerably in- 
creased tonnage of lead concentrate was sold in 1961 as stockpiled 
material was liquidated, and a new smelting contract was executed 
with Metalurgica Mexicana Penoles, S.A., by which concentrates were 
purchased on arrival at the smelter. Lead sales increased 78 percent 
over 1960. Firm arrangements had been made to meet new mining 
law requirements by sailing 51 percent of the company to Mexican 
investors, forming the operating company Minera Frisco, S.A. A 
large part of the purchase price was on a long-term payment plan.’ 

In pril 1961 Metalurgica Mexicana Penoles, S.A., was formed with 
51 percent Mexican ownership of the mines and plants that were 
formerly subsidiaries of American Metal Climax. Mexican cash in- 
vestment was being used for expansion. A zinc smelter and refinery 
costing US$12 million was to be built at Torreon, and a sodium sul- 

hate plant costing US$2.4 million was to be built at Laguan del Rey.? 

he Fresnillo Company, with the Fresnillo, Plateros, Naica, Som- 
brerete, and Ziapan mines and plants, also was consolidated within the 
structure of the new firm. 

The Fresnillo mill treated 607,000 tons of ore, producing 24,300 tons 
of concentrate that contained 52.6 percent lead. The Naica mill 
treated 345,700 tons of ore, producing 40,800 tons of concentrate that 
contained 63.9 percent lead.? 


SOUTH AMERICA 


Argentina.—Cia. Minera Aguilar, S.A., a 99.9 percent owned sub- 
sidiary of St. Joseph Lead Co., produced 31,250 short tons of lead 
concentrate." Cia. Minera Castano Viejo, S.A., a partially owned 
affiliated company of National Lead Company, produced most of the 
remaining lead from Argentine mines. Refined lead production in 
Argentina was 31,000 short tons, a 10-percent increase over 1960. 
All of this production was derived from Argentine ores and was con- 
sumed locally. 

' San Francisco Mines of Mexico, Ltd. Annual Report. 1961, pp. 6, 7, 14, 

$ American Metal Climax. Annual Report. 1961, p. 26. 


* The Fresnillo Co. Annual Report. 1961, pp. 2-4. 
» St. Joseph Lead Co. Annual Report. 1961, p. 9. 
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Bolivia.—Mine production of lead was 22,400 short tons, and lead 
smelter production remained very small. Fundicion Metabol, a 
Government-owned company, and Asociada a la Compagnia Metalur- 
gica, S.A. la Lima, both in Oruro, produced metallic lead. The latter 
company, which was mainly a tin producer, reported lead output as 
lead content of solder. 

Brazil.— Mine production of lead was estimated at 4,400 short tons. 
Total primary and secondary smelter-refinery output of lead was 11,000 
short tons." Most of the requirements for consumption were sup- 
plied by imports; lead consumption was estimated at 27,600 short 
tons. Consumption continued to increase, largely because of the 
growth of the automotive industry. Cia. Plumbum, S.A., and Cia 
Accumalatores Prest-O-Lite merged to form the smelting firm of 
Cia Brasileira de Chumbo, the only producer of lead metal. 

Peru.—Cerro de Pasco Corp. produced 83,900 short tons of refined 
lead at its La Oroya smelter-refinery— again setting a new production 
record, an increase of 5 percent over 1960, and 35 percent more than 
in 1959. During 1961, lead production from the Cerro de Pasco 
Corp. mines was reduced, but the total smelter-refinery output in- 
creased owing to the greater quantity of custom ore treated. "Twin 
bores of the 7-mile-long Graton tunnels for drainage and ventilation 
of the Casapalca mine of Cerro de Pasco Corp. advanced satisfactorily 
during the year. These low level tunnels will permit work below the 
3,900-foot level.” 

The St. Joseph Lead Co. wholly owned subsidiary, Cia. Minerales 
Santander, Inc., produced 6,700 short tons of lead concentrate, 33 
percent more than in 1960.“ 

Other important lead producers in Peru were Cia. Minera Atacocha, 
S.A.; Northern Peru Mining Corp.; Mauricio Hochschild and Co., 
Compagnie des Mines de Huaron; Cia. Minera Milpo, S.A.; Cia. de 
Minas Buena Ventura, S.A.; Cia. Minas de Cercapuquio, S. A.; 
Sindicato Minero Pacococha; Sindicato Minero Rio Pallanga, S.A.; 
and Volcan Mines Co. Some of the independent lead mining com- 
panies sold their lead concentrates to Cerro de Pasco Corp. for smelting 
and refining in Peru, but most of this output was exported to the 
United States, Europe, and Japan. Total lead content of Peruvian 
mine production was 147,600 short tons. 


EUROPE 


Bulgaria.—Lead production of both concentrate and metal increased 
slightly. Mine production contained 88,000 short tons of lead, and 
the output of lead metal was 45,000 tons. The new secondary lead 
smelter at Plovdiv went on stream in late 1961; nominal capacity of 
the unit was 33,000 short tons of metal.'* 

Germany, West.—West German mine production of lead was 54,600 
short tons, and primary metal output was 155,000 short tons. The 
secondary metal industry, proportionately, was more significant than 
in most European countries, and during 1961 it recovered 69,400 
short tons of lead.“ Lead mine production continued to decline 

u International Lead-Zine Study Group. Monthly Bulletin of Statistics. V. 2, No. 6, June 1962, 
13 Cerro Corp. Annual Report. 1961, pp. 10-11. 
13 St. Joseph Lead Co. Annual Report. 1961, p. 10. 


14 Razvedka I Ikrana Nedr, No. 11, 1961, pp. 56-61. 
18 Ne—Metalle, No. 1, Feb. 9, 1062. 27 pp. 
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slightly even though productivity per man was 370 percent of the 
productivity in 1950.“ 

Sweden.—Mine production of lead was 68,500 short tons, and 
the PRIN Y smelter-refinery of Boliden Mining Co. produced 43,000 
tons of refined lead. Boliden Mining Co., one of Sweden's largest 
mining, metal, and chemical industries, started the largest project 
of its history—to build slag-fuming facilities with an output of more 
than 6,000 tons of leached lead dust and more than 20,000 tons of 
zinc clinkers per year.!” 

United Kingdom.—Mine output of lead was only 1,655 short tons. 
Combined primary and secondary metal production was 96,600 tons 
from a scrap and remelt lead content of 109,000 tons. United 
Kingdom consumption of domestically produced lead plus imports 
of refined lead increased and was 304,000 short tons. Despite an 
active secondary lead recovery industry, most lead for consumption 
was imported in the form of concentrates and refined metal. 

Yugoslavia.—Lead-zinc-antimony mine production continued to 
increase and amounted to a lead production of 106,600 short tons; 
refined lead output was 99,600 tons. A lead-zinc mine with 7 million 
tons of ore having 8 to 10 percent combined lead-zinc content was 
geg erg in the Trepca area near Novo Brodo.? This was reported 
to be the oldest lead mine in the world, first having been exploited 
by the Romans.” Production also began at the Kisnica mine near 
Pristina, and production was increased at the Suplja Stijena and 
the Lece mines. Three years of lead smelter expansion and modern- 
ization were completed. 


ASIA 


Burma.—Refined lead production decreased 11 percent from that 
of 1960 to 17,400 short tons. Mine output decreased correspondingly 
to 17,600 tons of contained lead. The United Nations Special Proj- 
ects Fund and the Government of Burma, as a joint venture, started 
a project to increase efficiency of the mining industry of Burma, 
which had been operating at a loss. 

China.—Total refined lead output for China was estimated to be 
95,000 short tons. China had a surplus of lead; an estimated 10,000 
short tons of lead metal and a similar tonnage of lead concentrate 
was exported to U.S.S.R. An increased quantity of secondary lead 
also was recovered. Lead-zinc mines of Sinkiang were the principal 
sources of lead-zinc concentrate shipments to U.S.S.R. because the 
district is far from domestic smelting centers. Leading lead minin 
and smelting districts were Shenyang, Skao-kuan, Hu-lu-tao, and 
Shui-k'ou-shan. A new district being EEN T’ao-lin, in Hunam, 
was expected to produce at a rate of 1 million tons of ore annually 
for many years. Several flotation plants were built for lead-zinc 
concentration; capacities ranged from 400 to 1,000 tons of ore per day. 

India.—The only producing lead mine in India, the Zawar mine 
in Rajasthan, yielded 4,500 short tons of contained lead in ores. 

16 Mining Journal, v. 258, No. 6598, Feb. 2, 1962, p. 122, 


n Mining Journal, v. 256 No. 6596, Jan. 19, 1062, p. 61. 
1 British Bureau of Non-Ferrous Metal Statistics. World Non-Ferrous Metal Statistics. V. 18, No. 4, 


Bull. 1 p. 30. 
10 Mining Journal, v. 257, No. 6585, Nov. 3, 1961, p. 455. 
ss Engineering and Mining Journal, v. 162, No. 10, November 1961, p. 190. 
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This output represented a decrease of 10 percent from 1960. Domes- 
tic production satisfied only 12 percent of the requirements. Metal 
Corporation of India, Ltd., operating the Zawar mine, smelted and 
refined all the output in its plants at Tundoo near Katrasgarh, 
Bihar. A number of other lead-zinc deposits were known but were 
not being exploited. 

Iran.—Details were not reported concerning lead production in 
Iran or the progress or compliance to satisfy contracts negotiated 
with U.S.S.R. and Japan. 

Japan.—Activity in Japanese lead-zinc industries continued to 
expand. «Japanese mining firms were negotiating to purchase four 
lead-zinc mines in Australia. Several Japanese firms also were nego- 
tiating for lead mines in Peru and other foreign countries and were 
negotiating long term contracts to assure an adequate supply of lead 
concentrates for their expanding smelting and refining plants. Mine 
production was 51,000 short tons of contained lead; primary smelter 
output was 88,500 tons, a 16 percent increase over 1960. Secondary 
lead recovery was 51,000 tons. Even so, the growing demand for 
lead caused Japan to increase imports of pig lead markedly; 1959 pi 
lead imports were 2,300 tons, those of 1960 were 23,800 tons, an 
those of 1961 were 48,800 tons. Smelting and refining industries 
are mechanizing and modernizing their plants to increase efficiency. 
Japan was considering some kind of tariff-quota system to protect 
its domestic industry. 

Korea, North.—Mine production of lead was 55,000 short tons. 
About 45,000 tons was smelted and refined in the country, and much 
of the output was exported to U.S.S.R. The principal lead smelting 
center was Munpyong on the southeast coast. 


AFRICA 


Morocco.—Production of lead ore and concentrate declined from 
104,400 short tons in 1960 to 97,300 tons, and lead metal output 
decreased from 33,900 tons to 27,000 tons. Societe des Mines de 
Zellidja and Societe Nord-Africaine du Plomb were the principal 
lead mining one The Oued-el-Heimer smelter, owned jointly 
by Societe des Mines de Zellidja and Societe Minere et Metallurgique 
de Penarroya, produced lead metal in the country’s only lead smelter. 
Newmont Mining Corp. and St. Joseph Lead Co. are part owners of 
these firms. 

Rhodesia and Nyasaland, Federation of.—Rhodesia Broken Hill 


Development Co., Ltd., continued to be the only lead and zinc metal 
producer in the Federation; 17,000 short tons of refined lead was 
produced. Construction of the sintering plant and the new Imperial 
process smelter was virtually completed. The Imperial smelter 
process was chosen because of its adaptability to smelting high grade 
complex ore produced at the mine. Ore processed during 1961 aver- 
aged 17.8 percent lead and 31.3 percent zinc. Measured and indi- 
cated ore reserves at yearend totaled 6.2 million tons averaging 
13.7 percent lead and 27 percent zinc.” 


® Rhodesia Broken Hill Development Co., Ltd. Annual Report, 1961, p. 10. 
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South-West Africa.—Tsumeb Corp., Ltd., mined and milled 652,000 
tons of ore that averaged 4.46 percent copper, 12.91 percent lead, 
and 4.35 percent zinc. During the fiscal year ending June 30, 62,600 
tons was sold and for 6 months ending December 31, 31,000 tons was 
sold. The Kombat mine, 65 miles from Tsumeb, was being equipped 
for an initial production of 1,000 tons of copper-lead ore, starting in 
mid-1962. Exploration of this mine proved existence of 2.6 million 
tons of ore averaging 3.1 percent copper and 3.4 percent lead. Both 
a copper and a lead smelter and refineries were under construction; 
the copper unit was to be finished in late 1962, but the lead unit was 
not scheduled for completion until late 1963.22 Newmont Mining 
Corp. and American Metal Climax, Inc., each owned slightly more 
than 29 percent of Tsumeb Corp. 

Total mine production of lead ores contained 64,300 short tons of 
lead. An additional 5,000 tons, lead content, of lead vanadium con- 
centrate and 700 tons of lead in zinc concentrate was produced. 


OCEANIA 


Australia.—Australia continued as the leading free-world producer 
of lead ore and concentrate, even though mine production of lead 
decreased 13 percent from 1960 to 300,300 short tons. Refined lead 
production was 181,800 tons. Lead bullion, amounting to 54,200 tons 
of contained lead, also was produced. The remainder of lead in 
concentrates was exported for smelting and refining. 

Mine production had declined for 4 consecutive years from a 
record of 373,300 short tons in 1957. The decline in 1961 was the 
greatest during the 4-year period. The Broken Hill District remained 
the leading lead-producing district, supplying 69 percent of the total 
production. Four companies that contributed toward the district 

roduction were New Broken Hill Consolidated, Ltd., Broken Hill 
uth, Ltd., North Broken Hill, Ltd., and Consolidated Zinc Corp., 
Ltd. (Australia). The new Imperial process smelter at Cockle Creek 
functioned satisfactorily. The Consolidated Zinc Corp., Ltd., and 
The Rio Tinto Co., Ltd., planned to merge the two companies during 
1962; the new firm was to be Rio Tinto-Zinc Corp., Ltd.” 

Mount Isa Mines, Ltd., (53.8 percent owned by American Smelting 
and Refining Co.) produced 53,400 short tons of refined lead and 5,000 
tons of antimonial lead.* 

Lake George Mines Pty., Ltd., of Lake George 1 Corp., 
produced 8,800 tons of lead in concentrates from the Elliot, Keating, 
and Central ore bodies of Captain's Flat district of New South Wales. 
Due to exhaustion of ore bodies and unsafe conditions, the mine was 
closed March 11, 1962.5 

E. Z. Industries, Ltd., produced 223,100 tons of complex gold, 
silver, zinc, copper, and lead ore from the Rosebery and Hercules 
mines. Lead concentrate was produced containing 6,500 short tons 
of lead. Copper concentrate contained 32.53 percent lead with a 
lead content of 2,300 tons. Full scale mine operations resumed 
April 10 at the Hercules mine after a shutdown for reconstruction.” 

2 Newmont Mining Corp. Annual Report. 1961, pp. 6-7. 
2 The Consolidated Zinc Corp., Ltd. Annual Report. 1961, pp. 15, 26, 36, 37. 
* American Smelting and eee Go, Annual Report, 1961, p. 15, 


* Lake George Mining Corp., Ltd. Annual Report. 1961, pp. 4, 12, 13. 
* E, Z. Industries, Ltd. Annual Report, 1961, pp. 14-15. 


798 MINERALS YEARBOOK, 1961 


TECHNOLOGY 


New lead-copper alloys had tensile strengths up to 8,000 pounds 
per square inch together with improved elongation and creep-strength 
characteristics; these alloys also retained good corrosion resistance.” 

It was predicted that tetramethyl lead might gain half the anti- 
knock additive market within 5 years.” 

Differential thermal analyses were made on natural and artificial 
lead-sulfur-selenium compounds.” 

A new fabric comprised of lead and textile strands was developed 
for use as acoustical room dividers.” 

Sound-proofing lead-covered wall paper and lead-backed acoustical 
tile became available.“ 

A report on sound-attenuation properties of lead was published.“ 

Research findings on several metallurgical, chemical, and electro- 
chemical Projects of significant interest in lead utilization were 
described. 

A newly designed interlocking lead brick was made available for 
nuclear radiation-shielding construction ; the design of the bricks gives 
an effective barrier to radiation.“ 

Advantages of large scale lead smelting in oil-fired reverberatory 
hearths were presented.* 

A process using ultrasonic vibration to obtain uniformity proved 
advantageous in forming tungsten-carbide lead alloys by powder 
dispersion.” 

Battery-powered trucks, automobiles, and small vehicles gained 
rapidly in acceptance. Lead-zirconate-titanate proved to be an im- 
portant piezoelectric.” 

An improved tin-lead solder was reported that permits better work 
and reduces manufacturing rejects to Moo of those rejected when using 
normal solder.* 

A lead-cadmium-nickel alloy with some special properties was 
described. The alloy can be cast, extruded, and rolled y conven- 
tional techniques.” 

Optimum conditions were given for extraction of lead from difficult 
ores by using caustic soda.” 

The Federal Bureau of Mines reported three recessions in copper, 
lead, and zinc following World War II.“ 

D Lead Industries Association. Look for Stronger Lead Alloys. Mat. in Design Eng., v. 54, No. 2, Au- 
eur Chetntcal Engineering. To Metal Organics, Now Add TML. V. 68, No. 1, Jan. 9, 1961, pp. 85-86. 

2% Dunne, James A., and Paul F. Kerr. Differential Thermal Analysis of Galena and Clausthalite, Am, 
Mineralogist, v. 46, Nos. I and 2, January-February 1961, pp. 1-11. 

V American Metal Market. New Lead Fabric Developed. V.68, No. 30, Feb. 13, 1961, p. 12. 
ge DUI Akin ae & Engineering Journal (Johannesburg). Lead Wallpaper. V. 72, pt. 1, No. 

» Canadian Mining Journal, Lead As A Sound Barrier, V. 82, No. 3, March 1061, pp. 94-05, 

33 Lead, v. 25, Nos. 1, 2, 3, 4, 1961. 

343 American Metal Market. Patent for Gamma Ray Shielding. V. 68, No. 72, Apr. 17, 1961, p. 12. 

H Downie, C. C. Large Scale Lead Smelting. Min. J. (London), v. 256, No. 6557, Apr. 21, 1961, pp. 
WE EE G. I., and V. V. Zaboleev-Zotov. A New Alloy Production Process. Metal Prog., 
v. 79, No. 5, May 1961, pp. 162, 104. 

115 : ru : ans V. Industry Uses of Lead Been Ready to Expand. Am. Metal Market, v. 68, No. 85, 

8 Materials in Design Engineering. Tin-Lead Solder. V. 54, No. 6, November 1961, p. 182, 

% Williams, D. N., and R. I. Jatfee, Wrought Lead-Cadmium-Nickel Alloys. Metal rog., v. 80, No. (, 
October 1961. pp. 190-101. 

% Sokolova, R. I. Extraction of Lead from Minerals by Caustic Soda Solutions. Metallurgiya Metal- 
lovendentye Fiziko Khjuichesklye Metody Issledovaniya, (Akad. Nauk USSH, Inst, Metallurg. Trudy), 


ü Bureau of Mines. Copper, Lead and Zinc in Three Recessions Following World War IL Information 
Circ. 8064, 1961, 79 pp. 


Lime 
By C. Meade Patterson? and Victoria R. Schreck? 


A 


PEN-MARKET lime production continued in 1961, as it had in 
recent years, on a slightly rising “plateau.” Excess capacity of 
commercial lime plants had a SEN effect on lime prices 

compared with the general price level. Captive lime production 
received greater recognition of its importance in the economy. 


TABLE 1.—Salient lime statistics in the United States? 


(Thousand short tons and thousand dollars) 


1952-56 1957 1958 1959 1960 1961 
(average) 

Active plants 155 146 145 156 158 259 

Sold or used by producers: 
nicklimé. ege 5, 361 5, 942 5, 538 7, 756 3 8,271 10,577 
ydrated lime.......................- 2, 066 2, 031 2, 014 2, 766 2, 715 2, 633 
Dead-burned dolomíite................ 2, 060 2, 251 1, 659 1, 986 1, 949 1, 983 
Total AAA A A cole, 9, 487 10, 274 9, 211 12,508 | 212,935 15, 193 
Vain $114, 397 | $135, 323 | $121,193 | $164. 211 25172. 748 $210, 141 
Average value......... per ton..| $12.06 $13.17 $13. 16 $13.13 $13.35 $13. 83 
Open- market 8, 163 8, 516 7, 388 8, 405 2 8,190 8, 313 
Gi 8 1. 324 1. 758 1, 823 4, 103 24,746 6, 850 
Imports for consumption gn 36 FO 26 35 32 37 
i ß 77 65 46 53 61 30 


1 Includes Puerto Rico. 
2 Revised fi S 

3 Selling value Lob plant, excluding cost of containers, 

‘Incomplete figures; before 1961 the coverage of captive plants was only partial. 


DOMESTIC PRODUCTION 


Annual open-market lime production, the reliable barometer of the 
lime industry, fluctuated between 7 and 9 million short tons from 1950 
through 1961. In the same period, the total annual lime production 
(annual open-market lime production plus captive lime production) 
rose from 7.5 to 15.2 million tons. Such a disproportionate gain in 
total annual lime output (compared to that of open-market lime) 
resulted from reporting captive lime production since 1952 and extend- 
ing the canvass to include lime production in other industries besides 
the lime industry. 


1Commodity specialist, Division of Minerals. 
Statistical clerk, Division of Minerals. 
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Canvassing captive lime production, wherever found and when- 
ever possible, gave quantitative substance to the essential role of lime 
in alkali manufacture, calcium carbide-acetylene manufacture, non- 
ferrous metals production, municipal water treatment, and now, for 
the first time, in beet-sugar and pulp manufacture. Therefore, most 
of the reported increase in U.S. total annual lime production in 1961 
resulted from more complete coverage of existing lime production. 

Reported lime production increased 17 percent above that of 1960 to 
15.2 million short tons. Open-market lime output rose 2 percent, and 
reported captive lime output increased 44 percent. Captive lime pro- 
duction amounted to 45 percent of the total. Lime sold or used for 
all major use categories increased. Hydrated lime constituted 17 
percent of the total lime production. 

Thirty-nine States and Puerto Rico reported lime production. The 
three leading States, Ohio, Michigan, and Missouri, in descending 
order, accounted for 36 percent of the U.S. total. The next five States 
were Pennsylvania, Louisiana, Texas, New York, and Virginia. 


1930 1935 1940 1945 1950 1955 1960 1965 


FIGURE 1.—Trends in major uses of lime, 1930-61. 


Most domestic lime plants calcined limestone and dolomite, but 
some lime plants in Louisiana, Texas, and Virginia calcined oyster- 
shell and clamshell. Most of the quicklime and hydrated lime from 
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shell was manufactured in Texas; five n produced 425,000 tons, 
or 48 percent, of all the lime produced in that State. Three lime 
plants in Louisiana produced 328,000 tons of lime from shell, and two 
small lime plants in tidewater Virginia burned shell to quicklime. 
Reef oystershell for limekilns was dredged from coastal bays of Louis- 
iana and Texas. Fossil clamshell was dredged from the shallow bot- 
tom of Lake Ponchartrain, La., for a rotary kiln at New Orleans. 
Calcining oystershell on the shores of Chesapeake Bay in Maryland 
and Virginia had been discouraged, because it was necessary to return 
shell to the Bay to maintain a suitable bottom for oyster beds. Five 
percent of the United States lime production was derived from shell. 

Quicklime in steadily increasing quantities was produced from 
calcium carbonate sludge and waste lime sludge at municipal water- 
treatment plants, calcium carbide-acetylene plants, and pulpmills 
and papermills. Allof the lime derived from sludge was not reported 
to the Federal Bureau of Mines, but what was reported accounted for 
11 percent of the U.S. lime production. Calcining sludge was ordi- 
narily a captive operation; however, if excess lime was produced, it 
was sold. erever waste sludge was calcined, lime purchases were 
reduced or became unnecessary, and a troublesome sludge-disposal 
problem was reduced or eliminated. Sludge or slurry was converted 
to quicklime in & rotary kiln. A chain system inside the feed end 
of the kiln decelerate dewatering: promoted heat transfer, and pre- 
vented clogging of the kiln by the entering sludge or uy: he 
tonnage of Gr from sludge was expected to constitute a higher per- 
centage of total lime production in the future. 

Rotary kilns were used to calcine carbonate sludge at pulpmills and 
papermills. Preliminary inquiries revealed that approximately 1 ton 
of quicklime was necessary to manufacture 4 tons of pulp or paper 
by the sulfate or kraft process. To fulfill the lime requirements of 
kraft pulpmills, 95 to 98 percent of the high-calcium quicklime was 
produced at the pulpmill by calcining calcium carbonate sludge re- 
turned from the causticizing of soda ash, and 2 to 5 percent makeup 
lime was purchased from commercial lime plants. Captive quicklime 
tonnage produced from processed sludge at pulpmills and papermills 
had not been canvassed by the Federal Bureau of Mines until recently. 
Complete returns of this recycled captive quicklime production would 
probably establish pulp and paper manufacture as the outstanding 
single use of lime in the United States, exceeding the 3 million tons 
of captive lime that annually enters the manufacture of alkalies. The 
less than 1 million tons of lime reported for pulp and paper manufac- 
ture in recent years included all the makeup lime produced by the lime 
industry, but very little of the captive lime produced within the pulp 
and paper industry. There were 85 sulfate pulpmills and 11 soda 
pulpmills in the United States. 

otary kilns were operated by the following companies to produce 
captive quicklime from recycled sludge in pulping circuits. 


3 U.S. Department of Agriculture, Forest Service. Division of Forest Economica Research. 
Woodpulp Mills in the United States by State and Type of Product. June 1961, 23 pp. 
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Company: Location 
Boise Cascade Kraft Corp. Wallula, Wash. 
Bowater Carolina Corp Catawba, S.C. 
Bowaters Southern Paper Corp Calhoun, Tenn. 
Brown EE Berlin, N.H. 
Brunswick Pulp and Paper Co Brunswick, Ga. 
Buckeye Cellulose Corp Foley, Fla. 
Calcasieu Paper Co., Ine Elizabeth, La. 
Champion Papers, Ine ... Canton, N. C. 

DO. == ee Pasadena, Tex. 
Container-Corp. of America Brewton, Ala. 
Continental Can Co Augusta, Ga. 

1 onc . eL ne d Savannah, Ga. 

J!. AAA cr Hodge, La. 

AAA Hopewell, Va. 
Coosa River Newsprint Co.......... Coosa Pines, Ala. 
Crossett Paper Mills Crossett, Ark. 
Crown Zellerbach Corp Bogalusa, La. 

DG A St. Helens, Oreg. 

DIO EE Camas, Wash. 

DO so slc a le Port Townsend, Wash. 
Dierks Paper Co Pine Bluff, Ark. 
East Texas Pulp & Paper Co Evadale, Tex. 
Fibreboard Paper Products Corp. Antioch, Calif. 
Georgia Kraft Co- Macon, Ga. 
Georgia Pacific Paper Co --- Toledo, Oreg. 
Gulf States Paper Corp............. Demopolis, Ala. 

J))!!! ˙̃ a Tuscaloosa, Ala. 
Halifax Paper Co., Inc Roanoke Rapids, N.C. 
Hudson Pulp & Paper Corp........... Palatka, Fla. 
International Paper Co —— Mobile, Ala. 

KEEN Camden, Ark. 

PJ)! a ei Pine Bluff, Ark. 

A Panama Clty, Fla. 

WO GER Bastrop, La. 

7 do Springhill, La. 

J)) Moss Point, Miss. 

)! G—G—(—— yas Natchez, Miss. 

P. se Seat e North Tonawanda, N.Y 

Be EE Ticonderoga, N.Y. 

PFC Georgetown, S.C. 
ieee Fibre Co. Longview, Wash. 
Marathon Southern Corp..........- Naheola, Ala. 
The Mead Corp-------------------- Chillicothe, Ohio 

DOs no eee A Kingsport, Tenn. 
Mosinee Paper Mills Co- Mosinee, Wis. 
Olin Mathicson Chemical Corp West Monroe, La. 
Owens-Iliinois Glass CO Jacksonville, Fla. 

DOs ee at Se Valdosta, Ga. 
Packaging Corp. of America Filer City, Mich. 
Potlatch Forests, Ine Lewiston, Idaho 
Rayonier, Inc Jessup, Ga. 
Riegel Carolina Corp Acme, N.C. 

Rome Kraft Co- Rome, Ga. 

St. Joe Paper Co. .. LLL. Port St. Joe. Fla. 
St. Marys Kraft Corp St. Marys, Ga. 

St. Regis Paper Co... Jacksonville, Fla. 

DI ³· A Pensacola, Fla. 

Dó- ssl lr C A e Tacoma, Wash. 
Scott Paper Co. Mobile, Ala. 
Southland Paper Mills, Ine Lufkin, Tex. 
Southwest Forest Industries, Inc... Snowflake, Ariz. 
Tennessee River Pulp & Paper Co.. Counce, Tenn. 


Thilmany Pulp & Paper Co Kaukauna, Wis. 
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Company : Location 
Union Bag-Camp Paper Corp Savannah, Ga. 
Ossett 88 Franklin, Va. 
West Virginia Puip and Paper Co... Luke, Md. 
) DY A te ue eee ee Tyrone, Pa. 
7§§?%ê*ͤ Williamsburg. Pa. 
Docus Charleston, S.C. 
Dücane Covington, Va. 
Western Kraft Co Albany, Oreg. 
Weyerhaeuser Co —— Plymouth, N.C. 
D0 cul A ee ES Everett, Wash. 
P ees io Longview, Wash. 
Weyerhaeuser Timber Co... seen Springfield, Oreg. 


These were mainly sulfate pulpmills, but a few were soda pulpmills. 

Captive, high-calcium quicklime for beet-sugar manufacture was 
produced in vertical limekilns at many beet-sugar plants in Western 
and Midwestern States. Both carbon dioxide and lime are necessa 
in the production of beet sugar, and the calcination of limestone 1s 
conducted at each beet-sugar plant to produce these chemicals. Ap- 
proximately 500,000 short tons of captive quicklime that had not been 
reported to the Federal Bureau of Mines had been produced at beet- 
sugar plants to manufacture the 2,465,000 short tons of beet sugar 
reported for the year 1960-61.“ Cane-sugar plants also used lime. 
Their lime requirements, being much less than in beet-sugar manufac- 
ture, did not justify plantsite kilns, and lime was purchased as needed. 

Beet sugar was produced at the following plants,’ and coke-fired 
vertical kilns were used to produce captive quicklime and carbon 
dioxide for beet-sugar manufacture. 


Company: Location 
The Amalgamated Sugar Co...... Nampa, Idaho 
)§«§Ü% ⅛ cosa Preston, Idaho 
7 AAA Rupert, Idaho 
P7;ͤ% A Twin Falls, Idaho 
B99... ³ð A Nyssa, Oreg. 
Pö·Ü . A 8 Lewiston, Utah 
American Crystal Sugar Co........ Clarksburg, Calif. 
J!! od Rocky Ford, Colo. 
jp A A Mason City, lowa 
AAA IO Chaska, Minn. 
10. c ts Crookston, Minn. 
DO csse 8 East Grand Forks, Minn. 
DO AAA Moorhead, Minn. 
)! da Missoula, Mont. 
DOs nacen Grand Island, Nebr. 
Buckeye Sugars, Ine Ottawa, Ohio 
The Great Western Sugar Co...... Brighton, Colo. 
7 AAA Eaton, Colo. 
Do. lcunsdulcdcu c cau e qe Ft. Morgan, Colo. 
e RM nU Greeley, Colo. 
77 AAA Longmont, Colo. 
P)) A Loveland. Colo. 
P A 8 Ovid, Colo. 
DO se hee eee et Sterling, Colo. 
WO EE Windsor, Colo. 


E ees penartmene of Agriculture. Foreign Agriculture Circular. Sugar FS 2-61, July 
56.8. Department of Agriculture, Sugar Division, Commodity Stabilisation Service. 
Beet Sugar Factories of the United States. March 1961, pp : 

U.S. partment of Agrleulture. Sugar Reports. No. 7, March 1961, pp. 7-9, 12. 
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Company: Location 
The Great Western Sugar Co. Billings, Mont. 
Pr. mede Bayard, Nebr. 
S½½]§ĩ—¹.!déẽĩ Gering. Nebr. 
P See eee Mitchell, Nebr. 
D0 AAA -~ Scottsbluff, Nebr. 
DO: eb etek Lovell, Wyo. 
Holly Sugar Corp Alvarado, Calif. 
P Carlton, Calif. 
J))... ⁵ĩð ce Dyer, Calif. 
Dc ccs. m NN o T Hamilton City, Calif. 
ERR Tracy, Calif 
P)) 5A AAA Delta, Colo. 
y ARA Hardin, Mont. 
Dö A A ni ge eod Sidney, Mont. 
DOS ose —öͤ : Torrington, Wyo. 
J))... Worland, Wyo. 
Menominee Sugar Co- Green Bay, Wis. 
Michigan Sugar Co- Caro, Mich. 
DO se ree a ee Carrollton, Mich. 
S!. tct le cce. Croswell, Mich. 
P Sebewaing, Mich. 
Monitor Sugar Div., Robert Gage 
Coal e c see eos Bay City, Mich. 
The National Sugar Manufacturing 
CO EECH Sugar City, Colo. 
Northern Ohio Sugar Co- Findlay, Ohio 
DO EE Fremont, Ohio 
Spreckels Sugar Co Manteca, Calif. 
DO DEE Spreckels, Calif. 
DO sae soe ²³V aid Woodland, Calif. 
Union Sugar Div., Consolidated 
Foods Corp Betteravia, Calif. 
Utah-Idaho Sugar Co- Idaho Falls, Idaho 
| 87 MEUM repo cocto Belle Fourche, S. Dak. 
P)). Garland, Utah 
o oth tk 88 West Jordan, Utah 
DO E al Moses Lake, Wash. 
¡AAA IR Toppenish, Wash. 
Alabama Metallurgical Corp., Selma, Ala., quarried dolomite (18 
to 20 Percent MgCO,) at Montevallo, Ala., and calcined it to dolomitic 
quicklime in a natural-gas-fired 814- by 170-foot rotary kiln. Mag- 


nesium was extracted from the dolomitic quicklime. 

Ray Mines Division, Kennecott Copper Corp., completed a 90-ton- 
a-day lime plant, costing $700,000, at Hayden, Ariz., in March. Five 
Ellernan vertical kilns (514 feet by 1134 feet by 1714 feet high) pro- 
duced pebble quicklime at 2,200° F from limestone quarried 1 mile 
east of Hayden. Daily capacity was 18 tons of quicklime per kiln. 
Each kiln had two parallel calcining chambers containing 40 baffles 
to tumble the charge, check its downward movement, and insure 
uniform calcination. A hydrator, 16 feet in diameter, converted 
quicklime to milk of lime of 1.08 specific gravity for pH contro] in the 
Hayden flotation plant. Five to 10 pounds of quicklime was con- 
sumed per ton of copper ore mined 22 miles away at Ray, Ariz. 

Ordinarily the new 7- by 100-foot rotary kiln at the City of San 
Diego (Calif.) Water Department was fired by natura] gas, but it 
could be converted to oil or to firing by both fuels combined when 
necessary. Calcium carbonate sludge, precipitated by processing Col- 
orado River water, was partially dewatered by centrifuging and then 
calcined at 2,200° to 2,300° F to produce 25 tons of quicklime daily. 
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A chain system, that extended for 9 feet inside the kiln near the feed 
end, accelerated further water reduction in the sludge from 35 to 10 

rcent by weight and increased the thermal efficiency of the kiln. 

xpensive sludge disposal and lime purchases at more than $25 a ton 
had been eliminated by this $535,000 lime plant that operated inter- 
mittently for 10 days a month in the winter but for as much as 20 
days a month in the summer. Continuous, year-round lime pro- 
duction was anticipated after sludge also became available from a 
water-treatment plant being built at nearby Miramar. 

Holly Sugar Corp. installed a modern natural-gas-fired vertical 
limekiln at its Carlton, Calif., beet-sugar plant. 

Colorado Fuel & Iron Corp. began erecting a $2.5 million lime 
plant at Pueblo, Colo., to produce quicklime for its new basic-oxygen 
steelmaking plant. 

Chemical ime, Inc., Brooksville, Fla., began producing quick- 
lime from Eocene Ocala limestone in a vertical fluidized-bed calciner. 
The $2.5 million plant was owned by Camp Concrete Rock, Inc., Ocala, 
Fla., and Lee Lime, Inc., Lee, Mass. 

American-Marietta Co., Chicago, Ill, and The Martin Co., Balti- 
more, Md., were consolidated into the Martin Marietta Corp. on Oc- 
tober 10. Three divisions were planned: Construction materials 
chemicals, and Martin. The construction materials division woul 
operate in the former American-Marietta Co. headquarters, Chicago. 

tandard Lime & Cement Co., Baltimore, and Southern Cement Co., 
Birmingham, Ala., former] divisions of American-Marietta Co., be- 
came divisions of Martin Marietta Corp. The seven Standard Lime 
& Cement Division lime plants were at La Grange, Ill., Woodville, 
Ohio, Pleasant Gap, Pa., Knoxville, Tenn., Kimballton, Va., and 
Martinsburg and Millville, W. Va. The two Southern Cement Di- 
vision lime plants were at Keystone and Roberta, Ala. Quicklime 
produced at Keystone was transferred to Roberta and reported as part 
of the Roberta quicklime and hydrated lime production. 

Quicklime production was reported in Kansas for the first time 
since 1920. Midwest Lime Co., Inc., Bonner Springs, Kans., began 
production of open-market quicklime in February. High-calcium, 
Pennsylvanian Upper Farley limestone, purchased from Lorin 
Quarries, Inc., was calcined at about 2,300? F in a natural -gas-fired, 
5714-foot vertical kiln. Daily capacity, initially 60 tons of quick- 
lime, rose to 75 tons, and it was expected to reach 100 tons. Fuel 
consumption was only 4.5 million Btu per ton of quicklime. The 
quicklime was sold for municipal water treatment at Kansas City, Mo. 

Lime production was reported from Kentucky for the first time 
since 1940. Air Reduction Chemical & Carbide Co., a division of Air 
Reduction Co., Inc., began eier a rotary kiln at Calvert City, 
Ky., in 1960 to produce captive quicklime for calcium carbide manu- 
facture. Waste sludge from former calcium carbide production was 
the kiln feed. Hydrated lime, a byproduct of calcium carbide opera- 
tions, was offered in an exclusive spray-dried form that was econom- 
ical to ship and handle. This lime hydrate was recommended as a 
neutralizing agent for acids and acidic wastes, as a causticizing agent 
for aluminum and paper manufacture, as a flux in sintering iron ore, 
as a construction material, and for sewage treatment. 
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TABLE 3.—Lime sold or used by producers in the United States,’ by States 


Short tons Value Active | Short tons Value 
plants plants 
Alabam an. 7 3 538, 083 | 2 $6, 503, 406 8 579,311 $6, 870. 559 
Arivona..........-..........-... 5 147, 758 2, 429, 746 6 166, 7 2, 686, 326 
Arkansas 2 3 6 191, 700 3, 168, 354 
Caliſornla 7 5, 344 6. 628, 223 19 517, 951 9, 412. 021 
Colorado 2 3 14 74, 955 1, 318, 572 
Connecticut 1 34. 664 615. 718 1 32, 987 589, 165 
Florida 4 150, 958 2. 610, 505 5 213. 155 3. 554, 686 
CCT 2 (3) ( 2 14, 354, 428 
%% SI ⅛ A hh. EE 5 46, 760 657, 656 
e EH 5 (3) VM 5 8 
0 A AA EE 1 (3) 2 
JJ S) ² ⅛ A. A 1 15, 494 192, 900 
Kontucky EE AA ůͥůͤu mmw EE 2 ) (3) 
Islana e wem 3 (3) 10 926, 542 11, 893, 039 
Maryland...................... 3 (3) 4 96, 127 1,301,871 
Massachusetts 3 153. 710 2. 370, 059 3 144, 831 2, 306, 710 
ehh Â... 7 1, 177, 431 15, 730, 384 13 1,210, 675 15, 959, 768 
Minnesota cec 1 (3) (3) 5 6 6) 
SEKR EE AAN EE, GER 3 3 3) 
Soll! — 6 1, 254, 269 14, 701, 377 6 1, 172, 557 13, 873, 492 
Montana 2 (3) Q) 6 117, 742 985, 
NGDrask@ REENEN EE Cen TRIN cR 5 8 (3 
Nevada 4 o 0 4 q 
New Jersey 1 ( (3 1 (3) 
New Mexico 1 35, 707 496, 327 1 25, 210 350, 419 
New Fork 4 (3) (3) 6 (3) (3) 
O ean DePUr eT wks 20 3, 116, 891 44, 403, 404 23 8, 123, 054 42, 158, 203 
Oklahoma 1 (8) 8 1 
Oregon. ................-...-..- 2 (3) (3 7 221, 463 6, 157, 173 
Pennsylvanla 2 1, 120, 463 16, 276, 512 2 1,124,158 | 16, 896, 334 
each ie F ! 681 Dy 985 , Ai 000 
e d` WEEN 
Tennesse 3 d 0 3 VM 8 
CC ²˙·; E 10 821, 442 9, 087, 109 12 879, 749 9, 735, 646 
A AS 8 4 127, 210 2, 671, 923 7 142, 430 2, 625, 919 
Vermont 2 ) (3 2 () (3) 
Virginia... 10 711, 039 8, 027, 086 11 738, 7 8, 595, 625 
Washington nns 8 9 349, 247 8. 480, 877 
West VIr gina 3 (3) 6 3 (3) 
III! T esE 6 (3) 3) 9 160, 988 2, 480, 152 
Wyoming AAA ę]¶x¶G U V V8 3 (3) 
Undistributed .........-......../---....- 3, 201, 648 41, 090, 065 |........ 2, 905, 725 38, 520, 262 
oe 0 158 | 2 12, 935, 198 | 1 172, 747, 729 259 16, 193, 129 | 210, 140, 901 
! Includes Puerto Rico. 


3 Revised figure. 

3 Included with “Undistributed” to avoid disclosing individual company confidential data, 
* Not canvassed before 1961. 

$ Incomplete total. 
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TABLE 3.—Lime sold or used by producers in the United States,’ by types and 


major uses 
(Short tons) 
1960 1961 
Type and use 
Sold Used Total 
uicklime........-....--- 2 3, 969, 060 |210, 220,433 6, 140,827 | 6,418,765 | 12, 550, 592 
ydrated lime , 937, 963 776.802 | 2,714,765 | 2,172, 597 460,940 | 2,633, 537 
Total lime 8, 189, 336 | 2 4,745, 862 |312. 935, 198 | 8,313, 424 15, 193, 129 
E M f —À—M M —— Le Fö ;—. A o — 1 
Agricultural: 
jcklime. ..........- 76, 530 76, 530 77, 030 71,030 
ydrated lime........ 110, 239 |............ 110, 239 121, 327 121, 327 
Total 186, 700 186, 769 198, 357 198, 357 
Construction: 

Quicklime ee 92, 869 2 98, 520 78, 212 84, 021 
ydrated lime. 1, 036, 115 1,110,110 | 1,068, 467 1, 139, 688 
Total 1, 128, 984 31,208,630 | 1,146,679 1, 223, 709 

Chemical and other indus- 

Quicklime.......... 4, 159, 932 8,006,123 | 4,081, 669 10, 415, 782 
ydrated lime...... 791, 609 1, 494, 416 982, 803 5 
Total. 4, 951, 541 9,590, 539 5, 064, 472 11, 788, 304 

Refractory Wanton i 
dolomite) 1, 922, 042 1, 949, 260 | 1,903, 916 1, 982, 750 
Includes Puerto Rico. 
3 Revised figure. 


TABLE 4.—Number and production of domestic lime plants by size of operation * 


1960 1961 
Annual production (short tons) Production Production 
Plants Plants 

Short tons | Percent Short tons | Percent 

of total of total 
Less than 10, 00 132, 610 88 356, 174 2 
10,000 to less than 25,000. ................. 309, 505 44 729, 355 5 
25,000 to less than 50, 00000 2. ee 21,329, 279 47 1, 731, 372 12 
50,000 to less than 100,000 cs ina dao 1,865, 399 38 2, 602, 955 17 
100,000 to less than 200,000 3, 197, 794 24 3, 339, 530 22 


200,000 and over rr 6, 100, 611 18 | 6. 433, 743 42 
Total A ß 158 |212, 935, 198 259 | 15, 193, 129 100 


1 Includes captive tonnage. 
3 Revised figure. 
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Air Reduction Chemical & Carbide Co.’s second carbide lime 
reclamation plant was being completed at Bell’s Lane, Louisville, Ky., 
to provide additional quicklime for calcium carbide manufacture. 
Both lime plants had been announced in 1957, but construction of the 
Louisville plant had been postponed until the Calvert City plant had 
been built and placed in operation. This second lime reclamation 
plant, costing $2.75 million, was to begin operation early in 1962 with 
an 11- by 220-foot rotary kiln rated at 330 tons of quicklime daily. 
Kiln feed would be waste lime from an 80-acre deposit 75 to 80 feet 
thick that had accumulated since 1942. This captive quicklime pro- 
duction would eliminate the need for purchased quicklime from 
Missouri. 

Elliston Lime Co., Elliston, Mont., was expected to double produc- 
tion of quicklime and hydrated lime under new management. 

Captive dolomitic lime was produced by H K. Porter Co., Inc., 
Pascagoula, Miss. This lime was used to produce magnesia. Dolo- 
mite from Alabama was calcined at 2,300? F in a 9- by 300-foot rotary 
kiln fired by natural gas. Dolomitic quicklime was ground and com- 
bined with magnesium chloride from sea water in a reactor tank to 
form magnesium hydroxide which was calcined to magnesia. Some 
dolomitic quicklime was hydrated and used to soften sea water. 

Ash Grove Lime & Portland Cement Co., Kansas City, Mo., was 
erecting a limekiln with a traveling grate at its Springfield, Mo., 
lime plant. 

The pharmaceuticals firm, Chas. Pfizer & Co., Inc., New York, N.Y., 
purchased New England Lime Co., with lime plants at Adams, Mass., 
and Canaan, Conn., for about $13 million on October 18. Plans to 
increase capacity were announced. High-purity lime is used in the 
DIOS of citric acid, and Pfizer was & major citric acid pro- 

ucer.® 

Cuyahoga Lime Co., Cleveland, Ohio, a joint venture of Minerals & 
Chemicals Philipp Corp., Menlo Park, N.J., and Neville Lime Co. of 
Ohio began GE high-calcium, metallurgical quicklime for the 
steel industry. Limestone (over 97.5 percent CaCO,) was brought 
by boat from Michigan, where it had been quarried by Presque Ísle 
Corp. The four natural-gas-fired, vertical kilns, each rated at 100 
tons a day, had been designed by Chemstone Corp., Strasburg, Va., 
the limemaking subsidiary of Minerals & Chemicals Philipp Corp. 
= first kiln was started January 9, and all four kilns were operating 
in May. 

Gibiouburg Lime Products Co., Gibsonburg, Ohio, acquired the 
building and industrial lime business of Woodville Lime and Chem- 
ical Co., Woodville, Ohio. 

National Lime and Stone Co., Findlay, Ohio, purchased the Scioto 
Lime and Stone Co., Delaware, Ohio, that had operated since 1860. 
Plant improvement was planned. 

A new nntural-gas-fired vertical limekiln was installed at the 
Nyssa, Oreg., beet-sugar plant of The Amalgamated Sugar Co. 

Some lime from South Puerto Rico Sugar Co., Ensenada, was sold 
or used. Virtually all lime used in Puerto Rico for sugar refining, 


* Pfizer News. Pfizer Acquires New England Lime, Announces Capital Expansion Pro- 
gram. Oct. 18, 1961, 4 pp. 
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for other chemical and industrial applications, and for construction 
was imported. 

Established 42 miles west of Salt Lake City at Dolomite in 1914, 
The Utah Lime & Stone Co. lime plant had been purchased by The 
Flintkote Co. in 1958 and enlarged. Both dolomite quarried near the 
plant and high-calcium limestone from Flux, 2 miles east, were cal- 
cined. A new 9- by 140-foot, oil-fired rotary kiln calcined the dolo- 
mite, and five old Ellernan vertical kilns calcined the limestone. 
Dolomitic quicklime had been produced previously in vertical kilns. 
Introduction of the rotary kiln and a pressure hydrator had so stimu- 
lated the calcining of dolomite that a new quarry was started in rock 
containing 44 percent MgCQs. 

No open-market lime had been produced in Washington since 1956. 
Dominion Tar € Chemical Co., Vancouver, British Columbia, 
announced plans for a $3 million lime plant, Pacific Lime Co., Ltd., at 
Tacoma, to be operated by its subsidiary, Gypsum, Lime & Alabastine, 
Ltd. Limestone barged from Blubber Bay, Texada Island, British 
Columbia, would be calcined to produce up to nearly 200 tons of quick- 
lime daily. A flat-glass plant to be built at Tacoma was expected 
to consume some of the lime. 

The Mosinee Paper Mills Co., Mosinee, Wis., installed a $500,000 
lime recovery system that reduced from 630 to 50 pounds the amount 
of pere lime required to produce a ton of pulp. Waste lime 
sludge was calcined in a rotary kiln 140 feet long.’ 

The lime industry had more excess productive capacity at the end 
of the year than at any time since the end of World War II, yet three 
lime companies planned to increase annual capacity by an average of 
35,000 tons per company in 1962. The open-market lime industry 
operated at about 75 percent capacity, and the unused capacity had a 
depressing effect on prices. In addition to the intense competition 
caused by excess capacity, the industry also was faced with increas- 
ing operating costs, reduced markets in masonry construction and 
agriculture, and depletion of high-grade limestone formations, Lime 
plants at Frederick, Md., Luckey and Woodville, Ohio, York, Pa., and 
Knoxville, Tenn., had shut down. Rotary kilns produced about 80 
percent of the commercial quicklime, according to one estimate.® 


CONSUMPTION AND USES 


Seventy-eight percent of the U.S. lime production was used by 
chemical und industrial plants, 13 percent as 55 material, 8 
percent in construction, and 1 percent in agriculture. Disregarding 
refractory lime or dead-burned dolomite, chemical and industrial uses 
consumed 89 percent, construction 9 percent, and agriculture 2 percent. 

There were gains in some leading uses of lime: Soil stabilization, 
metallurgy other than steel, petroleum refining, and the manufacture 
of petrochemicals, pulp and paper, and sugar. The apparent gains 
in the manufacture of pulp, paper, and sugar were mainly the result 


1 SE SE Reconstituted Lime Used in Paper Processing. V. 64, No. 2, February 
e Rach Products. Lime: Marking Time in '62? v. 65, No. 1, January 1962, p. 84. 
mug Tad Engineering. Lime Production at 75% of Capacity. V. 14, No. 2, February 1962, 
p. 
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of more complete coverage in canvassing. Consumption remained 
virtually unchanged from 1960 in agriculture, in masonry and refrac- 
tory lime, in ore concentration, sewage and trade-wastes treatment, 
tanning, softening and purification of water, and in the manufacture 
of alkalies, calcium carbide, glass, and steel. Less lime was used in 
roducing precipitated calcium carbonate, insecticides, fungicides, and 
isinfestante, in food and food byproducts, and as finishing lime. 


TABLE 6.—Lime sold or used by producers in the United States,’ by major uses 


1961 
Use 

Agricultural.................. : 198, 357 $2, 588, 059 $13. 05 
Construction. ................ 31,208,620 | 221,281, 943 3817.61 1, 223. 709 21, 012. 725 17.20 
Chemical and industrial uses. 9,560,539 | 116, 504, 442 12.15 | 11,788, 304 | 153, 996, 870 13. 06 

Refractory (dead-burned dolo- 
i eh 1, 949, 260 32, 467, 399 16.66 | 1, 982. 769 32, 513, 247 16. 40 
dk, d'V BEER 3 12,935, 198 | 3 172, 747, 729 13.35 | 15,193,129 | 210, 140. 901 13. 83 


1 Includes Puerto Rico. 
3 Selling value, Lob plant, excluding cost of container. 
3 Revised figure. 
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TABLE 7.—Lime sold or used by producers in the United States, by uses 


(Short tons) 
1960 1961 
Use 
Captive Total 
Agriculture 186,769 | 188. 387 
Construet ion: 
Finishing lime............ 474, 313 
Mason’s lime. ....--...... 1 542, 032 
Soll stabilization.......... 171, 939 223, 304 
Other 20,346 | 16. 774 — 
Noe!!! 8 1 1, 208, 630 
Chemica! and nther industrial: 
Alkalies (ammonium, po- 
tassium, and sodium 
compounds) 3, 017, 297 
Brick, sand - lime and slag. 9,751 | 10, 2492 
Brick, sllica............... 20,356 | 12,481 [............ 
Calcium carbide ......... 1, 079, 048 
Calcium carbonate (pre- 
cipitated)..............- 71, 282 
Coke and gas (gas purifi- 
catlon and plant by- 
products) 21, 230 
Food e food byprod- 
nei 40,782 | 1:8. 983 
13·˙5 88 247,907 | 250, 099 
Insecticides dee 
and disinfectants 41, 141 
Metallurgy (other) B. x 206 
OU well drilling 9,262] 1.75772 
Ore concentration 4....... 778, 365 
Palt EE 11, 605 
Paper and pulp Bee 838, 153 
Petrochem 91 Cere. 146. 905 
Petroleum refining........ 42,755 | 67, 150 
Rubber 1,2721 8588 
Sewage and trade-wastes 
treatment 132, 333 
Steel (open hearth: basic 
oxygen, and electric fur- 
nace flux) 1, 605, 864 1, 491. 543 1, 586, 751 
Sugar 41, 471 52. 570 524. 723 
Tannerlies................. 62, 899 59, 348 59. 848 
Water softening and purl- 
fication. ...............- 777, 530 732, 235 799, 971 
Wire drawing 3, 751 9, 140 |............ 9, 140 
Undistributed . 497, 284 324, 532 , 
TO ini 9, 590, 539 5, 064, 472 11, 788, 304 
Refractory lime (dead- 
burned dolomite) ....... 1, 949, 260 | 1, 903, 916 1, 982, 759 
Grand total........... ; 8, 313, 424 15, 193, 129 
! Revised figu 


A d tre sik “Undistributed” and “Total” columns to avoid disclosing individual company con- 
ent ata. 

3 Includes various metallurgical uses. 

$ Includes flotation, cyanidation, bauxite purification, and magnesium manufacture, 

5 Includes alcohol, calcium carbonate (precipitated), medicine and drugs, explosives, paint, petrochem!- 
cals, salt, miscellaneous, and unspecified uses 
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TABLE 8.—Apparent consumption of lime sold and used in the United States 


(Short tons) 
1960 1961 
State 
Quicklime | Hydrated Total 
lime 

Ji 050 VE 257. 202 75, 830 333, 092 
— ̃ EE ina t . —“Ü—᷑— e? 231 e 
TT NEE A 135, 57 25, 259 160, 829 
IN. ra 63, 027 9, 333 72, 360 
Gr.... 409 590 7, 941 507. 531 
a "e EESTI qu SI 17, 471 11, 526 28, 997 
Connecticut. ................. 46, 096 25, 107 71,203 
a AL A 35, 783 9, 587 45, 370 
„ ee E IM O 8, 635 8. 635 
„„ AA A A 248, 866 57, 096 305, 962 

VUA. LC a MENA A 75, 139 22, 023 97, 702 
TC RRA EN, RULE el (1) G 
C een OSA 2, 315 2, 649 4, 964 
11 73. 461 108. 728 482. 189 
. 528. 847 62, 530 591, 377 
11171... ˙ ͤV!T—ͤ——: A ICE, 80, 381 18. 130 98, 511 
KO ⁵˙üUn—2ñ2]—I 37, 896 15, 478 53, 374 
F 503. 653 18. 094 521. 747 
R ̃ͤ ee EE 617. 640 35, 668 653, 308 
TT. E AI A EC 48, 526 10, 404 58. 930 
E ENE ERE 168, 902 26, 586 195, 488 
Massachusetts 35. 098 46, 731 81, 829 
F 806, 390 595, 599 1, 401, 989 
Tue A 95, 372 19, 910 115, 282 
Mississippi. IA 39, 750 10, 578 50, 328 
r 110. 703 53. 255 163, 958 
MONNA; EA 78, 054 5, 989 84, 043 
1 10, 499 11, 556 22, 055 
O A eS SE eee 356 36, 546 36, 902 
New Hampshire.............. 4, 861 5, 465 10, 326 
. 33, 254 71, 258 104, 512 
NOW MU Dicc 4, 869 50, 886 55. 755 
a REL AA ee 1, 271, 977 124, 103 1, 396, 080 
North Carolina..............- 102, 007 27, 174 129, 181 
Norm Dakoti- oorr mino 7, 357 1, 532 8, 889 
u.a zu eh efc. Cil 1, 671, 747 117, 163 1, 788, 910 2, 000, 429 
A E OA EE 38, 397 12, 680 51, 077 , 5S , 
P 49, 454 8, 975 58, 429 9, 730 240, 348 
Penn enn 1, 028, 769 238, 498 1, 267, 267 1, 208, 306 
Rhode Island................. 8, 707 6, 342 15, 049 : 3 767 
South Carolina............... 12, 790 7, 711 20, 501 
ot ao: ERA 8, 429 1, 058 9, 487 28, 338 
eh PC ame e 47,036 27,019 74, 055 73, 626 
poo SS ee ee 441, 058 400, 968 842, 026 927, 939 
. 86. 672 23, 762 110, 434 
Lu" ` AIS ES ATAR 1, 825 1, 825 : 416 
Lu. Za KEE 272, 516 37, 199 309, 715 1 Kéi 430, 120 
LIA ees 19, 007 11, 536 30, 543 2 
LI Wie AR A 166, 218 20, 578 186, 796 : 4 350, 549 
por MM EA A 94, 981 55, 464 150, 445 5, 148, 745 
poo, MEE ARA 502 4,017 4, 519 29, 390 

TT 10, 197, 255 2, 676, 812 | 12,874,067 | 12, 272, 578 14, 863, 324 


1 Figure withheld to avoid disclosing individual company confidential data, not included in total. 
PRICES AND SPECIFICATIONS 


The average price of open-market and captive quicklime and hy- 
drated lime, f.o.b. plant, excluding the cost of containers, increased 
from $13.35 a ton in 1960 to $13.83. Unchanged lime prices were 
reported throughout the year by Oil Paint and Drug Reporter.? 
Bulk quicklime was $14.25 a ton, bagged hydrated lime, $17.25 a ton, 
and bagged hydrated spray lime, $18.25 a ton. These prices, which 


E Paint and Drug Reporter. V. 179, Nos. 1-26; v. 180, Nos. 1-26; Jan. 2-Dec. 25, 
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had been the same since April 21, 1958, were for 25-ton carlots from 
Eastern lime plants near New York City. Delivered wholesale New 
York City prices were $6.29 a ton higher when the freight charge from 
the nearest producing point was added. 

Chemical & Engineering News reported bagged agricultural lime 
at $14.50 a ton, lump quicklime and pebble quicklime in bulk for 
chemical uses at $9.50 to $25.10 a ton, bagged hydrated lime at $10.00 
to $17.50 a ton, and bagged hydrated spray lime at $11.00 to $17.00 a 
ton. All prices were at the lime plant.'^ Three-fourths of the lime 
companies did not raise prices 1n 1961, and two-thirds of the lime com- 
panies did not expect to raise prices in 1962." 


FOREIGN TRADE ”* 


Imports. —Six border States (Maine, New Hampshire, Vermont, New 
York, Michigan, and Washin 2 imported Canadian quicklime, 
hydrated lime, and dead-burned dolomite or refractory lime. Fifty- 
three percent of the Canadian lime entered Washington; 37 percent, 
New York; 8 percent, Michigan; 2 percent, Vermont; and less than 1 
percent, Maine and New Hampshire combined. More than 99 percent 
of the imported lime came from Canada. Some refractory lime was 
shipped into Los Angeles, Calif., from the United Kingdom and West 
Germany, and into New York City from France. Puerto Rico im- 
ported 251 short tons of hydrated lime from Colombia. 


TABLE 9.— U.S. imports for consumption of lime 


Hydrated lime Other lime Dead-burned Total 
dolomite ! 


Short Value Short Value Short Value 
tons 3 tons? tons 3 


29, 097 | $506, 162 5, 534 | $374, 399 35, 763 | $896, 862 
39, 002 | 637, 421 10, 119 | 639,741 49, 666 | 1,331, 765 
5,686 | 322, 386 25, 508 661, 527 
8, 468 | 495,952 35, 372 947, 628 
4 12, 932 | 4550,365 | 332,053 934, 013 
4,256 | 233, 271 36, 624 746, 333 


1 Dead-burned basic refractory material consisting chiefly of magnesia and lime, 
2 Includes weight of immediate containcr. 

Revised figure. 

* Adjusted by Bureau of Mines. 


Source: Bureau of the Census. 


Exports.—Lime was exported to 33 countries. Canada received 57 
pereon of the exported lime; Canada, Mexico, Costa Rica, Panama, 

icaragua, and the Bahama Islands, in decreasing order, received 92 
percent. The other 8 percent went to 27 countries in North America, 
Sek: Africa, South erica, Oceania, and Europe, in decreasing 
order. 


* Chemical & Engineering News. V. 39, No. 26, June 26, 1961, p. 66. 

u Rock Products. Lime: Marking Time in '62? V. 65, No. 1, January 1962, p. 84. 

bé Ze on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 


816 MINERALS YEARBOOK, 1961 


TABLE 10.—U.8. exports of lime 


Year Short Value Year Short Value 
tons tons 
1952-56 (average).......... 76, 666 | $1,377,815 || 1959....................--- 52.790 | $1. 000. 337 
ARA 65, 195 1. 328. 57^ || 1960 61.06 991. 769 
A INCUN 45,844 | 1,047,310 || 1961...................... 29, 969 920. 668 


Bourco: Bureau of the Census. 


WORLD REVIEW 
NORTH AMERICA 


Bahamas.—Only 2,960 short tons of lime (74,000 bushels) valued at 
US$51,000 was produced in 1960. The decline from 4,120 tons pro- 
duced in 1959 was attributed to a slowdown in private construction 
during 5 months of political uncertainty. Some lime plants reported 
production 50 percent below 1959. Quicklime was obtained from 
coral limestone, the only stone quarried in the Bahamas.” 

Barbados.—Quicklime production in 1960 was 11,200 short tons 
valued at US$88,500.** 

Canada.— The preliminary estimate of total lime production in 1961 
was 1,385,953 short tons valued at Can$17,275,787 (Can$12.46 a ton). 
The final 1960 lime production total was 1,529,568 tons valued at 
Can$19,301,790 (Can$12.62 a ton). Average values per ton in 1960 
were Can$13.06 for quicklime and Can$12.42 for hydrated lime. 
Output declined 9 percent again; 1960 production had been 9 percent 
below that of the record year, 1959. Reduced consumption by ura- 
nium, pulp and paper, alkali, and calcium carbide industries was 
responsible. 

The 36 lime plants that operated in 1960 had 190 vertical kilns, 
27 rotary kilns, and an overall daily capacity of 8,100 tons of quick- 
lime. ‘There were, in addition, two hydrating plants in Manitoba. 
Numerous pulpmills and papermills produced an undetermined quan- 
tity of captive lime from calcium carbonate sludge. Canada Depart- 
ment of Mines and Technical Surveys designated quicklime produced 
from E calcium carbonate sludge as secondary lime to dis- 
tinguish it from primary quicklime derived from limestone and 
dolomite. Chemical and industrial uses accounted for 88 percent, 
construction 11 percent, and agriculture 1 percent of the second 
1,685,725 short tons of lime consumed in 1959. In descending order, 
the major lime consumers in 1959 were: Uranium mills, pulpmills 
and papermills, iron and steel mills, and nonferrous smelters.'* Dur- 
ing 1959, 14,654 short tons of hydrated lime, costing Can$149,704 
(Can$10.22 a ton) at works, and 38,796 tons of quicklime, costing 


ee 1a Copiate EES Bahamas, British West Indies. State Department Dispatch 
; ny 3. . p. 1. 

u U.S. Consulate. Barbados. State Department Dispatch 59. Mar. 27, 1961, p. 1. 

18 Dominion Bureau of Statistics (Ottawa). Preliminary Estimate of Canada’s Mineral 
Production. 1981. Jan. 2, 1982, p. 4. 

14 Ross, J. S. Lime, 1960. Canada Dept. of Mines and Tech. Surveys, Ind. Min. Div. Rev. 
39, May 1961, 7 pp. 
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Can$614,929 (Can$15.85 a ton) at works, were used in chemicals and 
allied products.“ 

The Canadian Lime Association was organized with 11 charter- 
member companies that produced 80 percent of the Canadian lime. 
One aim of the Association, which met in Ottawa in February, was 
to encourage the use of lime in soil stabilization.'* Resumption of 
lime production in Nova Scotia was anticipated after a lapse of 18 

earg.1? 

The following beet-sugar plants reported captive high-calcium 
quicklime production in 1960: Raffinerie de Sucre de Quebec, St. 
Hilaire, Quebec; Canada & Dominion Sugar Co. Ltd., Chatham and 
Wallaceburg, Ontario; The Manitoba Sugar Co. Ltd., Fort Garry, 
Manitoba; and Canadian Sugar Factories Ltd., Raymond, Picture 
Butte, and Taber, Alberta. Two popu and papermills reported 
lime production: Bathurst Power & Paper Co. Ltd. Bathurst, New 
Brunswick, and Crown Zellerbach Canada Ltd., Ocean Falls, British 
Columbia. 

Standard Lime Co., a subsidiary of Gypsum, Lime & Alabastine 
Ltd., was installing a second rotary kiln at its Joliette, Quebec, lime 
plant. This 200-ton-a-day kiln was expected to begin producing 
quicklime in 1962. Coba Minerals, Ltd., installed a 170-ton-a-da 
rotary limekiln at Coboconk, Ontario, in 1960. Dominion Lime Ltd. 
replaced coal-gas producers by oil-gas producers at its Lime Ridge, 
Quebec, plant. Ontario Building Materials, Ltd., manufactured lime 
putty at Toronto.?“ 

Costa Rica.—During 1960, 4,189 short tons of lime valued at $31,670 
was produced. 

Haiti.—A pproximately 180,000 short tons (120,000 cubic meters) of 
lime was produced in 1960.7? 

Mexico.—Yeso y Material, S.A., planned to produce lime in 1962. 

Nicaragua.—The 1960 lime production was 21,363 short tons valued 
at US$574,898.24 

SOUTH AMERICA 


Brazil. Production of lime in 1960 was estimated at 1.4 million short 


tons.?5 
Paraguay.—Lime output was 14,800 short tons in 1960.2 


17 Dominion Bureau of Statistics (Ottawa). Chemicals and Allied Products, 1959. Gen- 
eral Rev., January 1962, p. 12. 

18 National Lime Association. Limeographs. V. 27, February 1961, p. 57. 

Pit and Quarry. New Canadian Lime Assn. Promotes New Lime Uses, Sets Up Working 
Goals. V. 54, No. 2, August 1961, p. 30. 

3 Canadian Mining Journal (Gardenvale). Nova Scotia. V. 82, No. 5, May 1961, p. 128. 

2 Work cited in footnote 16. 

m U.S. Embassy, San Jose, Costa Rica. State Department Dispatch 622. Apr. 24, 1961, 


p. 1. 
33 U.S. Embassy, Port-au-Prince, Haiti. State Department Dispatch 865. Mar. 15, 


1901. p. 1. 
33 U.S. Consulate, Guadalajara, Mexico. State Department Dispatch 11. Oct. 80, 1961, 


p. 3. 
3 le Embassy, Managua, Nicaragua. State Department Dispatch 854. Mar. 8, 1961, 
encl. 1, p. 1. 
33 U.S. Consulate, Sao Paulo, Brazil. State Department Dispatch 454. June 5, 1961, 


p. 
1 Embassy, Asuncion, Paraguay. State Department Dispatch 363. May 9, 1961, 
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Peru.—Lime production in 1960 was 84,700 short tons: 37,500 tons 
for construction, 23,700 tons for mineral concentration, 16,100 tons for 
agriculture, and 7,400 tons for chemical and industrial uses.“ 

Venezuela. Lime production was 43,500 short tons in 1960. 


EUROPE 


Belgium.— Production of lime was 2.1 million short tons in 1960.” 

Czechoslovakia.—Lime production was 2.2 million short tons in 1959. 
Four Hungarian vertical-kiln plants began producing lime in 1960- 
61.% 

Denmark.—Quicklime production was 143,300 short tons in 1960. 

Finland.—Output of quicklime was 242,500 short tons valued at 
US$2.9 million in 1960.3? 

France.—Lime and limestone production in 1960 was 8.9 million 
short tons, and calcined dolomite production was 220,000 tons.“ 

Germany, West.—During 1960, 10.4 million short tons of quicklime, 
hydrated lime, and dead-burned dolomite valued at US$101.6 million 
was produced (excluding Saar production), and 9.5 million short 
tons was marketable.** d survey of lime manufacturing costs was 
completed by the German Lime Federation (Bundesverband der 
Deutschen Kalkindustrie e.V.). The results enabled 29 participating 
lime producers to compare costs.“ The German Lime Federation 
held its 5th Technical Conference at Bad Kissingen, Upper Bavaria, 
in October, and the delegates represented the lime industries of 
Austria, Belgium, France, Germany, Italy, Sweden, Switzerland, 
Union of South Africa, United Kingdom, and the United States.“ 

Greece.—Output of lime as a building material was 146 percent 
higher in 1961 than in 1939.37 

Hungary.—The first rotary limekiln in Hungary was under construc- 
tion at the Danube Cement and Lime Works, Vac. Annual plant 
capacity was expected to reach 1 million tons after this rotary kiln 
began operating.** Four vertical-kiln lime plants were manufactured 
And exported to Czechoslovakia in 1960-61. Another lime plant was 
exported to Italy, and eight additional lime plants for Italy were 
being negotiated. Yugoslavia ordered four Hungarian lime plants.“ 


s U.S. Embassy, Lima, Peru. State Department Dispatch 586. Mar. 23, 1961, encl. 
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2 Banco Central de Venezuela. Memoria 1960 (Caracas), p. 276. 
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* East Europe, April 1960, p. 47. 
Cement, Lime and Gravel (London). V. 37, No. 2, February 1962, p. 34. 
10d U.S. Embassy, Copenhagen, Denmark. State Department Dispatch 761. May 12, 
61, encl. 1, p. 1. 
3 U.S. Embassy, Helsinki, Finland. State Department Dispatch 492. Apr. 26, 1961, 
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E 330.8. Embassy, Paris, France. State Department Dispatch 1538. May 4, 1961, encil. 
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2% Cement, Lime and Gravel (London). V. 87, No. 2, February 1962, p. 34. 


LIME 819 


Italy.—Calcificio Triestino, Trieste, planned quicklime and hydrated 
lime production from high-calcium limestone.* A Hungarian lime 
plant was under construction at Lecco. Negotiations were underway 
for the erection of eight more Hungarian imis plants, each having 
four vertical kilns to be fired by gas made from low-grade coal.* 

Malta.—Lime production was valued at US$83,440 in 1960.9 

Poland.—Increased mechanization of the lime industry was in prog- 
ress. The ratio of circular kilns to shaft kilns was expected to decline 
from 60: 40 to 30:70. New limekilns for 1961-65 included 20 circular 
kilns, 21 airblast shaft kilns, 35 automatic shaft kilns, and 2 rotary 
kilns. By 1965, production of construction quicklime was expected 
to increase to 1.35 million tons, hydrated lime to 0.8 million tons, 
and agricultural lime to 0.6 million tons. 

By 1965, the Piechcin and Strzelce lime plants would be finished, 
three more lime plants built, and the Gorazdze lime plant expanded by 
three Bipro Krakow automatic shaft kilns, rated at 200,000 tons of 
quicklime annually, and by Knibbs hydrators and air-separators, 
capable of producing 190,000 tons of hydrated lime annually. 
lime plant at Bukowa, which would be operating in 1963, was to have 
an annual capacity of 295,000 tons, a bank of Beckenbach automatic 
shaft kilns, and Knibbs hydrators. An automatic shaft-kiln plant 
would be built at Trzuskawica by 1965.“ 

Sweden.—In 1960, 55,887 short tons of dolomitic quicklime was 
produced.“ 

United Kingdom.—In 1959, 2.24 million short tons of lime was pro- 
duced.** Lime had been produced as long ago as the 13th century to 
repair many castles. Every farmer spread lime a century ago, but 
agricultural liming had virtually disappeared by 1900. Recent Gov- 
ernment lime subsidies had helped to restore proper liming, but the 
decline in agricultural liming had curtailed progress in the lime 
industry for about 50 years.“ 

Lime associations included the Northern Ireland Lime Association, 
Belfast, the Scottish Lime and Limestone Association, Edinburgh, 
The South West of England Lime Association, Bristol, and The 
Southern Lime Association, London.“ 

Three gas-fired vertical kilns, each capable of producing 75 tons of 

uicklime daily for calcium carbide manufacture, were installed at 

e Maydown Works of Carbide Industries Ltd., near Londonderry, 
by Priest Furnaces Ltd., Middlesbrough. The fuel was either 
from a carbide furnace or a mixture of carbide-furnace gas and coke- 
producer gas. The kilns were automatically charged and discharged.** 


“National Lime Association. Limeographs. V. 28, September 1961, p. 13. 
a Work cited in footnote 39. 
i RE Consulate, Valletta, Malta. State Department Dispatch 50. Feb. 8, 1961, encl. 
. p. . 
“4 Twardosz, Tadeusz. (Development of the Lime and Gypsum Industry in the Period 
1961-1965). Cement Wapno Gips (Krakow). V. 15/25, No. 5, May 1900, pp. 121-123. 
* U. S. Embassy, Stockholm, Sweden. State Department Dispatch 407. ov. 13, 1961, 


encl. 1, pp. 1-2. 
* Central Statistical Office (London). Annual Abstract of Statistics. No. 98, Sep- 

tember 1961, pios 

j 5 e and Gravel (London). Lime Burning Progress. V. 86, No. 2, February 
« Cement, Lime and Gravel London]. V. 36, No. 1, January 1961, p»: 24-25. 
Cement, Lime and Gravel (London). V. 80, No. 9, September 1961, p. 32a. 
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Beswick’s Lime Works Ltd., near Buxton, installed an oil-fired ver- 
tical kiln (over 10 feet in diameter and 72 feet high). Fuel oil was 
gasified in the kiln rather than in an external combustion chamber.“ 

At Crawford Priory, Scotland, Cults Lime Ltd. produced about 
200 tons of quicklime a week from Carboniferous limestone obtained 
underground. Each of the two producer-gas-fired Priest vertical 
kilns could produce 250 to 300 tons of quicklime a week, but they 
operated alternately, a year at a time, because of the reduced demand 
for lime. Hydrated lime capacity was 2 tons an hour, but output was 
only 30 to 40 tons a week. Highest quality quicklime was sold to 
papermills, and ordinary 1 was kibbled and ground for 
agriculture.*? 

Harrison’s Limeworks Ltd. calcined Carboniferous limestone at 
Flusco and Shap. The five coal-fired vertical kilns (18 feet in diam- 
eter and 40 feet high) at Flusco had a total daily capacity of 250 tons of 
quicklime. Lump, kibbled, and ground quicklime were produced; 
part of the ground quicklime was hydrated; and daily output was 200 
tons or more of quicklime and 40 tons of hydrated lime. At Shap, 
four coke- and coal-fired vertical kilns (18 feet in diameter and 60 
feet E produce 1,000 tons of lump and kibbled quicklime 
weekly. Most of the lime went into steelmaking and agriculture.® 

Settle Limes Ltd., Horton-in-Ribblesdale, calcined Carboniferous 
limestone (over 98 percent CaCO;) in four Priest vertical kilns, each 
capable of producing 100 tons of quicklime daily. Two of the pro- 
ducer-gas-fired kilns were installed in August 1954, and the last two 
were installed in April 1960. The kilns were 1714 feet in outside 
diameter and 83 feet high. The production rate for 24 hours was 0.8 
ton of quicklime per square foot of kiln cross section. Refractory 
lining in the calcining zone lasted for 65,000 to 80,000 tons of quick- 
lime production. Each of the two Sturtevant-Knibbs continuous 
hydrators could produce 4 tons of hydrated lime an hour. Air-sep- 
arated hydrated ime was packed in 50-pound bags; the lime was 96 
percent Ca (OH), and 98 percent minus 200-mesh. Lime was supplied 
to agriculture and the steel industry. Lime consumption per ton of 
steel had declined, fuel costs (one-half of the lime manufacturing 
costs) had risen, the working week had been reduced from 44 to 42 
hours, and railroad freight rates were expected to rise.** 

Yugoslavia.—Four Hungarian vertical-kiln lime plants were 
ordered.“ 

ASIA 


Japan.— Hokuriku Salt Industry, Tokyo, used lime sludge from cal- 
cium carbide-acetylene operations to produce magnesia from sea 
water.™ 


* Cement, Lime and Gravel (London). V. 86, No. 6, June 1961, pp. 166, 195. 

8 Cement, Lime and Gravel (London). A Limestone Mining and Processing Installation 
in Scotland. V. 36, No. 7, July 1961, pp. 199-203. 

8 Cement. Lime and Gravel (London). Hurrison's Limeworks Limited. V. 36, No. 8, 
March 1961, pp. 65-73. 

82 Cement, Lime and Gravel (London). Settle Limes Meet Higher Costs. V. 36, No. 1, 
January 1961, p. 28; Producer-Gas Fired Kilns, Modern Plant at Settle Limes, v. 36, No. 2, 
February 1961, pp. 31-38. 

53 Work cited in footnote 39. 

„ Chemical Eugineering, v. 08, No. 5, Mar. 6, 1961, p. 54. 
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Lebanon.—Lime production in 1960 was an estimated 7,700 short 
tons valued at US$88,328.55 

Philippines. —Hydrated lime production was 14,442 short tons valued 
at US$498,957, and quicklime production was 6,669 tons valued at 
US$194,992 in 1960. Lime imports amounted to 1,950 tons valued at 
US$32,580 in 1960.5 

Taiwan.—Output of lime was 48,617 short tons in 1960.57 

Viet-Nam.—The Long Tho lime plant on the Perfume River near 
Hué was expected to produce 22,000 short tons of lime annually during 
1961—65.55 

AFRICA 


Cape Verde Islands.—Lime output was 1,433 short tons in 1960." 

Kenya.— Production of lime in 1958 was 17,702 short tons. 

Libya.—An estimated 17,100 short tons of lime was produced in 
1960.5 

South-West Africa. Lime production was 3,311 short tons valued at 
US$57,638 in 1960.* 

Tanganyika.—In 1960 production of lime was 4,071 short tons valued 
at US$49,414.* 

Tunisia.—Lime output was 138,760 short tons in 1960.“ 

Uganda.—Lime production in 1960 was 16,986 short tons valued at 
US$299,600. The principal producer, Uganda Cement Industry, had 
an output of 14,700 short tons. 

Union of South Africa. Lime and limestone production was 8,016,626 
short tons in 1960. Local sales of lime and limestone were 6,684,097 
tons valued at US$11,783,366. Exports of lime and limestone 
amounted to 7,198 tons valued at US$85,277. Domestic sales of lum 
quicklime were 587,384 tons valued at US$4,510,058 (US$7.68 a ton 
and of air-separated hydrated lime, 169,447 tons valued at 
US$1,855,456 (US$10.95 a ton). “Blue lime,” “agricultural lime,” 
and “other lime” were listed under “sales of burnt lime products,” but 
the corresponding low eier per ton (US$3.61, US$3.47, and US$1.57, 
respectively ) sug ested that uncalcined limestone products may have 
been designated “lime.” ** Umzimkulu Lime Co. had suspended oper- 
ations on the Umzimkulu River near Port Shepstone in 1959 as a 
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result of floods. It opened a new lime plant in the Oribi Gorge, 


Natal. 
TECHNOLOGY 
PROCESSING 


Calcination.—“Investigation of the Lime Burning Process” by Dr. 
Rune Hedin, Royal Institute of Technology, Stockholm, Sweden, won 
the 1961 Azbe Lime Award. Calcite crystals were calcined at various 
temperatures for various periods. The resulting quicklime was ex- 
amined with an electron microscope to determine volume change, 
d of dissociation, and surface structure.“ 

ood-quality, soft-burned quicklime was produced in a vertical kiln 

as long as the correct temperature was maintained. When a vertical 
kiln that had been shut down was put back into operation, unsatis- 
factory, hard-burned quicklime was produced at first, and occasionally 
the kiln lining was damaged.“ To calcine quicklime completely, a 
smal] vertical kiln was attached to the discharge outlet of a rotary 
kiln. Secondary calcining of any residual calcium carbonate took 
pre in a rotary drum within the upper part of the attached terminal 
iln. The quicklime was cooled by air in the lower part of the shaft.'? 

To produce 1 ton of quicklime, a properly functioning rotary lime- 
kiln consumed from 7 to 7.5 million Btu, and a vertical limekiln con- 
sumed 5 million Btu or less. An identical amount of heat entered the 
calcining reaction regardless of kiln type, but the additional heat 
used by the rotary kiln was lost to lime production through kiln-shell 
radiation." Temperature fluctuations occurred in rotary kilns; abra- 
sion took place at the feed end; quicklime fluxed and fused with the 
refractory lining to form rings in the calcining zone; and sometimes 
when the kiln was cooled to remove a ring, spalling of the refractory 
brick resulted from the temperature change. Fireclay brick was 
used throughout many rotary kilns: High-duty brick in the inter- 
mediate zone and super-duty brick in the calcining zone. High- 
alumina brick was necessary if severe conditions prevailed in the 
calcining zone.“ 

An automatic kiln-scanning pyrometer or heat-radiation detector 
scanned up to 60 feet along the rotary kiln and detected impendi 
hot spots in the kiln shell before visual detection was possible an 
before refractory lining had been badly damaged. Without any 
direct contact, the instrument continuously measured and recorded 
the shell temperatures while the kiln rotated. If a hot spot developed, 
an alarm sounded, scanning stopped, and the pyrometer pointed to 
the spot; the temperature change of the spot was See E and cor- 
rective action could be taken without stopping the kiln. Remedial 


er South African Mining and Engineering Journal (Johannesburg). V. 70, No. 8468, 
June 26, 1959, p. 1573: v. 72, pt. 2. No. 3591, Dec. 1, 1961, p. 1313. 

39 National Lime Association. Limeographs. V. 28, October 1961, p. 21 and attached 
press release. 
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measures might involve changing the dimensions of the calcining 
zone, reducing the fuel rate, increasing the combustion air, or chang- 
ing the kiln speed. Then the pyrometer recorded the effectiveness of 
the corrections taken. The operator was enabled to save fuel, extend 
refractory life, locate the calcining zone and follow its changes, and 
know at once when the kiln was running too hot," 

Hydration.—A research report on the reaction between calcium oxide 
and water“ won the 1960 Azbe Lime Award. Settling time, specific 
surface (mean particle diameter), and viscosity of aqueous lime sus- 

nsions were investigated at water temperatures from 4? to 90? C. 

igher reaction temperatures and hydrated lime of high specific sur- 
face characterized low weight ratios of water to quicklime Specific 
surfaces varied less with changes in water temperatures at low water- 
to-quicklime ratios, and less at high water temperatures for all water- 
to-quicklime ratios. The range of specific surfaces was very wide for 
water-to-quicklime ratios from 7.5 to 25 at 4? to 60? C. Settling 
times did not correlate with changes in water-to-quicklime rati 
water temperatures, and observed specific surfaces. A change o 
viscosity of lime suspensions was reported. 'These were the first data 
on control of specific surface or mean particle diameter of hydrated 
lime by varying either the water-to-quicklime ratio or the water tem- 
perature at any water-to-quicklime ratio. 

Hot milk of lime from the dust collector was the hydrating agent 
in the premixer of the British Sturtevant-Knibbs continuous hydrator. 
The hydrating lime was completely wetted in the premixer and then 
passed. into the main hydrator in an excess of hot water. The heat of 
hydration evaporated the excess water, and hydrated lime was dis- 
charged over a weir asa powder. The atmosphere of the hydrator was 
steam and hydrated lime dust, which was precipitated continuously in 
a washer preheater and returned as hot milk of lime to the premixer, 
thereby eliminating dust.“ 

USES 


Agriculture.—Loss of lime from soil was caused more by drainage 
than by crop extraction. Lime lost by drainage annually averaged 
between 200 and 400 pounds per acre at Rothamsted Experiment Sta- 
tion, Rothamsted, England, at Aberdeen, Scotland, and at Cornell 
University Agricultural Experiment Station, Ithaca, N.Y. The an- 
nual lime loss at the Soil Fertility Research Station, Hamilton, New 
Zealand, however, amounted to only 61 pounds per acre. More fre- 

uent liming, spreading smaller quantities of liming materials each 
time, resulted in a lower loss of lime by drainage.'* 

Chemical and Industrial.—Quicklime was the least expensive of the 
common alkalies. Although its pH (12.5) was below that of caustic 


" Leeds € Northrup Co. L X N Rayoscan System for Monitoring Kiln Shell Tempera- 
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™ Cement, Lime and Gravel (London). Idme Hydrating. V. 86, No. 2, February 1961, 
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soda (pH 14), it cost only one-half cent to neutralize a pound of sul- 
furic acid with quicklime, compared to 5 cents with caustic soda. 

At the modernized Holly Sugar Corp. plant, Carlton, Calif., 2,400 
tons of sliced sugar beets a day (35 percent of the daily beet feed) 
was leached by water at 140° F to yield 455 gallons a minute of raw 
beet juice, which was treated with 72 gallons a minute of hydrated 
lime slurry agitated by 74 pounds a minute of carbon dioxide in the 
first-stage carbonation tank. Both the lime and carbon dioxide were 
produced at the beet-sugar plant by calcining high-calcium limestone 
in a new vertical limekiln.”® 

Smog over cities and industrial areas could be counteracted by 
dispersing colloidal hydrated dolomitic lime in the atmosphere as 
either a powder or slurry. The suspended 0.1- to 10-micron lime par- 
ticles neutralized airborne, acidic waste particles that acted as con- 
densation nuclei in smog formation.”® 

The Dow Chemical Co., Midland, Mich., experimented with a series 
of polymeric flocculants that may displace lime in municipal waste 
treatment. Only 3.6 pounds of the new agents performed the work 
of 350 pounds of lime and 85 pounds of ferric chloride combined, and 
the reaction was three times as fast.*? 

Badische Anilin- und Soda-Fabrik, Ludwigshafen am Rhein, West 
Germany, developed an oxy-thermal method of continuously manu- 
facturing calcium carbide at temperatures up to 3,000? C. One ton 
of 80.5 percent calcium carbide was produced from 1.2 tons of 92 per- 
cent quicklime, 1.9 tons of 88 percent carbon coke (1.3 tons for heat 
and 0.6 ton for carbide formation), and 1.8 tons of oxygen supplied 
through copper jets.* 

Colloidal calcium carbonate was formed by mixing a sodium car- 
bonate solution with a hydrated lime suspension between 20? to 40° 
C Calcium hypochlorite bleach was produced by a continuous proc- 
ess of chlorinating lime slurry.* A filter composition for exhaust 
gases was made by coating vermiculite with an aqueous mixture of 
hydrated lime and salt.** 

If refractory shapes containing 50 to 100 percent quicklime were 
heated to 1,000° F in 5 minutes ales, and to 1,500? F in 15 minutes or 
less, hydration did not occur. Water vapor in the kiln atmosphere was 
unable to penetrate and hydrate the quicklime during such a brief 
period of flash firing. It was advisable to spray fired lime refractories 
with oil, wrap them, and keep them in containers to minimize contact 


™ The Chemical Market Research Association. Chemicals and Metals—Thelr Industrial 
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Bleach Liquor. U.S. Pat. 2,065,443, Dec. 20, 1960. 
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with the air, Once lime refractories had been installed as furnace lin- 
ing, the heat of the operating furnace prevented hydration.** 

Construction.—One percent (never more than 2 percent) by weight of 
hydrated lime was incorporated in asphalt paving mixes. Hydrated 
lime had been used in asphalt paving as early as 1910, but subsequently 
less expensive, pulverized limestone had been substituted. Yet 3 to 5 

cent limestone only partially accomplished what 1 percent of hy- 
rated lime could do. Hydrated lime in asphalt paving rendered su 
marginal on-site aggregates usable and kept down haulage costs. Bulk 
or bagged hydrated lime was added dry to hot asphalt mixes, or as a 
slurry (4.5 pounds of hydrated lime per gallon of water) to the aggre- 
ate, which was dried and then mixed with asphalt. Colorado led all 
tates in 5 hydrated lime with asphalt and aggregate for pav- 
ing. Hydrated lime also had been used in asphalt mixes in Michigan, 
Minnesota, Montana, New Mexico, Texas, and Virginia.“ 

Some hot asphalt mixes in Colorado consisted of 1 percent hydrated 
lime, 6.6 percent asphalt, and 92.4 percent gravel. Amounting to only 
2 pounds per square m of pavement, lime served as a void filler, 
increased the ene 1 and stability, promoted water resistance (a 
higher percentage of asphalt could be used with hydrated lime without 
a corresponding loss in stability), toughened the mix, and permitted 
faster compaction and higher pavement densities. Bulk hydrated 
lime was delivered to the job in tank trucks.“ 

To pave streets and parking areas in Helena, Mont., graded, crushed 
aggregate was mixed with 1 5 hydrated lime and 6.25 percent 
asphalt. Twenty pounds of hydrated lime per ton of hot mix 
amounted to 1 pound per square yard of pavement per inch of com- 
pacted depth. Hydrated lime prevented stripping, reduced swelling 
of the asphalt mix, and increased the strength of the asphalt mat 
from 1,800 to 2, 600 psi.“ 

Hydrated lime (5 percent) and fly ash (10 percent) were mixed in 
place with existing cinders and bank- run gravel and soil to pave a 
truck-train terminal in Baltimore, Md.® 

Ferrous Metallurgy.—The 1.4 million tons of fluxing lime used in the 
stee] industry in 1959 was divided about as follows: 1 million tons in 
open-hearth furnaces, 0.3 million tons in basic-oxygen-process fur- 
naces, and 0.1 million tons in electric and blast furnaces. After oxy- 

n, lime was the next largest tonnage chemical used in the steel in- 
dust It was predicted that lime would equal oxygen in tonnage b 
1970, when 3 million tons of each would be consumed annually in steel- 
making, based on the predicted annual output of basic-oxygen-process 
steel.“ 

The pulverized quicklime-oxygen injection process for making steel 
from pig iron was spreading rapidly throughout Europe. The per- 

9 Renkey, Albert L. (assigned to Harbison-Walker Refractories Co., Pittsburgh, Pa.). 
Firing of Lime Refractories. U.S. Pat. 2.97 1.240, Feb. 14, 1961 
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e Hallstead, William F. Truck-Train Terminal Area Stabilized with Lime-Flyash. 
Roads and Streets, v. 104, No. 3, March 1961, ya 108-109. 
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centage of lime in the oxygen blast was controlled accurately, and lime 
consumption in some instances amounted to one-half ton a minute.” 
Injection of lime through the tuyeres raised the cost of pig iron and 
had to be abandoned.” Handling of lime in open-hearth mills be- 
came faster by means of pneumatic systems. Powdered ore and lime 
were blown through lances into molten steel.“ 

Nonferrous Metallurgy.— Domestic copper production required from 
2 to 10 pounds of quicklime per ton of ore to control the pH of flota- 
tion circuits. Probably more than 300,000 tons of quicklime was 
used to concentrate the 135 million tons of copper ore produced in 
1960. American Smelting and Refining Co. used 350 pounds of quick- 
lime for each ton of copper recovered in 1959. Hydrated lime con- 
sumption averaged 6.3 pounds per ton of copper, 3.1 pounds per ton 
of lead, and 10.1 pounds per ton of zinc. Hydrated lime was used in 
lead smelting to neutralize acidic flue gases. Approximately 10,000 to 
12,500 tons of lime was required annually to regulate the D of flota- 
tion circuits that concentrated nickel ore at Falconbridge Nickel 
Mines, Ltd., The International Nickel Co. of Canada, Ltd., and 
See Gordon Mines, Ltd. Refining nickel required additional 

ime.™ 

In Australia, Great Western Consolidated N.L. changed to bagged 
hydrated lime from quicklime delivered by tankers to reduce the cost 
ol operating the milk-of-lime circuit. Lower freight costs, safe 
handling and storage, and no risk of fire made hydrated lime superior 
to quicklime. Electrolytic Zinc Co. of Australasia Ltd. changed its 
zinc flotation circuit from soda and lime to all lime.“ 

Soil Stabilization.—A ccording to the National Lime Association, 1961 
construction contracts specified lime stabilization of 34.9 million square 
yards, or 25 percent more than those awarded in 1960. "This called 
for nearly 300,000 short tons of hydrated lime, on the average basis of 
17 pounds of hydrated lime per square yard to a 6-inch depth. In 
practice, weight percentages of lime ranged from one-half percent to 
modify plastic base materials up to 6 percent to stabilize highly plastic 
subbases. Secondary roads constituted 30 percent of the area to be 
stabilized; interstate highway systems, 26 percent; primary roads, 22 
percent; and city streets, runways, military roads, and parking areas, 
22 percent. Approximately 60 percent involved stabilizing plastic 
subbases, and 40 percent stabilizing plastic and granular bases. Since 
stabilization began in 1945, over 1 million tons of lime (128 million 
square yards) had been used and contracted for, and lime stabilization 
had spread into 35 States and more than 25 countries.” 


m Chemical Week. Oxygen Blowing Iron. V. 8S, No. 5, Feb. 4, 1961, p. 41. 
n Morrison, Donald M. Injection of Flue Dust, Lime, and Hydrocarbons into Pig-Iron 
Blast Furnaces. Mines, v. 52, No. 2, February 1962, pp. 25-26, 34. 
Do ae Air Power Speeds Handling of Open Hearth Materials. V. 149, No. 6, July 81, 
1961, p. 66. 
ed bizen 33-34 and 39-40 of work cited in footnote 77. 
es Mining and Chemical Engineering Review (Melbourne). V. 53, No. 6, Mar. 15, 1961, 


. 55, 57. 
vp. Chemical Week. Lime Looks Up. V. 90, No. 7, Feb. 17, 1962, p. 140. 


Lithium 
By Milford L. Skow * and Victoria R. Schreck ? 


A 


UTPUT of lithium raw materials in the United States increased 

O sharply in 1961. The number of producers declined as no pro- 

duction was reported from South Dakota. Imports of lithium 
minerals decreased almost 50 percent. 


DOMESTIC PRODUCTION 


Domestic production of lithium raw materials increased more than 
60 percent over 1960; North Carolina again furnished most of the 
output. Foote Mineral Co. continued to produce spodumene con- 
centrate from its Kings Mountain, N.C. quarry, and American Potash 
& Chemical Corp. recovered coproduct dilithium sodium phosphate 
from its operations at Searles Lake in California. In South Dakota, 
no production was reported, and the Etta Mine was sold by the May- 
WC 8 Works, Division of Stepan Chemical Co., early 
in 1961. 

Exploration of a dry lakebed near Silver Peak, Nev., by Leprechaun 
8 and Chemical Co., Inc., disclosed two major lithium- bearing 
brine deposits. The company reported that more than 275, 000 tons 
of lithia are contained in the upper horizon of the deposit.“ 


TABLE 1.—8hipments of lithium ores and compounds from mines in the United 
States 


Figures withheld to avoid disclosing individual company confidential data. 


Foote Mineral Co. began recovering lithium aluminate formerly 
lost in stack effluent at its Sunbright, Va., plant. The 54 tons re- 


1 Commodity gpecinlist, Division of Minerals. 
*Statistical clerk, Division of Minerals. 
3 Engineering and Mining Journal. Leprechaun Mining Begins Large Lithia Develop- 
ment. V. 162, June 1961, pp. 293, 205. 
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covered daily is recycled to the process for producing hydroxide.* A 
butyllithium plant with a single-shift capacity of 100,000 pounds per 
year was completed at New Johnsonville, Tenn., by Foote Mineral 
Co., and a plant with a capacity of 120,000 pounds per year was 
completed at Bessemer City, NC, by Lithium Corporation of 
America.’ 

Late in the year Foote Mineral Co. 0 moving its Cold River 
N. H., grinding mill to Kings Mountain, N.C. Imported petalite an 
domestically produced spodi 
uses. 


umene were to be processed for ceramic 
CONSUMPTION AND USES 


Domestically produced lithium minerals were consumed chiefly in 
manufacturing various lithium chemicals, and to a lesser extent some 
were used directly in producing ceramics and glass. The ceramics 
and glass industries along with a variety of others, also used lithium 
chemicals. 

Manufacturers of multipurpose greases converted large quantities 
of lithium hydroxide to the stearate or other soap for incorporation 
in the grease. Lithium hydroxide also was an additive in the electro- 
lyte of alkaline storage batteries. Lithium carbonate continued to be 
used extensively in producing ceramics and glass. Lithium chloride 
and bromide were used in industrial air-conditioning systems, and 
the chloride and fluoride were used in welding and brazing com- 
pounds. Other lithium compounds served as polymerization catalysts, 
as bleaches,’ and in organic chemical synthesis. 

Lithium metal was used as a degasifier and deoxidizer in metal 
production, as a constituent of various lightweight alloys, as a com- 
ponent in self-fluxing brazing alloys, and as a polymerization catalyst. 


PRICES 


Throughout 1961 the price of lithium metal, 99.5 percent pure, was 
quoted in E&MJ Metal and Mineral Markets at $9 to $11 per pound. 
Prices for lithium carbonate and hydroxide were cut sharply during 
the year, but quotations for other lithium compounds remained steady. 


* Mining World. How Foote Mineral Cuts Stack Loss With Electrostatic Precipitators. 
V. 23, November 1961, p. 38. 
s Chemical Week. Butyllithium Steps Out. v. 88, May 13, 1961, pp. 73-74, 77. 
ion Chemicals E Engineering News, Butyllithlum: Capacity to Spare. V. 89, Feb. 6, 
. pp. . 
TEllestad, R. B. Lithium Hypochlorite Bleaches. Soap € Chem. Specialties, v. 87, 
September 1961, pp. 77-79. 
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TABLE 2.—Range of prices on selected lithium compounds, in 1961 


(Per pound) 
Compound January | December 
Lithium bromide, NF, gran. bags, works, freight equalized...................... $2. 60 $2. 60 
Lithium carbonate, technical, drums, ton lotess t! . 76 1.57 
Drums, fee . 31 1.63 
Lithium chloride, technical, anhydrous, drums, carlots, truckloads, delivered or 
works, freight allowed. ora . 87 87 
Less than carlots, same basie·eꝛemꝛmwꝛꝛᷣꝛwr̃rw:r to «««éͥ ᷑ł4õ„õ ene .88-. 92 . 88-. 92 
Lithium hydride, powder, drums, 500 pound lots or more, works 9. 50 9. 50 
Lithium hydroxide monohydrate, drums, carlots, truckloads, freight allowed . 72 3.54 
Less than carlots, same basúGd E c . 73 4. 58 
Lithium nitrate, technical, drums, 100- pound lots..................-..-...-.-.-. 1. 15-1. 25 1, 15-1. 25 
Lithium stearate, drums, carlots, works 47% .47% 
e ß . e . 48% . 48% 
Less than ton lots, works. nn ttt . 5344 . 634 


1 Price changed February 6. 

3 Quotation changed February 6 to read: Technical, drums, 1,999 
3 Price changed to $0.60 on February 6, $0.59 on August 28, and $0. 
4 Price changed to $0.64 on February 6, $0.63 on August 28, and $0, 


Source: Oil, Paint and Drug Reporter, 


FOREIGN TRADE 


Imports of lithium minerals—spodumene, lepidolite, petalite, and 
amblygonite—declined 48 percent. Southern Rhodesia continued to 


pounds or less." 
54 on September 18, 
58 on September 18, 


TABLE 3.—U.8. imports for consumption of lithium, by countries, and customs 


districts 
1960 1961 
Country and customs district 
Short Value Short Value 
tons tons 
Lithium ores:! 
North America: Canada: 
Mei. ces eeiwccuc ewe 1,347 | $66, 671 2,115 | $112, 769 
A ³oW¹A ͥẽů’ 62 4,020 AA A 
Total AA A REES 1, 409 71, 591 112, 769 
South America: 
Argentina: New York. `. e c e eee eee eee eese 110 5.1950 AA EEN 
Brazil: New York ` ee ne e- 33 1-399] EE GER 
Total eege 143 rr AA 
ca: 
Rhodesia and Nyasaland, Federation of: 
Gst.”. 8 18,166 | 330, 168 168, 513 
Marylünd. ett A 20,202 | 618,090 13, 496 392, 490 
Massachusetts 5,622 | 120.61 
Pbiladelphia...... . 5,557 WR E ët EE, EG 


! In addition, 14 pounds ($395) of metallic lithium was imported from Canada through the Vermont 
customs district in 1960, 


Source: Bureau of the Census. 


® Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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be the major supplier, but the imports from this source were only 45 
percent of those in 1960. Much of the decrease resulted from reduced 
requirements for lepidolite at San Antonio, Tex., by American Lithium 
Chemicals, Inc., which reduced operations after completing its con- 
tract in 1960 to supply the Atomic Energy Commission with lithium 


hydroxide. 
WORLD REVIEW 


Based on figures that were partly estimated, production of lithium 
minerals in the free world declined in 1961. Production in the Fed- 
eration of Rhodesia and Nyasaland—the leading supplier—was 37 
percent lower than in 1960. 


TABLE 4.—Free world production of lithium minerals, by countries 


(Short tons) 
Country Mineral produced 1957 1958 
North America 
Canada)) Spodumen o 2, 570] 1,927 
United States._...........-....- Lithium minerals (3) (1) 
South America: 
Argentina 8800 —— d Ee 22 178 
pod umene (exports). ..|.......- 
Brazil EE (exports) .. 552 |......-. 
Europe: Spaln Ambliygonite............ FCC 
Africa: 
Congo, Republic of the (for- 
merly Belgian Congo) and 90 VV 2, 818 11 
Ruanda -Urun dll... Spodumene (exports)... Lil EA A costes ili 
Mozambique Leplidolite 222 879 96 
quere 3 4 5 
Rhodesia and Nyasaland, Federa- m p YEoD!te------------ 1 aree 
t : epidollte. 22 93. 545 | 64, 699 
tion of: Southern Rhodesia. - Petalite...........--.--. 9, 934 13, 166 
Spodumene. ............ 5,599 | 5, 
Amblygonite 535 534 
South-West Africa.............. Lepidolite..............- 882| 1,043 
Petalire 5,325 | 7,405 
Uganda Amblygonite. .......---- O GE PEE O TEE 
Union of South Africa Lithium minerals S 
Oceania: Australia Pete PA 76 
Free world total A ae ==... 121. 883 | 96,779 95, 815 


1 Tons of lithia in spodumene concentrates. 

3 United States figure withheld to avoid disclosing individual company confidential data. No estimates 
Included in total. 

3 Data not available. 

4 Estimate. 

5 Exports. 


Complled by Helen L. Hunt, Division of Foreign Activities. 


Canada.—Commercial production was begun in January at the new 
lithium carbonate plant of Quebec Lithium Corp. about 30 miles north 
of Vald'Or? During the year the company began installing facilities 
to produce lithium hydroxide and planned to install other facilities 
to produce lithium bromide, lithium chloride, lithium hydride, and 
lithium metal.?° 


* Northern Miner. Quebec Lithium Expanding Plant To Produce Lithium Hydroxide. 
V. 47, July 6, 1961, pp. 1, 5. 
10 Northern Miner. Quebec Lithium Plans New Plant To Produce Metallic Lithium. 
= 1 a ‘oe pp. 1-2. Quebec Lithium Sees Profits In Near Future. V. 47, Dec. 
$ e DD. D . 


LITHIUM 831 


Chemalloy Minerals, Ltd., suspended operations at its Bernic Lake 
property early in 1961. Large tonnages of high-grade lithium and 
cesium ores were outlined in the same area in an extensive explora- 
tion program. | 

North American Rare Metals Co. planned additional diamond 
drilling at its lithium-rare metal property in the Bernic Lake area 
and also on its Whiteshell lithium mines property in the East Brain- 
tree area, where a reserve of lepidolite was indicated.** 

Sirmac Mines planned to conduct exploratory drilling on a property 
in the Assinica Lake district in northwestern Quebec where previous 
surface mapping and exploration work indicated 4 million tons of 
spodumene ore, averaging more than 2.5 percent lithium oxide.“ 

Rhodesia and Nyasaland, Federation of.—Bikita Minerals Ltd., Fort 
Victoria, Southern Rhodesia, continued to be the only producer of 
lithium minerals in the Federation. Most of the material was ex- 
ported to the United States; the remainder went to consumers in 
several European countries and Japan. 


TABLE 5.—Federation of Rhodesia and Nyasaland: Exports of lithium ores, by 
countries 


Destination 


pan 

Nate a dió 
Union of South Africa... — . 44 
United Kind. iert geet 167, 313 
nee ⁵ð ð ð 2, 359, 313 


Hebeler gege 2, 832, 422 


1 January EI June, inclusive. 
2 Converted to U.S. currency at the rate of £1 equals U8$2.8076 (1960) and US$2.8022 (1961), 


Compiled from Customs Returns of the Federation of Rhodesia and Nyasaland by Corra A, Barry, 
Division of Foreign Activities. 


United Kingdom.—Lithium hypochlorite was made available by the 
Pfizer Group, Sandwich, Kent.“ 


u Canadian Mining and Metallurgical Bulletin. Monthly Correspondence. V. 64, 
March 1961, p. 289. 
13 5 Mining Journal. Chemalloy Minerals Progress Report. V. 82, July 1961. 


p. 107. 
aoe Mining Journal. Lithium Property Gets More Drilling. V. 82, July 1961, 


D. e 
N 16 WA Miner 8 Is Active Through Interests and on Own Behalf. V. 47, 
pr. , » PP. , . 
1 Chemical Age (London). Pfizer Offer Bulk Supplies of Lithium Hypochlorite. V. 86, 
July 1, 1961, p. 10. 
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TABLE 6.—South-West Africa: Exports of lithium ores, by countries 


Amblygonite Lepidolite Petalite 
Year and destination 
Short Value ! Short Value ! Short Value 1 
tons tons tons 
1960: 
Germany, .... 8 cc / E 
PP EN EE 263 5,6008 A A 
Nenne «ði 491 10, 386 1. 901 $34, 651 
(EN RTE ARAN O AA A 62 1, 127 
ROWE) BEE, A A 756 16, 050 1, 963 35, 778 
1961:3 
AAA, ⅛ðx ⁵ↄð 1. 847 43, 727 
Germany, West. 47 NA, BE AA DE 
r 12 586 545 11,907 47 1, 061 
dr IA A ée Aere geg 277 6, 219 4, 810 
United Kingdom 17 6. M EE, AAA PA Roe m. 
JA A A 76 4, 332 822 18, 538 2,113 49, 598 


1 Converted to U.S. currency at the rate of SA £1 equals US$2.7971 (1960) and one rand equals US$1.3957 
(1961). Effective Feb. 14, 1961, the new currency unit, the rand, replaces the pound. It is equivalent to 
10 shillings or one-half the former pound. 

2 January through September, inclusive, 


8 from Quarterly Information Circular on Minerals for the Union of South Africa and the territory 
of South- West Africa by Corra A. Barry, Division of Foreign Activities, 


TECHNOLOGY 


An article about the Foote Mineral Co. mine in the spodumene- 
bearing pegmatites near Kings Mountain, N.C., discussed the geology 
exploration methods, and future of the deposit.!“ The geology of 
the Lacorne district, a spodumene producing area in Quebec, Canada, 
was described in another report.“ 

Laboratory and pilot-plant studies indicated that satisfactory re- 
coveries of acceptable product could be obtained by flotation of weath- 
ered spodumene ore only after high-intensity attritioning and con- 
ditioning.* A new and improved method for separating and re- 
covering spodumene, mica, and beryl from pegmatites was developed 
in laboratory and pilot-plant tests. Results were reported briefly?’ 
and in detail.?° 

A number of patents were issued on recovering lithium values from 
various ores. In one process, crushed spodumene ore was heated to 
form beta-spodumene, slurried in water, and reacted with a strongly 
alkaline compound of sodium or potassium. Solids recovered from the 
reaction mixture contained chemically reactive lithium which was 
treated with dilute sulfuric acid and recovered as the sul fate.“ 

In another proces lithium sulfate was produced by contacting 
pulverized alpha- or beta-spodumene for 1 to 4 hours at 700? to 900? 


1 Kexler, T. L. Exploration of the Kings Mountain Pegmatites. Min. Eng., v. 18, 
September 1961, pp. 1062-1068. 
7 Brett, R. A Magmatic-Pegmatitic- Hydrothermal Sequence at Lacorne, Quebec. Econ. 
Geol., v. 56. June-July 1961, pp. 784-788. 
18 Quarterly of the Colorado School of Mines. Attritioning and Conditioning in Spodu- 
mene Flotation. V. 56, July 1961. Pp: 323-332, 
qb J. 8. Flotation of podumene-Beryl Ores. Min. Eng, v. 13, July 1961, 
p. -708. 
i 2 Browning, J. 8, B. H. Clemmons, and T. L. McVay. Beneflelating North Carolina 
Spodumene-Heryl Ores. BuMines Rept. of Inv. 5750, 1961, 20 bp. 
m Kawecki, H. C., and A. J. Cole (assigned to Kawecki Chemical Co.). Extraction of 
Lithium. U.S. Patent 3,007,770, Nov. 7, 1961. 
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C. with gaseous mixtures of sulfur dioxide, sulfur trioxide, and oxygen 
prior to leaching with water.” 

Two patents called for reacting finely ground V 
with sulfuric acid at elevated temperature and pressure followed by 
leaching the lithium sulfate with water.“ Another patent disclosed 
a method involving sulfuric acid digest ion of lepidolite and like min- 
erals, calcination of the digested product, leaching with water, and 
purification and recovery of lithium sul fate. 

In a process for recovering lithium and other values from pepe: 
tites, heavy minerals and quartz were removed from a ground slurry 
of the ore by SE separation and flotation, respectively; the re- 
maining complex silicates were fused with sodium and potassium 
sulfates, quenched in water, ground, treated with ammonium bisulfate, 
and leached with water. The solution was separated from the hy- 
drated silica and treated to recover the various metallic values.?“ 

The use of ion exchange resins was proposed for recovering lithium 
gem ores ** and from Ke aluminate complexes obtained from 

rines.? 

An apparatus for the continuous production of lithium metal by 
reducing a lithium halide with an alkaline earth metal was described.?* 
Lithium of a purity previously available only in laboratory quantities 
was produced commercially by a novel electrolytic technique. Prin- 
cipal improvement was reduction in nitrogen content.“ Reaction 
rates of lithium with oxygen and nitrogen were measured as a func- 
tion of temperature and pressure,“ the melting point of lithium was 
measured in the pressure range from 1 to 29,000 atmospheres,’ and 
mass-transfer properties of molten lithium were studied.” 

Lithium- magnesium and lithium-magnesium-aluminum alloys 
showed promise as structural materials for space vehicles and ordnance 


2 MacEwan, J. U. (assigned to Dept. of Mines, Quebec, Canada). Method of Producing 
Lithium Sulfate From Alpha- and Beta-Spodumene. U.S. Patent 2,972,517, Feb. 21, 1961. 

2 Martin. E. J., and P. E. Landolt (assigned to Basic Atomics, Inc.). Beneflelation of 
Lithium Ores. U.S. Putent 2,974,884, Mar. 14, 1961. 

Robinson, G. P. (assigned to Basile Atomics, Inc.). Recovery of Lithium From Ore. 
U.S. Patent 2.983.576, Ma y 9, 1961. 

* Gauguin. R.. and J. Claus (assigned to Péchiney, Compagnie de Produits Chimiques et 
Electrometallurgiques). Purifying Lithium Salts. U.S. Patent 3.000.699, Sept. 19. 1961. 
W Thomsen. A. M. Processing of Pegmatites. U.S. Patent 2.994.581. Aug. 1. 1961. 

* Whenton, R. M, and R. J. Anderson (assigned to Dow Chemical Co.). Recovery of 
Lithium From Lithium Bearing Ores. U.S. Patent 2,980.498, Apr. 18, 1961. 

Goodenough. R. D.. and V. A. Stenger (assigned to Dow Chemical Co.). Recovery of 
Lithium From Lithium Bearing Ores. U.S. Patent 2.980,499, Apr. 18, 1961. 

* Goodenough. R. D. (assigned to Dow Chemical Co.). Process for the Recovery and 
Separation of Lithium and Aluminum From Lithium Aluminate Complex. U.S. Patent 
2,977,185, Mar. 28, 1961. 

Goodenough, R. D.. and V. A. Stenger (assigned to Dow Chemical Co.). Recovery of 
Lithium From Lithium Aluminate Complex. U.S. Patent 2.980.497, Apr. 18, 1981. 

* Baker. P S, F. R. Duncan, and H. B. Greene (assigned to Atomic Energy Commis- 
19 Apparatus for the Production of Lithium Metal. U.S. Patent 2,997,289, Aug. 22, 


ae i heme A 1 News. Foote Mineral Offers Ultrahigh Purity Lithium. V. 

ug. 21, . p. 48. 
do Chandrarekharaiah, M. S. and J. L. Margrave. The Kinetics of Oxidation and Ni- 
tridation of Lithium, Calcium, Strontium, and Barium. J. Electrochem. Soc., v. 108, No- 
vember 1961, 4 . 1008-1012. 

D Ponvatovrkly. Ye. G. The Melting Points of Lithium and Sodium Under Prersures 
up to 30,000 kg/cm?. Fizika Metalloy 1 Metallovedeniye, v. 11, 1961, pp. 476-477, 
Trans. No. MCL-1211 : U.S. Govt. Res. Repts., v. 36, Nov. 5, 1961, p. 94. 

= Gill, W. N.. and others. Mass Transfer With Liquid Lithium in Circular Conduits. J. 
AIChE, v. 7, June 1961, pp. 216—220. 
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equipment. The use of lithium as an alloying constituent to harden 
lead also was being studied.“ 

Lithium was a constituent in alloys developed for brazing stainless 
steels“ and was proposed as a propellant.“ 

A lithium alloy and an organolithium compound in a solvent mix- 
ture were patented as catalysts for polymerizing certain unsaturated 
organic compounds." Butyllithium was compared with other cata- 
lysts for polymerizing synthetic rubber, and other aspects of its 
production, handling, and marketing were considered.* Properties 
of butyllithium and information on handling it safely in various 
operations were discussed.“ 

Anhydrous, oxyhalide-free lithium chloride or bromide was formed 
by direct halogenation of lithium hydroxide at a temperature above 
150° C. but below the melting point of the reaction mixture.“ A 
process for producing granular lithium carbonate comprised reacting 
aqueous sodium carbonate with aqueous lithium hydroxide, carbonat- 
ing the sodium hydroxide formed, and recovering the precipitated 
lithium carbonate.“ Lithium isotopes were recovered by ion exchange 
methods.“ 

The advantages and disadvantages of lithium perchlorate as a 
propellant oxidizer were discussed, and a means of converting present 
ammonium perchlorate plants to its production was indicated.“ A 
process was 5 to prepare lithium perchlorate by boiling an 
aqueous solution of ammonium perchlorate and lithium hydroxide 
heating the reaction mixture until the ammonia is driven off, an 
recovering the lithium perchlorate either as the trihydrate or the 
anhydrous salt.“ 


e Journal of Metals. Li-Mg Alloys. V. 13, May 1961. p. 339. 
3 15 Engineering News. Research and Technology Concentrates. V. 39, Oct. 
Salter, C. B., and R. J. Fabian. Lightweight Ordnance Equipment. Materials in Design 
Eng: v. 54 Tu 1961, pp. 100—108. 
eorge, H. P. Light Armor Materlals. J. Metals, v. 18, February 1962, pp. 181-134. 
8 Steel. Technical Outlook. V. 149, Aug. 28, 1961. p. 69. 
5 Bredzs, N., and H Schwarzbart. Recent Progress in Development of Self-Fluxing, 
Alr-Proof Brazing Alloys. J. Welding, v. 40. March 1961 supplement, pp. 123-129. 
Coxe, C. D. (assigned to Handy Herman). Brazing Filler Material. U.8. Patent 
8,000,339, Sept. 19, 1961. 
* Hardin. M. C., and A. I. Masters. Lithium Propellant Shows Low Combustion Losses. 
Space / Aeronautles, v. 36, September 1961, pp. 63-68. 
1 F. J. Advanced Rocket Propulsion. Chem. Eng., v. 68, Apr. 3, 1961. pp. 
Cox, R. B. (assigned to Aerojet-General Corp.). Sodium, Calcium, Lithium Alloy Hydro- 
fuel. U.S. Patent 2.978.304. Apr. 4, 1961. 
BS A Journal (London). Lithium in Space Engines. V. 257, Nov. 10, 1961, pp. 
m Juckson, H. L. (assigned to E. I. du Pont de Nemours & Co.). Catalytic Procesa for 
Polymertzing Chloroprene to a Solid Elastomer. U.S. Patent 3.004,011, Oct. 10, 1961. 
Zelinski, R. P. (assigned to Phillips Petroleum Co.). Preparation of Copolymers in the 
Presence of up Organo-Lithium Catalyst and a Solvent Mixture Comprising a Hydrocarbon 
and an Ether, Thioether, or Amine. U.S. Patent 2,975,160, Mar. 14, 1961. 
s Chemical Week. Butyl Lithium Steps Ont V. 88. May 13, 1961, pp. 73-74. 77. 
2 Dezmelyk. E. W., and R. S. Reed. Butyllithlum Handling and Safety Practices. Ind. 
and Eng Chem., v. 53, June 1961. pp. 6BSA-71A 
* Verdieck, R. G., and J. B. Bravo (assigned to Fonte Mineral Co.) Manufacture of 
Anhydrous Lithium Halide by Direct Halogenntion. US Patent 2.968.528. Inn. 17. 1981. 
“a Mazza, H., R. L. Craig, and H. R. Foster, Jr. (assigned to American Potash 4 Chemi- 
cal Corp.). Manufacture of Lithium Carbonate. U.S Patent 3.007.771. Nov. 7. 1961. 
“% Lee D. A. Enrichment of Lithium Isotopes by Ion Exchange Chromatography: the 
Influence of the Natnre of the Solution Phase on the Separation Factor. J. Am. Chem. 
Soc., v. 83, Apr. 20. oon D 1801-1803, 
@ Reynolds, J. E., and T. W Clapper. The Manufacture of Perchlorates. Chem. Eng. 
Prog.. v 57, December 1981, pp. 94-97. 
H “ Ga E 65 5 R. aA uh clinker 1 American Potash & Chemical 
orp.). anufacture o um Perchlorate From Lithium droxide and Ammoni 
Perchlorate. U.S. Patent 2,998,299, Aug. 29, 1961. Hy ES 
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Sodium aluminum hydride produced by direct synthesis could be 
reacted with lithium chloride to give lithium aluminum hydride at a 
lower cost than by present methods.“ Processes were proposed for 
producing lithium aluminum hydride as a suspensoid in a hydro- 
carbon, lithium borohydride, lithium decaborane,* and lithium- 
substituted oxides having predetermined resistivity.*? 

The utility of lithium ain dum hydride as a reductant was in- 
creased by using pyridine as a solvent, and the mechanism of the 
reaction was explained. Lithium hydroxide was found to react with 
silica in a different manner than sodium and potassium hydroxides 
ihe appeared to have an inhibiting effect on their reaction with 
silica.” 

The study of the physical properties of lithium fluoride single 
crystals continued to be an approach to understanding the mechanical 
behavior of nonmetallic materials and so further the development of 
ductile ceramics. Attempts were made to relate mechanical properties 
of lithium fluoride crystals to such factors as pretreatment, environ- 
ment, and impurities.” 

Dense ceramic specimens were fabricated successfully by hot press- 
ing a petalite-clay body. Preparation of a dense, mechanically 
strong, electrically insulating ceramic material from lithium silicate 
and lithium aluminum silicate crystals was disclosed.™ 

Continued research on systems containing lithium oxide furnished 
additional basic data on phase relationships.“ In a study of devitrifi- 
cation of a lithium glass at three different temperatures, the crystals 


Chemical & Engineering News. Cost Could Drop for Complex Metal Hydrides. V. 
89, Dec. 18, 1961, pp. 45-46. 

“Thomas, J. R., and L. De Vries (assigned to California Research Corp.). Process for 
Preparation of Lithium Aluminum Hydride Suspensoid and Product Thereof. U.S. Patent 
2,995.527, Aug. 8. 1961. 

Wittig, G.. and P. Hornberger (assigned to Heyl and Co. Chemischpharmnzeutische 
Taba. Preparation of Borohydrides of the Alkali Metals. U.S. Patent 2,975,027, Mar. 

* Edwards, L. J., and W. V. Hough (assigned to Callery Chemical Co.). Preparation 
of Alkali Metal Derivatives of Decnborane. US. Patent 2.993.751, July 25, 1961. 

* Johnston, W. D., and R. R. Heikes (assigned to Westinghouse Electric Corp.). Process 
for E Lithium Substituted Transition Metal Oxides and Members Prepared There- 
from. U.S. Patent 2,993.011. July 18. 1961. 

8 Lansbury. P. T. Lithium Aluminum Hrdride Reactions in Pyridine Solution; Reduce 
tive Cleavage of Ketones. J. Am. Chem. Soc.. v 83. Jan. 20, 1961. pp. 429-434. 

& Lawrence. M., and H. E. Vivian. Reactions of Various Alkalis With Silica. Aus- 
tralian J. Appl. Sei, v. 12. January 1961. pp. 96-103. 
wen E & W News. UC Work Gives Clues to Ductile Ceramics. V. 89, 

eb. 27. . p. 38. 

Ives, M. B. Orientation—Dependent Dissolution of Lithium Fluoride. J. Appl. Phys., 
v. 32. August 1961, pp. 1534-1535. 

Phillips, W. L., Jr. Room-Temperature Deformation and Fractnre Characteristics of 
1 Fluoride Single Crystals. Trans. Met. Sci. of AIME, v. 221, February 1961, pp. 


. Lattice Parameter Studies of Impurity Effects on Plastic Properties of Lithium 
Fluoride. J. Appl. Phvs., v. 32, April 1961, pp. 751-752. 
. Effect of Environment and Surface Condition on Strength of Lithium Fluoride 
Single Crystaln. J. Am. Ceram. Soc., v. 44. August 1961. pp. 395-400. 

Taylor, A. Low-Tempernture Interval Friction Peaks in Single Crystals of NaCl and 
LiF. J. anpi: Phys, v. 32, September 1981, pp. 1799-1800. 

& Weiss, D., and W J. Knapp. Hot Pressing a Simple Petalite-Clay Body. Am. Ceram. 
Soc. Bull., v. 40, February 1961, pp. 66-67. 

€ Chen. F. P. H. (nssigned to General Electric Co.). Ceramic Material and Method of 
Making the Same. U.S. Patent 3.008.775, Oct 31. 1981. 

es Strickler, D. W., and Rustum Roy. Studies in the System L1,0-A10,-Fe,0,-H,0. 
J. Am. Ceram. Soc., v. 44, May 1. 1961. pp. 225-230. 

Tien, T. Y., and F. A. Hummel. Studies in Lithium Oxide Systems: X, Lithium Phos- 
phate Componnds. J. Am. Ceram Sue, v. 44. May 1. 1961. pp. 206-208. 
. Studies in Lithium Oxide Systems: XI, L1,0-B,07-P105 J. Am. Ceram. Soe., 
v. 44, Aug. 1. 1961, pp. 390—394. 

Westman, A. E. R., and M K Murthy. Constitution of Mixed-Alkal! Phosphate Glasses: 
II. Constitution of Variable Lithium Constant Sodlum-Potassium Phosphate Glasses. J. 
Am. Ceram. Soc., v. 44, Oct. 1, 1961, pp. 475—480. 
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were identified and their growth rate determined.* The controlled 
nucleation and crystallization of glass components to form crystalline 
lass ceramics were described,” and a method of forming a grid from 
ight-sensitive glass was developed. Lithium was a required con- 
stituent in a number of enamel and glaze compositions.“ 

Certain lithium compounds were found to be effective mineralizers 
needed to produce fluorescent germania.* The preparation and prop- 
erties of magnesium lithium antimonate phosphors were described 
and their fluorescence explained." Experimental metallic hydride 
fuel cells were operated with lithium metal as one electrode and molten 
lithium halides as the electrolyte. Lithium and platinum were 
reacted at about 200° C. and treated with water to form a very active 
hydrogenation catalyst.“ 

Patents were issued on the use of lithium hydroxide in improving 
the rheological properties of a kaolin slurry, lithium citrate in a 
drilling mud,“ lithium chloride as a desiccant, lithium bromide in 
refrigeration," lithium stearate in an explosive foam, and various 
lithium compounds in greases.*? 


5 Jaccodine, R. J. Study of Devitrification of Lithium Glass. J. Am. Ceram. Soe., v. 
44, Oct. 1, 1961, pp. 472-475. 
a Stookey, S. D. Glass Ceramics. Chem. and Eng. News, v. 39, June 19, 1961, pp. 


Stookey. 8. D. (assigned to corning Glass Works). Ceramic Body and Method of Mak- 
ing It. U.S. Patent 2,971,853. Feb. 14, 1961. 
Technical Survey. Ceramica and Glass. V. 17. Dec. 28. 1961, p. 58. 
9 Long, J. V., and J. V. Furth (assigned to Solar Aircraft Co.). Protective Coating 
Methods and Material. U.S. Patent 2.997.251. Mar. 28. 1961. 
2 ner D C. (assigned to Kimble Glass Co.). Enamel. U.S. Patent 2,969,293, Jan. 


Steiger, L. W. (assigned to Stepan Chemical Co.). Glaze and Enamel Composition In- 
cualag Lithium Fluosilicate and Method of Making Them. U.S. Patent 2,995,468, Aug. 


e Sarver, J. F., and F. A. Hummel. The Preparation of Fluorescent Germania. J. 
Electrochem. Soc., v. 108, Fehruary 1961. pp. 195-196. 

Mooney, R. W. Magnesium Lithium Antimonate Phosphors. J. Electrochem. Soc., 
v. 108, December 1961. pp. 1110-1114. 

* Clarlariello, T. A., and R. C. Werner. Fuel Cells Based on Nuclear Reactors. Chem. 
Eng Prog.. v. 57, March 1961, pp. 42-45. 

: chem eal & Engineering ews. Platinum-Lithium Reaction Gives Catalyst. V. 89, 
an. 30, , p. 42. 

es o 9 H. (assigned to Georgia Kaolin Co.). Reducing Dilatancy of Clays. U.B. 
Patent 2.995.458, Aug. 8, 1961. 

Ven eaters J. 8. (assigned to Texaco, Inc.). Drilling Fluid. U.S. Patent 2,973,820, 
eb. 28, ; 

* Beerman. H. P. (assigned to International Minerals & Chemical Corp.). Carrier Sup- 
ported Desiccant. U.S. Patent 2,967,154. Jan. 3, 1961. 

* Rush, W. F., and W. G. Watters (assigned to Borg-Warner Corp.). Absorbent Com- 
position for an Absorbent Refrigeration System. U.S. Patent 3,004,919, Oct. 17, 1961. 

8 Pool, J. E. Fonmed Liquid Explosive. U.S. Patent 2.967.099, Jan. 3, 1961. 

* Borg, A. C., and R. H Leet (nasigned to Standard Oil Co. of Indiana). Lithium Hydro- 
stearnte Thickened Grease Having Both Stable Short Soap Fibers and Metastable Soap 
Microfibers and Process of Making Same. U.S. Patent 2.980.614, Apr. 18, 1961. 

Eckert. G. W., and P. R. Thomas (assigned to Texaco, Inc.. Lubricating Greases 
Thickened With Mixtures of Fatty Acid Soaps and Lithium Dilinoleate. U.S. Patent 
2.983.680. May 9. 1981. 

Natkin, A. M., J. J. Kolfenbach. and E. O. Forster (assigned to Esso Research 4 Engi- 
1 Co.). Irradiation of Lithium Base Greases. U.S. Patent 2.990.345, June 27, 


Bonmartin. F. G., and W. C. Pattenden (assigned to Esso Research & Engineering Co.). 
Greaxe Compositions Containing Lithium Salt of an Ester of an Acid Phosphate. U.S. 
Patent 3.000,821, Sept. 19. 1961 

Jordan. T. B., and J. P. Dilworth (assigned to Texaco. Inc.). Extreme Pressure &teel- 
Mil] Lithlum-Base Grease Containing Sperm Oll and Lead Naphthenate. U.S. Patent 
8,003,962, Oct. 10, 1901. 


Magnesium 


By H B. Comstock * and Jeannette I. Baker ? 


+ 


OMESTIC production of primary magnesium in 1961 was 675 
D short tons more than in 1960, and consumption rose 8,433 tons, 

exceeding production by 4,788 tons. Primary magnesium as an 
ingredient in aluminum alloys accounted for most of the increase in 
consumption. 

World production of the primary metal rose 12 percent above 1960. 
The greatest increases were in Norway, the U.S.S.R., Canada, and 
the United States. 

Progress in research included development of new magnesium- 
1 alloys that are 20 percent lighter than standard magnesium 
alloys. 

TABLE 1.—Salient magnesium statistics 


(Short tons) 
1952-56 1957 1958 
(Average) 
United States: 
Production: 
Primar... 70, 621 81, 263 30, 096 31, 033 
ROSEY A n 10, 486 10, 658 8, 707 10, 090 
Imports for consumpt!on.............. 1, 180 982 537 593 
el. — 3, 700 1. 219 207 1. 601 
Consumption 45, 704 44. 442 35, 352 41. 551 
Price per pound cents 27. 6 35. 25 35. 25 35. 25 
World: Primary production 114,800 | 128, 700 78, 500 | 1 82, 400 
1 Revised figure. 


DOMESTIC PRODUCTION 


Primary.—Production of primary magnesium in the United States 
rose 2 percent in 1961. The Canaan, Conn., Selma, Ala., and Free- 
port, Tex., plants were in operation throughout the year except for 
a 2 weeks’ shutdown of the Freeport plant in September because 
of damage from Hurricane Carla. Shipments continued without 
interruption.? 

During the latter part of 1961, The Dow Chemical Co. began to re- 
habilitate its primary magnesium plant at Velasco, Tex., and pre- 
pared to have the cells operating in two of the eight cell buildings 


1 Commodity lalist, Division of Minerals. 
2 Research assistant. Division of Minerals. 
à 90 Che Metal Market. Hurricane Damage in the Millions. "V. 68, No. 179, Sept. 18, 
p. 9. 
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Flaum 1.—Domestic production and consumption of primary magnesium, 
1952-61. 
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by January 1962.“ The plant had been closed since 1958. Titanium 
etals Corp. of America (TMCA) recycled magnesium continuously 
as an integrated operation of its production of titanium at Henderson, 
Nev. - | 


TABLE 2.—Production and shipments of primary magnesium in the United States, 
by months 


(Short tons) 


1952-56 (average) 1957 1958 


Month 


Ship- | Produc- | Ship- | Produc- | Ship- 

tion ments tion ments 
January- A A A 7, 391 7. 529 5, 272 3. 387 
de a A A cae ei 6.617 7, 776 3. 526 2, 060 
Math. sc. 1. ̃———T 7. 383 5, 318 3, 235 2. 260 
Fl E? 7, 222 4, 251 2. 772 3, 043 
Ree 7. 227 3. 870 2. 469 2. 415 
B AUT ee euer 6. 718 4. 668 1,744 2. 844 
// DT 0. 777 2. 596 1, 709 2. 645 
Bt AAA ⁵ðV aiis aada 7.152 3, 097 1, 845 2. 610 
BepL mi Def A eebe SS 6, 486 5, 130 1, 791 2, 942 
Octobe A A A ax SERES 6. 468 8. 147 1. 927 3. 151 
Novembdenn?n?n.nr.!?‚‚‚;‚, 5. 995 2, 114 1. 814 2.911 
einde E ade Dd 5, 827 2. 074 L 862 8, 908 
TOtlll.. 2:21:29 S cow dedos scious: 81, 263 51, 570 $0, 096 34, 156 

Produc- | Shlp- Produc- | Ship- Produc- | Ship- 

tion ments tion ments tion ments 
E e dE 1, 877 2. 976 8, 355 8. 775 8. 255 4, 090 
e,, 2.-- 1, 725 3, 671 A 180 8.675 8, 265 4, 880 
EST DEE 1, 925 3. 681 3, 600 5, 625 3, 470 4. 395 
P! E es 1. 808 4,176 8. 200 4, 105 8. 435 8. ^60 
)))) 8 2. 668 3. 995 3. 240 4, 465 3, 490 4. 655 
/%0éĩ%³ê6 ³« ]. . ñ 8 2. 778 4.271 3. 075 4. 335 3. 440 4, 145 
DUNG EE 2. 850 4, 559 3, 120 2. 435 3,675 2, 270 
l/ ³ðV— id 2. 967 4. 367 3. 200 5. 310 9. 930 4. 870 
Septem bi —— ccc LLL Lll lel 2, 846 3, 026 3, 290 4. 785 ]. 525 5, 190 
Oi ³⅛ / T SM 3, 018 3. 556 8. 535 4, 925 3, 505 5, 165 
Noͤrem ber? 3. 042 4. 718 3, 200 4, 470 3. 900 7 165 
Demddddddd 3. 529 4, 3. 985 6. 445 3, 855 5. 130 
fr A 31. 033 47, 532 40, 070 54, 350 40, 745 55, 515 


ion 13 22 Metals. Dow to Increase Magnesium Production. V. 17, No. 11, December 
e D. 82. 
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Secondary.—Most of the decrease in recovery of magnesium from 
scrap in 1961 was in recovery from new scrap. 


TABLE 3.—Magnesium recovered from scrap processed in the United States, by 
kinds of scrap and forms of recovery! 


(Short tons) 
1952-56 1957 1960 
(average) 
Kind of scrap: 
New scrap: 
Magnestum-base.................. 8, 179 
Aluminum-bease.................. 2. 825 
„ 6. 004 
Old scrap: 
Magnestum-base.................. 8, 560 
Aluminum-base................... 784 
TRX 4. 944 
Grand total 10, 348 
Form of recovery: 
Magnesium alloy ingot 1.............. 8, 828 
Magnesium alloy castings (gross 
weight) .... m dceneyseaeees 103 
Magnesium alloy shapes 3 
Aluminum alloys... ................. 8, 208 
Zinc and other alloys. ................ M 
Chemical and other dissipative uses... 255 
Cathodic protection................... 2, 897 
TT OAL BEE 10, 318 


3 Figures include secondary magnesium content of both secondary and primary magnesium alloy ingot 


TABLE 4.—Stocks and consumption of new and old magnesium scrap in the United 
States in 1961 


(Short tons, gross weight) 


Consumption 
Stocks, nl Stocks, 
Scrap item Jan. 1! | Receipts Dec. 31 
New Old Total 
scrap scrap 
Cast sern ER 397 6, 036 725 4, 105 4, 830 603 
Solid wrought serap 137 744 661 ].........-. 661 225 
Borings, turnings, drosses, etc.........-... 203 1, 536 1511 1. 551 188 
lr ³o¹¹·¹ A 737 7. 321 2. 937 4, 105 7,042 1,016 


1 Revised figures. 


CONSUMPTION AND USES 


Use of primary magnesium as an ingredient in aluminum alloys 
accounted for most of the increase in consumption in 1961. Increased 
use of magnesium tooling plate was reflected in the slight rise in con- 
sumption of the metal in sheet and plate. Boeing Co.* was one of the 
larger users of tooling plate.® 


è Changed May 2, 1961. from Boeing Airplane Co. 
5 Metals. Boeing Will Use Mure Magnesium Tooling Plate. V. 17. No. 8, April 
51. D . 
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Although shipments of magnesium die castings increased during 
the latter half of 1961, consumption of the metal to produce the 
castings during the entire year fell 200 tons below 1960.“ 

Large satellite containers were forged from magnesium alloys.“ 
They were formed on a 50,000-ton closed die forging press. 


TABLE 5.—Domestic consumption of primary magnesium (ingot equivalent and 
magnesium content of magnesium-base alloys), by uses 


(Short tons) 
Use 1952-56 1957 1958 1959 1960 1961 
(average) 
For structural products: 
Castings: 
Band EE 10, 343 6, 076 5, 698 4, 770 2, 561 2, 408 
17 ͥ ³¹ ꝗAA 2, 2 1, 64 11, 553 11,772 11,528 1 1,328 
Permanent mold.................. 983 671 889 981 745 404 
Wrought products: 
Sheet and plate 5. 109 4, 916 4, 061 6, 128 4,112 4, 434 
Extrusions (structural shapes, 
tübitig). occasion dia cetós o 4, 050 5, 081 2, 624 3,074 2, 580 3, 990 
Forg ing 185 7 141 1, 913 893 767 
AA ene ea 22, 953 18, 300 14, 966 18, 638 12, 419 13, 391 
— ͤ—-—-—-—T — 
For distributive or sacrificial purposes: 
POW Gl. aio EE 991 386 352 456 430 244 
Aluminum alloys 10, 287 11.236 10, 746 14. 780 12, 511 19, 754 
ne dd A (3) (2) (2) (2) (3) $27 
Other alloys. ...-----2- 2-22 ee ll el. 389 587 446 840 421 1,017 
Scavenger and deoxidizer............. 650 867 708 292 788 344 
Espen cones 235 325 148 351 276 207 
Cathodic protection (anodes)......... 3, 419 2, 997 2, 028 3, 005 3, 264 2, 406 
Reducing agent for titanium, zirco- 
nium, hafnium, uranium, and 
beryllium 1 5, 549 9, 695 5, 953 3,175 | 6,978 7, 950 
e AA ß noc 1. 231 49 5 14 13 103 


1 Includes primary metal to produce small quantities of investment castings, 

3 Before 1961, included with other allovs. 

3 Before 1954, included with other, 1954, 6,388 tons; 1955, 8,056 tons; 1956, 13,303 tons. 

Includes primary metal consumed for experimental purposes, debismuthizing lead, and producing 
nodular iron and secondary magnesium alloys, 


STOCKS 


On December 31, 1961, producer and consumer stocks were 6,790 
tons of primary magnesium and 1,950 tons of primary magnesium 
alloy ingot—decreases of 15,620 tons for primary magnesium and 2,525 
tons for primary magnesium alloy ingot below stocks at the ee 
of the year. At the end of the year, the only Government stocks o 
magnesium were 179,000 tons of the primary metal in the national 
(strategic) stockpile. 


PRICES 


The base price of primary magnesium ingot in standard 42-pound 
pig form remained at 35.25 cents a pound, f.o.b. plant.? 


american Metal Market. Magnesium Casting Shipments. V. 69, No. 37, Feb. 23, 1962, 
p. 
Ek eebe Metal Market. Forging Satellite Containers. V. 68, No. 134, July 14, 1961, 


p. 10. 
* E&MJ Metal and Mineral Markets. Magnesium. V. 33, No. 1, Jan. 4, 1962, p. 4. 
659873—62 54 
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FOREIGN TRADE 


Imports of magnesium were more than twice the quantity imported 
in 1960. About 67 percent of the total 1,041 tons was scrap metal. 
These imports came from nine countries: 257 tons from Canada, 8 
tons from Denmark, 1 ton from the Dominican Republic, 29 tons from 
West Germany, 55 tons from Japan, 1 ton from Norway, 17 tons from 
Sweden, 51 tons from Taiwan, and 622 tons from the United Kingdom. 
Throughout 1961, the duty on magnesium metal remained at 50 per- 
cent ad valorem. For magnesium powder, ribbon, sheets, tubing, man- 
ufacturers, and so forth, the duty remained at 17 cents per pound on 
metallic content plus 8.5 percent ad valorem. Suspension of duty on 
magnesium scrap was extended to June 30, 1962. 

xports of magnesium from the United States increased 30 percent 
above those of 1960; 35 percent of the total went to West Germany, and 
deliveries to Canada were about four times the quantity delivered in 
1960. 


TABLE 6.—U.8. imports for consumption and exports of magnesium 


Alloys (magnesium 


Sheets, tubing, ribbons, 
Metallic and scrap content) 


wire, and other forms 
(magnesium content) 


Year 


Short tons Value Short tons 


1952-56 (average) $526, 873 9 
ee . ioe aoe ee 479, 855 35 
1058 AA A 230, 316 9 
1050... A A 8 303. 307 26 
AM CRT: 202, 087 28 
!! 482, 907 31 

Metal and alloys in Semifabricated forms, 

crude form, and scrap D.e.c. 

1952-56 (average) 
rr. ³ĩð 
J TIME 
JJ; ⁵ 8 : : : 
|i e ³»w¼ , D : 1, 037, 325 
Ir A 325 ‘ 3878, 815 


1 Owing to changes in tabulating procedures by the Bureau of the Census, data known to be not com- 
parable with other years. 

ER to changes tn items included in each classification 1954-57, data are not strictly comparable to 
earlier years. 

3 EfTective Jan. 1, 1958, some material formerly included with metals and alloys in crude form, and scrap 
included with ‘“‘semifabricated forms, not elsewhere classified.” 


Source: Bureau of the Census. 


1 Figures on imports and e rte compiea by Mae B. Price and Elsie D. Jackson 
Division of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
erce, Bureau of the Census. 
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TABLE 7.—U.8. exports of magnesium, by classes and countries 


(Short tons) 
1960 1961 
Destination Primary | Semifab- Primary | Semifab- 


Powder | metal, ricated | Powder 
alloys, forms 
and scrap] n.e.c. 


Mees 


Other North America 


CCC 


South America: 
CU IA GE, A EE 
Colombia: E WEE, Ee, A DEE, es 
Venezuela... Ee 
Other South America 


- ————— pro 
e ap er een oa " a | o 


Total AAA .. „„ 


ie e ————d— — | mnn nace 
— ——— | es | | Ó Ó— M 


Euro 


; 


CCC 


eg . — | eee | ee nga —— 
—— fe EE 


4» De apen Gee ee eee ee eee — or mm 
-——— rr nas 
——— — — gr em 


— — 2 —üäöäẽ — 2 | —áá— an 
— e | — ——— — — — e 


Grand total 5 


1 Lee than 1 ton. 
Source: Bureau of the Census. 


WORLD REVIEW 


Increased output of magnesium in Norway, the U.S.S.R., Canada, 
and the United States, accounted for the 12-percent rise in world pro- 
duction above that of 1960. 

Canada. Dominion Magnesium, Ltd., sole producer of the primary 
metal in Canada, expanded the annual capacity of its silicothermic 
plant at Haley, Ontario, from 8,000 to 10,000 tons. 

Germany, West.—The small production of magnesium in West Ger- 
many was confined to two firms: Knapsack-Griesheim, A.G., near Col- 
ogne, and the government-owned plant, Vereinigte Aluminium Werke 


5 e American Metal Market. Canada Optimistic in Outlook. V. 69, No. 29, Feb. 9, 1962, 
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A.G., in Pocking, Bavaria.“ Engineers at Knapsack-Griesheim, 
A.G., reported development of a continuous ferrosilicon reduction pro- 
cess to produce magnesium from dolomite.” 


TABLE 8.—World production of primary magnesium, by countries 
(Short tons) 


296＋3ẽaẽ•⁹?᷑„§„ ? 14 o e e zs leaeeeas e o a zs eleee oa e ees eleeeeeeee ee 


IET. 
31288 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
W figures are included in the detall. 
stimate. 


§ Data not available; estimates by senior author included in total. 

4 Average annual production 1954-56, 

In addition, the following amounts of remelted magnesium were produced: 1957, 1,906 tons; 1958, 2,567 
tons; 1959, 2,694 tons; and 1960, 3,327 tons. 

* Primary metal and remelt alloys. 


Compiled by Pearl J. Thompson, Division of Foreign Activities, 


Japan.—The Dow Chemical Co. made a 15-year exchange agreement 
with Kobe Steel Works, Ltd., Tokyo, to provide the Japanese com- 
pany with technical information on the fabrication of magnesium.!* 

Norway.—During the latter half of 1961, Norsk. Hydro Elektrisk, 
sole producer of primary magnesium in Norway, began . 
the feasibility of delivering molten metal to Vi Werke, its 
principal consumer in West Germany.“ l 

United Kingdom.—In October 1961, Magnesium Elektron, Ltd., 
announced plans to erect a 5,000-ton thermic plant at Hopton in Der- 
SE to produce magnesium from dolomite.* Magnesium Elektron 
planned to continue operation of the electrolytic magnesium plant at 
Clifton Junction, near Manchester. 


TECHNOLOGY 


Research to develop new and improved magnesium alloys con- 
tinued. New magnesium-lithium alloys were developed that were 
20 percent lighter than standard magnesium alloys." Pilot tests 


12 Rnrenu of Mines. Mineral Trade Notes. V. 52, No. 6, June 1961, p. 24. 

SE Week. Backing Germany's Magnesium Bid. V. 88, No. 24, June 17, 1961, 
pp. 71-72. 
19 ae Metal Market. Dow to Extend Ald to Japanese. V. 68, No. 154, Aug. 11, 

vp. 10. 

18 American Metal Market. Norwegian Magnesium: Hot Metal for VW? V. 68, No. 
193, Oct. 6, 1961, pp. 1. 21. 

10 Light Metals (London). Magnesium—A New Dawn, V. 24, No. 281, October 1961, 


pp. 255-259. 
Metallurgia. Magnesium Elektron, Ltd. V. 64, No. 384, October 1961, p. 190. 
1 Bryer, T. G., P. D. Frost, and Others. Magnesium-Lithium Alloys. ght Metal Age, 


v. 19, Nos. 3 and 4, April 1961, p. 15. 
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indicated that the new alloys had excellent resistance to spalling and 
penetration by high-velocity fragments and that they gave promise 
of sufficient strength to carry loads in space structures. 

Work on single crystals of magnesium was described, with com- 
parison of their properties with those of zinc single crystals.“ A 
permanent loss in strain hardening accompanied continued strain of 
magnesium crystals. The investigations covered the plastic flow of 
magnesium crystals at low temperatures and determined creep and 
constant strain rates. 

The Bureau of Mines continued research at its Rolla, Mo., Metal- 
lurgy Research Center to develop new and improved magnesium al- 
loys, with special emphasis on the magnesium-zirconium system. The 
work eluded studies of the vibration-damping properties of mag- 
nesium and its alloys and covered investigation of damping by single 
crystals of magnesium and by polycrystalline magnesium and mag- 
nesium alloys. 

A bibliography was published that covered magnesium-thorium al- 
loys and listed their physical properties.'? It included papers de- 
scribing tests and metallurgical analyses employed to establish the 
properties. 

Increasing interest in the effects of low temperatures upon metals 
was reflected in studies to determine the tensile strength of magnesium 
alloys in the temperature range of minus 196? to plus 200° C. The 
alloys tested contained cadmium, silver, and indium. The flow and 
fracture stresses were given for various temperatures. An investiga- 
tion was conducted to compare the hardness of single magnesium 
crystals and polycrystalline magnesium, when rolled. 

esearch was reported on magnesium casting. Work at The Dow 
Chemical Co. new laboratory at Midland, Mich., was directed toward 
developing better magnesium die castings and improved casting tech- 
niques.* Increased use of light metals in jet engines and space 
vehicles encouraged development of new and improved inspection 
ractices in magnesium foundries.“ Improvements were described 
or forming magnesium sand cast ings.“ A new technique enabled 
foundrymen to produce sound investment castings from eight mag- 
nesium alloys, as well as the AZ92A alloy (containing aluminum, man- 


ganese, and zirconium) that has been used exclusively for this type 
of castings.” 


38 Conrad, H., and Others. On the RateControlling Mechanism for Plastic Flow of 
Marner uar Crystals at Low Temperatures. Acta Metallurgica, v. 9, No. 4, April 1961, 


Phillips, We L., Jr. Shear Deformation of Magnesium and Zine Single Crystals. Metal 


1 Hollister. William L. Properties of Magnesinm-Thorinm Allove. An Annotated Bibli- 
ography. Off. Tech. Services, U.S. Dept. Commerce, Special Bibliography No. SB-61-29, 
June 1981, 21 np. 

39 Tegart. W J. McG. The Tensile Properties of Some Polxervstalline Magnesium Alloys 
at Low Temperatures. J. Inst. Met., v. 89, No. 6. February 1961. pp. 215-218. 

£t! Schwartz. M., and Others. Hardness Anistropy lo Single Crystal and Polycrystalline 
Magnesium. Trans. AIME, v. 221. No. 3, June 1961, pp. 554-560. 

2 American Metal Market. Die Casting Research. V. 68, No. 139. July 21, 1961. p. 10. 
Td poenas Robert C. Magnesium Castings. Foundry, v. 89, No. 5, May 1961, pp. 


* Foundry. Gating Magnesium Sand Castings. V. 89, No. 2. February 1961, PP. 80-87. 
Boe , March 


Biron Ace. Investment Casting Technique Widens Magnesium Usage. v. 188, No. 22, 
Nov 39. 1961. pp. 142-143. 


Herrick, Kenneth. and Harry Matthieson. Most Magnesium Alloys Can Be Investment 
Cast. Precision Metal Molding, v. 19, No. 3, March 1961, pp. 53-59. 
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Improved gating systems for magnesium die castings were de- 
scribed. Preparation of thin-walled permanent-mold magnesium 
castings with intricate configurations was described." A centrifuge 
fitted with permanent molds formed the castings at 220 rpm. 

Magnesium alloy sheet was deep-drawn at the same speeds on 
mechanical presses used for steel and aluminum sheet. 

Improvements were developed for joining magnesium parts to 
each other and to other metals.“ A new flux was used for weldi 
a magnesium alloy to stainless steel.“ The welded units were use 
to hold canisters containing radioactive material used in producing 
nuclear energy. 

4 Improvements in surface finishing and coating of magnesium were 
escribed.?! 

A new method was described for introducing magnesium into molten 
iron to produce high quality gray or ductile iron.* The method per- 
mitted normal cupola operation in standard foundry equipment. 

Small additions of magnesium to zinc galvanizing solutions im- 
proved corrosion resistance of the galvanized metal products.“ The 
method of preparing the solutions was described, and test data were 

ven. 

Electrochemical processes in magnesium anodes were measured 
and recorded.“ Service records of magnesium anodes attached to 
U.S. Navy vessels for one- and two-year periods showed that cathodic 
protection was 90 to 100 percent effective in eliminating corrosion of 
the underwater steel hulls of the ships.“ 


2 Bennett, Foster C. Gating Magnesium Die Castings. Foundry. v. 89, No. 11, Novem- 
ber 1961, pp. 104-107. 
s Smith, Warren C. Centrifugal Casting of Thin-Walled Magnesium Parts. Metal 
Prog., v. 80, No. 2, August 1961, Pp: 101-102. 
88. Grene, E. V. Deep-Drawing Magnesium. Mod. Metals, v. 17, No. 7, August 1961, pp. 
2 Modern Metals. Joining Magnesium, Pt. 1: Are Welding. "V. 17, No. 9, October 1961, 
. 88—40, 42, 44, 46; Pt. 2: Resistance Welding. V. 17, No. 10, November 1961. pD. 60, 
HA 65-66; Pt. 8: Mechanical Fastening. V. 17, No. 11, December 1961. pp. 64, 66, 70. 
$0 Chemical Engineering: Flux Permits Joining Magnesium to Stainless Steel. V. 68, 
No. 6, Mar. 20, 1961, p. 192. 
daa 1 Metal Market. New Finishing System Deseribed. V. 68. No. 202. Oet. 20, 
Rhoden, R. A. Finish System for Magnesium Aircraft. Tech. Abst. Bull. U6 1-1-2, 
Jan. 15, 1961. pp. 57-58. 
Steel. Improved Magnesinm Protection. V. 149, No. 24, Dec. 11, 1961, p- 91. 
€ Steel. Magnesium for Iron Founders. V. 149, No. 7, Aug. 14, 1961, p. 127. 
ane Steel. Stirring Magnesium Into a Zinc Bath. V. 148, No. 24, June 12, 1961, pp. 154, 
* Robinson. J. L., and P. F. Ring: Flectrochemical Behavior of the Magnesium Anode. 
J. Electrochem. Soc., v. 108, No. 1, January 1961, pp. 36-41. 
*$ Waldron, L. J., and M. H. Peterson. Magnesium Anodes for the Cathodic Protection 
of Naval Vessels. Corrosion, v. 17, No. 7, July 1961, pp. 125-127. 


Magnesium Compounds 
By H. B. Comstock! and Jeannette L Baker * 


A 


XPANDING requirements for basic refractories in steel furnaces 
E accounted for the 19- percent increase in the world output of 

crude magnesite above 1960. Although domestic production 
of some of the magnesium compounds decreased slightly below 1960, 
output of crude magnesite and magnesia rose. Research on the 
poper of magnesıum oxide crystals developed a high-strength, 
igh-melting-point ceramic material for insulating heat exchangers 
and electrical equipment. 


TABLE 1.—Salient magnesium compounds statistics 
(Thousand short tons and thousand dollars) 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 
Crude magnesite: 
Production: 
A AA Eeer 1 504 3 678 3 493 3 594 3 409 3 604 
A EE $2, 540 $3, 258 $2, 409 $2, 401 $2, 051 $3, 129 
Caustic-calcined magnesia: 
Sold or used by producers 
A AA 37 61 45 54 66 80 
AOS AAA A $2, 917 $3, 161 $2, 648 $3, 533 . 202 $5, 004 
Imports for consumption: 
NTT 3153 $265 $115 $264 $213 $226 
Exports: Value (4) $4, 033 $544 $667 $686 $535 
Refractory magnesia: 
Sold or used by producers: 
Manig 385 468 415 518 506 509 
MIO: ee ee $18,627 | $26,319 | $23.375 | $31,458 | $30, 863 $35, 408 
Imports: Value $4. 122 $4, 033 $5. 095 $9, 606 $7, 570 $3,011 
Exports: Value OI $1, 436 $2, 838 $5, 160 $5, 988 $7, 988 
Dead-burned dolomite: 
Sold or used by producers: 
USO UILY A 2,059 2,251 1, 659 1, 988 1, 949 1, 983 
/ AAA é $29, 737 $35, 871 $27,379 $33, 069 $32, 522 $32, 513 
Imports: Value $375 $640 $322 $496 $550 $233 
World: Crude magnesite: Production: 
A A oce eere ues 4, 670 5,650 6, 100 6, 700 7, 200 8, 600 


1 Includes crude ore, heavy-medium concentrate and flotation concentrate. 
2 All run-of-mine material. 
3 Pert estimated. most of the crude is processed by mining companies, and very little enters the open 
market. 

* Includes specialty magnesia of high unit value. 

§ Data not available, 


1 Commodity specialist, Division of Minerals, 
2 Research assistant, Division of Minerals. 
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THOUSAND SHORT TONS 
700 


[e] J LASS? Se Li -. » Se 2e LJ . r Se a D - . us 
1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 
Fiaure 1.—Domestic production of magnesia from ores and brines, 1951-61. 


DOMESTIC PRODUCTION 


Production of crude magnesite increased 21 percent above 1960. 
The quantity of crude olivine mined was more than double the 1960 
output. No brucite was mined during 1961. 

roduction of dead-burned dolomite, specified magnesias, magne- 
sium chloride, and magnesium trisilicate was slightly higher than in 
1960. Output of caustic-calcined magnesia increased 21 percent and 
refractory magnesia 18 percent. 

There was a 24-percent decrease in production of precipitated 
magnesium carbonate, and a small decrease in magnesium sulfate 
production. 


TABLE 2.—Mines and plants producing magnesite, brucite, and other magnesium 
compounds in the United States in 1961 


State and company Location of mine Products Raw materials 
or plant 
bama: 
Norton .. Hunterville. eet Seege Heavy magnesium oxide....| Magnesite. 
Tennessee Coal & Iron | Fairfleld Dead-burned dolomite Raw dolomite. 
Division, U.S. Steel 
Corp. 
California: 
Fibreboard Paper Prod- | Emeryville.......... Precipitated magnesium car-| Ben water, dolomite. 
ucts Corp. bonate. 
Mother Lode Rock In- | Western mine (near | Magnesite................... 
ustries, Inc Livermore). 
Industries Corp.| Moss Landing...... Caustic-calcined magnesia; | Sea water, dead- 


refractory magnesia; mag- burned dolomite, 
nesium droxide; mag- 

nesium oxide, extra-light, 

light, and heavy. 

DG AI Natividad...........! Dead-burned dolomite. ..... Raw dolomite, 
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TABLE 2.—Mines and plants producing magnesite, brucite, and other magnesium 
compounds in the United States in 1961— Continued 


Btate and company Location of mine Products 

or plant 
California—Continued 

Marine Magnesium Di- | South San Fran- Magnesium oxides, extra- 
vision, Merck & Co., cisco. light, light, and heavy; 
Inc. magnesium hydroxide; 

precipitated magnesium 
carbonate; magnesium tri- 
silicate. 

Philadelphia Quartz | Alameda County. Epsom salt. 
Co. of California. 

FMC Corp. (formerly | Newark............. Caustic-calcined magnesia; 
Westvaco Chem. refractory magnesia; mag- 
Div., Food Machin- nesium chloride crystals; 
ery "and Chemical magnesium hydroxide. 
Corp.) 

Delaware: 

E. I. du Pont de | New Castle......... Magnesium chloride 

Nemours & Co., Inc. 
Florida: 

Michigan Chemical | Port St. Joe Caustic-calcined magnesia; 

Corp. refractory magnesia. 
Illinois: 

a Coe Prod- | Waukegan.......... Precipitated magnesium car- 
ucts Co : 

Marblehead Lime Co...| Thornton........... Dead-burned dolomite...... 

Standard Lime & Ce- | LaGrange...........]..... A NE 
ment Co. 

Massachusetts: 
ge Nee England Lime Co. Adams 4 ꝗ 40 “d 
chigan 

The Dow Chemical Co. Ludington.......... Magnesium chloride crys- 
tals; magnesium chloride 
Lure magnesium hydrox- 

C7 iiaii Midland............ El ee salt, magnesium 
vdroxide, magnesium ox- 
ide. light. 

Harbison-Walker Re- | Ludington.......... Refractory magnesia........ 
fractories Co. 

Kaiser Industries Corp.| Midland............ Refractory magnesia; perl- 

clase 

Michigan Chemical | St. Louis... Precipitated magnesium car- 
Corp. bonate; magnesium hy- 

droxide; magnesium oxide, 
extra-light, light, and 
heavy. 

Morton Chemical Co...| Manistee............ Precipitated magnesium car- 
bonate; magnesium oxide, 
extra-light, light. 

Standard Lime & Ce- |..... S Refractory mag nesla 
ment Co 

Mississippi: 
H. K. Porter Co., Inc. Pascagoula..........|..... es Es A E 
ee JJ ͥ : Dead -burned dolomite 

Valley Dolomite Corp.] Bonne Terre. .......|..... 49%] 8 

evada: 

Basic, Ine. Gabbs.............. Brucite, magnesite, refrac- 
tory magnesia, caustic- 
calcined magnesia. 

Standard Slag Co.......|..... % A Magnesite, refractory mag- 
nesia,  caustic-calcined 
magnesia. 

New Jersey: 

J. T. Baker Chemical | Phillipsburg........ Magnestum chloride crys- 

Co. tals; epsom salt; other 
high purity magnesium 
chemicals, magnesium tri- 
silicate. 

North wert Magnesite | Cape May.......... Refractory magnesla........ 

New Me deo: 

International Minerals | Carlsbad............ Magnesium oxide, heavy.... 

& Chemical Corp. 
New York: 
Eise Magnesium chloride 


Carborundum Metals 
Co. 


Raw materials 


Sea water. seawater 
bitterns, dead- 
burned dolomite. 


Magnesite, brucite, 
calcined magnesia. 

Seawater bitterns, 
dead-burned dolo- 
mite, magnesite. 


Byproduct from re- 
ducing titanium 
tetrachloride with 
magnesium. 

Sea water, Oyster. 
shells. 

Dolomite. 

Raw dolomite. 

Do. 
Do. 


Well brines. 


Do. 


Magnesium hydrate, 
Moenesium hydroxe 


Well brines, dead- 
burned dolomite, 


Well brines. 
Do. 


Raw dolomite, sea 
water. 
Raw dolomite. 
Do. 


Magnes!teand brucite. 


Magnesite. 


Magnesium carbonate. 


Sea water, calcined do» 
lomite. 


Potash-reject brines. 


Byproduct from pro- 
ducing tirronium. 
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TABLE 2.—Mines and plants producing magnesite, brucite, and other magnesium 
compounds in the United States in 1961— Continued 


State and company Location of mine Products Raw materials 
or plant 
North Carolina: 
Balsam Gap Co......... A A AERE EE 
Harbison-Walker Re- | Addie mine (near |..... 947 
fractories Co. 
mean Mining Co., | Wray mine (near O MEER REPS EE 
e. 
Georgia Talc Co Spruce Pine 69)9J9J977‚fFͤöĩöV qu 
o: 
J. E. Baker Co.........| Millers ville Dead - burned dolomitoe Raw dolomite. 
Basic, Inc............... Maple Grove. do 22222 O. 
Dolite Co Olbson burg %%%»; ͤ EEN Do. 
Moores Lime Co........| Spring field J%«U 8 Do. 
Ohio Lime Co..........| Woodville...........[..... 999%... 8 Do. 
Standard Lime & Ce- 00% PA 9;;ͤ; . O Do. 
ment Co. 
U.S. Gypsum Co.......] Genoa...............|..... 9«ö‚ö»sÜOR¹̃ EE Do. 
Pennsylvania: 
J. E. Baker Co VOPR AAA E e SG Do. 
Philip Carey Mfg. Co Precipitated magnesium | Dolomite. 
carbonate; Magnesium ox- 
ide, extra-light and light. 
G. & W. H. Corson.....|..... Dead -burned dolomite Raw dolomite. 
eXAS: 
The Dow Chemical Co.] Freeport............ Magnesium chloride, caus- | Sea water. 


tic-calcined magnesia, 
magnesium hydroxide. 


ZS, J. Lavino & Co......]..... do . Refractory-grade periclase...| Magnesium hydroxide. 
Marblehead Lime Co... Dead-burned dolomite...... Raw dolomite. 
Washington: 
Agro Minerals, Inc.....| Tonasket............ Epsom salt. Lake brine. 
Northwest Magnesite | Chewelah........... Magnesite, caustic-calcined | Magnesite. 
Co. magnesia, refractory mag- 
nesia. 
Northwest Olivine Co..| Twin Sisters Ol Vines. pics 
quarry (near 
lear Lake). 
West Virginia: 
Carborundum Metals | Parkersburg.........| Magnesium chloride........ Byproduct from pro- 
Co. ducing zirconium. 
Standard Lime & Ce- do Refractory magnesia, dead - Dolomite. 
ment Co. burned dolomite. 


CONSUMPTION AND USES 


Consumption of crude magnesite, caustic-calcined and refractory 
magnesia, and magnesium hydroxide increased about 20 percent 
above 1960, and consumption of dead-burned dolomite and specified 
magnesias increased slightly. Use of brucite decreased about 25 
percent below 1960, and the consumption of precipitated magnesium 
carbonate, magnesium chloride, magnesium sulfate, and magnesium 
trisilicate declined. 

Greater quantities of high-purity magnesia used for making basic 
refractory brick and shapes for oxygen steel furnaces required increased 
consumption of magnesium hydroxide.* 

A new use for magnesium chloride was reported.‘ ¥ During cold 
weather copper ore cars were sprayed with magnesium chloride 
solution to prevent the ore from freezing in the cars, so that it did 
not have to be thawed when it was unloaded. 


3 Blast Furnace and Steel Plant. High Purity Magnesite. V. 50, No. 2, February 1962, p. 187. 
d Engineering and Mining Journal. agnesium Chloride Spray Prevents Frozen Ore Cars. V. 162, 
No. 4, April 1961, p. 104. 
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TABLE 3.—Magnesia sold or used by producers in the United States, by kinds 
and sources 


From well brines, raw 


From magnesite, 


brucite, and dolomite sea water, and sea- Total 
water bitterns ! 
Year and kind 
Short tons Value Short tons Value Short tons Value 
(thousands) (thousands) (thousands) 
1960 
Caustic-calcined.......... 20. 076 $902 45, 979 $3. 390 66, 055 $4, 292 
Refractory. 148. 404 7, 054 357, 507 23, 809 505, 911 30, 863 
oil 168. 480 7. 956 403. 486 27. 199 571. 966 35, 153 
1961: ¡MI ler A kee EN oe ee 
Caustic-calcined. ......... 22, 943 1, 069 57. 129 3, 935 80. 072 5, 004 
Refractory...............- 161, 332 7 750 437. 637 27, 658 508, 969 35, 408 
Total A A 184, 275 8, 819 494, 766 31, 593 679, 041 40, 412 


! Magnesia made from a combination of dolomite and sea water is included with that from sea water, 


TABLE 4.—Dead-burned dolomite sold in and imported into the United States 


Sales of domestic Imports ! 
product 
Year 
Short tons Value 
thousands) 
e (average). 2 251 SEH Ki 871 
77... DONE 27. 378 
1000 MM pO Ec ³ A ĩ ( RUP EUN 1, 987, 767 33, 069 
))))! A RU GS uae eque 1, 919, 260 32. 522 
AA c E E E 1, 982, 759 32, 513 


1 Dead-burned basic refractory material comprising chiefly magnesium and lime. 
2 Includes weight of immediate container. 


TABLE 5.—Specified magnesium compounds produced, sold, and used by 
producers in the United States 


Produ Used 
Year and product ! Plants |(short tons) (short tons) 
1960: 
Specified magnestas (basis, 100 percent 
MO), U.S. P. and technical: 
Extra-light and light 5 2, 4290 2488 | $1,426 |...........- 
E AAA Eos ec ix 3 21,705 | 17. 899 2,348 |............ 
ga EE EEN $6 24,194 | 20,385 | 3, 774222 
Precipitated magnesium carbonate...... 5 17, 524 11, 988 
Magnesium hydroxide, U.S.P. and 
technical (basis, 100 percent Mg(OH)s)- 5 319. 935 107, 473 
Magnesium chloride 7 160, 123 3144, 917 
1961: 
E magnesias (basis, 100 percent 
MgO), U.S. P. and technical: 
Extra-light and light. 5 2.351 | 2. 547 1.497 
(((( E E A 3 22.963 | 23, 544 2. 90122 
TOCA sie en IA 36 25, 314 Ge 
Precipitated magnesium carbonate...... 5 13, 232 10, 085 
agnesium hydroxide, U.S.P. and tech- 
nical basis, 100 percent Mg(OIa).... 5 382, 190 174, 912 
Magnesium chloride.. IA 7 164, 477 $ 148, 000 


1 In addition, magnesium phosphate, nitrate, sulfate, and trisilicate were produced. 


2 A plant producing m more 
8 Greater part used for Magnesium metal, 


han 1 grade is counted only once in arriving at total. 
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TABLE 6.—Domestic consumption of caustic-calcined magnesia by uses 


(Percent) 

Use 1957 1958 1960 1961 
Oxychloride and oxysulphate cement 30 50 49 47 33 
PRG OR ciate mA.. el 1 2 2 3 3 

Fertilizer- AA (!) (1) (1) 1 @) 
85-percent- MgO insulation 6 10 4 8 8 
EE 2 4 1 4 3 

FFII ³⁰ÜÄA ĩ⅛ kr (i) l (3) (1) ® 
Refrüctofié€ EE 29 1 1 9 27 
Chemical processing oo 2 2 3 1 
Uranium proces: Ine 2 A PANA 6 9 7 5 

Miscellaneous (including chemicals and paper in- 

A ³ĩðV my 32 26 32 23 20 
Total ges e ad ae 100 100 100 100 


1 Less than 1 percent. 
2 Less than 0.5 percent, 


TABLE 7.—Domestic consumption of U.8.P. and technical-grade magnesias by 
uses 


(Percent) 
Use 1061 

RAYON A ! — 8 17 
Rubber (filler and catalyst). 22 8 
Referee das aee aans 22 
;; ẽ 8 
Uranium processing 
III; ³⁰¹0ͤ (mr er ir UE 1 
Feil AAA 17 
Neoprene compounds 4 d A GE 
Oxychloride and oxysulphate cement 44 2 
Miscellaneous (including chemicals industry) 33 


percent, 


1 1 
2 Less than 0.5 percent. 


PRICES 


There were no changes in prices of magnesium compounds in 1961 
except for magnesium trisilicate, U.S.P. micronized powder, which 
increased from 65 cents to 80 cents a pound early in October. 


FOREIGN TRADE 


Imports.—Imports of caustic-calcined magnesia rose 8 percent in 
1961, but imports of refractory magnesia decreased more than 50 
percent below 1960. Imports of magnesium compounds not speci- 
cifically provided for increased 25 percent, but imports of other 
magnesium compounds decreased. 

Exports.—Exports of magnesite, magnesia, and manufactures 
(except refractories) were valued at $8.5 million, a 28-percent increase 
above 1960. 

Tariff.—The tariff on crude magnesite, based on the Geneva Agree- 
ment of 1947, remained at &. cent per pound, an ad valorem equiva- 
lent of 12.8 percent. Duty on dead-burned and grain magnesite and 


|: 05 n imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Ai’ ur au of Mines, from records of the U.S. Department of Commerce, Bureau of the Census. 
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periclase was *%e cent per pound, an ad valorem equivalent of 11.04 
percent; duty on caustic-calcined magnesia was 1; cent per pound, 
an ad valorem equivalent of 18.47 percent. Duty on magnesium 
oxide was 2% cents per pound, an ad valorem equivalent of 20.26 
percent. Duty on dead-burned dolomite was 15 percent ad valorem. 


TABLE 8.—U.8. imports for consumption of crude and processed magnesite, 


by countries 
1960 1961 
Country 
Short tons Value Short tons Value 
Crude magnesite 
Ann 21 $538 58 $2, 124 
ze EE 21 §38 58 2. 124 
Lump or ground caustio-calcined magnesia: 
urope: 
Aust © © OC ODO SOS PTESS © CSG SE GSSSSS*SEVOSSI®SSSOV2 qe €» 11, 451 378 13, 427 
Netherlands 1, 251 71. 534 839 48, 949 
IT emmmer wee 22 5, 660 8 2, 158 
KT AT TE 656 23, 494 331 11,813 
Totál APA A CREME 2,211 112, 139 1, 556 76. 347 
i E Cn AVR CR wER ERAN 1, 920 100, 955 2, 898 149, 772 
Grand oll. -d 4. 131 213. 094 4. 454 226, 119 
SSS —— — — — 
Dead - burned and grain magnesia and periclase: 
North America: Canada 678 108, 098 685 255, 515 
South America: Brazil 55 2,400 EE EE 
Kl El rr 
Europe: 
AUSLTB EE 48,670 | 3,339, 345 23, 404 1, 636, 183 
Crechoslovak ia 17 TTS PA A 
Germany, West. e rere e eee eee cns 1 2, 801 Fee BE 
(OT EE 26, 834 | 2,106, 941 12, 117 873, 829 
e nro ana 6, 633 ; ER 
A AMA A 1 Til AECA ARA 
Yugosla AAA EDT eM RR RT 28, 939 1, 427, 420 15, 713 845, 536 
0 1113. 895 | ! 7, 465, 497 51. 324 3, 355, 548 
Grand tell... 1114, 628 | 1 7, 575, 695 52, 009 8, 611, 063 
1 Adjusted by Bureau of Mines. 


Source: Bureau of the Census, 


TABLE 9.—U.8. imports for consumption of magnesium compounds 


Oxide or Magnesium | Magnesium Magnesium Magnesium | Manufao- 


calcined carbonate chloride sulfate salts and tures of 
magnesia precipitated | (anhydrous | (epsom salt) compounds, | carbonate 
Year and n. p.ſ.) n. p. I. 1 of magnesia 


Short] Value Short] Value [Short Value | Short | Value [Short] Value [Short Value 
tons tons tons tons tons tons 


1962-56 

(average)...- 6412 21.587 236/31 $41,801; 229| 28. 710 8. 741 $204,883) 489)? $68,869 8 
1957....-------- 412| 152.395| 307] 69.638)  431| 11.778| 10.570| 248. 9488 839) 33.867 23 
1958.........--- 355 119,012) 326| 66,174) 68 28,038| 9. 008] 238, 236) 1. 202] 52.814 1 
1889080 273| 71. 488 351] . 721 949 28.114) 12. 350 302.036, 1. 925 66. 1 
Y 266| 65. 973  346| 83.737| 1,174| 53.920, 10,121) 240.661, 3,036| 94, 267 28 
1961........-.-- 248| 61,208| 342| 73,602) 1,012| 31,375| 10,031| 231,022| 3,790| 117,393 6 


1 Includes magnesium silicofluoride or fluosilicate and calcined magnesia. 
2 Data known to be not comparable with other years. 
3 Revised figure, 


Source: Bureau of the Census. 
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TABLE 10.—U.8. exports of magnesite and magnesia, by countries 


Magnesite and 
magnesia (except 


Magnesite and magnesia, dead-burned dead-burned) and 


Destination 


tons tons 
North America: 
Canaldi iris 11, 638 $985, 257 12, 362 | $1, 153, 317 
III! EN ͥ² EE, AS AA 
RICO. ceca A A CREE 7, 090 566, s85 7, 088 478, 421 
Other ³o·wdAꝛ ⁵⅛˙ m e ele 12 2, 730 
TOG NEE 18,740 | 1, 554, 852 19. 455 | 1,632, 447 
Bouth America: 
Areentlng cec acce ec eee e ee 139 12, 959 75 12, 907 
e . 1 732 10 6. 063 
F A E 158 10, 901 218 15. 57 
a EE, A A 990 £0, 732 
r /ẽͥ¾˙ ½⅛Ü ũ; d:... A AA ĩð2³ A 
732323 A deceased 10 1. 434 1 616 
Total............- 8 308 26, 026 1, 204 115, 888 
Europe: 
Denmark ð ð ĩ Gen Seet Se 56 38, 950 51 21. 861 
A EE 83 24, 943 200 70, 018 
Germany, West....... 5 1. 318 179, 835 6, 434 439, 587 
FINGAL 1, 727 PL AA , ß 
Ital 7 rs oía 87 19, 604 97 N 
IELI EE, 8 Ee 5 2, 230 
8weden...... 5 3 25 16. 618 21 13, 365 
BWItZerl and 6 4. 507 12 8, 454 
United Kingdom........ „ 5, 707 399. 547 41,989 | 2,859, 739 
Mlle. . 36 12, 165 431 43, 870 
e A AAA 9, 045 817, 108 49, 240 | 3, 189. 128 
Asia: 
„ . iam WAS de 50 Boek EE accu 
P ³·³ͤAA—A 63,676 | 3, 430, 074 62,258 | 2, 927, 261 
Korea, Republic of. 2 AA cece worse 
FFF ˙ 149 21:350 Ee, ß 
Philippines........................- 30 / AA mace 
Other o·w-w-r ORUM ES 777... 8 4 1, 286 
Otel BEE EE 63,907 | 3, 459, 849 52, 262 | 2, 928, 547 
Africa: 
Congo, Republic of the, and 
Rihanna A A AS IAS 


Minh A AA AA EE 


Rhodesia and Nyasaland, Federa- 


̃³˙).Tl.... E E EE, mh 8 
Union of South Africa. -............ 18 11, 425 48 27, 394 
6, O A AAA PRA UA 
A 18 11, 425 46 27,394 | 113, 413 
Oceania: E 
Australia... 222 8 149 103, 837 325 80, 072 1, 843 
New Zealand. ene 20 14, 749 19 14, 230 434 
Total S EE 109 118, 586 344 94, 302 2, 277 
Grand total...... VE eg 92,187 | 6,087,846 | 122, 641 7, 987, 704 | 686, 208 


1 Belgian Congo before July 1, 1900. 
Bourcei Bureau of the Census, 


MAGNESIUM COMPOUNDS 855 


WORLD REVIEW 


Output of crude magnesite rose in nearly all producing countries, 
resulting in a world increase of 19 percent above 1960. The U.S.S.R. 
was the leading producer; Austria ranked second; China, third; and 
the United States, fourth. 


EUROPE 
Austria.—Exports of refractory magnesia and magnesite brick 
increased approximately 10 percent above 1960. e principal 


markets were France and West Germany. 


TABLE 11.—World production of magnesite by countries !? 


(Sbort tons) 
Country ! 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: United States. 504, 114 678, 489 492, 982 594, 307 498, 528 603, 656 
Total ! A 840, 000 970, 000 740, 000 890, 000 810, 000 890, 000 
South America: Brazil............... 3 11, 000 3 11,000 53, 116 53, 378 69, 793 3 66, 000 
Europe: 
Auris 085, 370 | 1. 292. 567 | 1,346,023 | 1,324,106 | 1,791,701 | 1, 982. 704 
Büga is esu ERR sens 102, 338 | 3 155,000 3 165,000 | 3165, 000 3 165,000 | 3165, 000 
Czechoslovakia (*) (9 ($) 3 440,000 | 3470,000 | 8 550, 000 
Greece. ʒʒꝛ x. 91,027 52, 392 97,742 123, 566 | 3193,000 | 3220, 000 
NA 3, 344 8, 512 6, 500 7, 562 6, 584 7, 478 
Norns ¡E ²˙ ..“! ³¹wq A A estela dea RE. 
e cee 25, 148 18,80 15, 432 18, 188 23, 920 3 30, 000 
Span EE 23. 966 40, 454 38, 442 44, 569 53, 239 3 55, 000 
.S. S. R 22 35 (9 (4) (4 (4) (4) 32, 750, 000 
Yugoslavia......................- 141, 343 233, 983 246, 032 269, 851 277, 613 301, 002 
oel 3, 250, 000 | 3, 750, 000 | 3,900,000 | 4,050,000 | 4,650, 000 | 6,050, 000 
Asia: 
rr A (4) (4) (4) (4) (4) 31, 100, 000 
o O cc ecacsietaceodwee 89, 940 99, 552 114, 900 174, 129 172, 332 231, 485 
Korea, Republic of. II E, E, A RA 
Pakistan Ze ³ AA OL 24 DEE 443 486 180 
TU EE 696 1, 439 và ka EES) 17 2, 414 
Total 470, 000 780, 000 | 1, 270, 000 | 1,550,000 | 1,550,000 | 1,390, 000 
Africa: 
E AA ca dn nC 117 551 8, 145 33 1, 030 
Rhodesia and Nyasaland, Feder- 
ation of: Southern Rhodesia... 10,182 2910 A AAA 8, 031 13, 880 
Tanganyika (exports)..........-- 158 284 337 118 126 46 
Union of South Africa 26, 446 35, 414 80, 200 58, 883 66, 793 67, 732 
Fell. 36, 786 38, 725 81, 088 62, 146 74, 983 83, 588 
Oceania: 
Australla 222 50, 906 , 490 77. 718 67, 856 69, 626 106, 234 
New Zealand 657 675 1,344 AAA 8yl 3 880 
TOU) dee 57, 563 94, 165 78, 062 67, 8^6 70, 517 107,114 
World total (estimate) ! 3...... 4, 670, 000 | 5, 650, 000 | 6, 100, 000 | 6, 700, 000 | 7, 200, 000 | 8, 600, 000 


1 Quantities in this table represent crude magnesite mined. Magnesite is also produced in Canada, Mer- 
5 AM 1 but data on tonnage of output are not available; estimates by senior author of chapter 

clude total, 

2 This table Incorporates some revisions, Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Estimate, 

4 Data not available; estimate by senior author of chapter included in total. 


Oompiled by Liela 8. Price, Division of Foreign Activities, 
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TABLE 10.—U.8. exports of magnesite and magnesia, by countries 


Magnesite and 
M d ja, dead-burned dead Burde a 
agnesite and magnesia, dead-burn 
— — 
n. e. c. 
Destination ee oe er ah — 
1960 1961 1960 1961 
Short Value Short Value Value | Value 
tons tons 
North America: ` 
ei AAA 11,638 | $985,257 | 12,362 | $1,153,317 | $247,242 | $151" 
A EAN Kd ͤ⁰⁰ d ⁵˙ Vw ̃ ͤ KK 4, 300 pr 
CCC A ATACA SO 7, 090 865 7, 088 478, 421 | 24,453 N. 
CI E ee 12 2, 730 27, 006 12 í 
C 18,740 | 1,554,852 | 19,455 | 1,632,447 | 303, 0% 2000 — 
— | b ————— 22 
— d 39 2, 959 907 17, 303 
c 1 12, 95 75 12, e 
CT Eege) 1 732 10 6,063 | 25,510 | Le , 
e eebe 158 10, 901 218 15, 570 3,871. | . BL: 
w.... . ů̃ ˙ PESO ˙ 990 80, 732 4,816) 10 
A A O EE, ae Ce OS O 30,505 | 2% 
dee EE, SAA NAAA 10 1, 434 1 616 7,417 LE 
(oo EEN 294 
Europe: 
1 
Pw enden 
. 
„ K eee 
ooo ERA RAS EAS 
— AAA — A des PIE TR UR 
(0r AI o da : 
r y 
SKI EW A DA 
— — — 
Asia: 
"Fees ee Kee, PRESS ti 
Korea, Hepiblle ci... 
Phil AN , — 
den RETE — Oo 
al. bodies 
Africa: 
Congo, 
Ruanda- 


Mozam n ap ———— 
n and Nyasaland, Federa- 
on of -———— mm mm mm me ——— — 2 —-— 


—— of South Africa 


— .b — nn. eC ee 


Total «enn eee 


TT a 
Grand total... 


! Belgian Congo before 
Source: Bureau of the Cei 
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Greece.—A list of the magnesite producers with a description of the 
facilities was published, showing that one was a subsidiary of a com- 
pany in the United States.“ 

Hungary.—A large deposit of dolomite, mined in northern Hungary, 
near Ujmassa, was expected to supply most of the domestic require- 
ments for basic refractories, enabling users to reduce imports of the 
materials.’ 

Italy.— Plans were announced for erection at St. Antioco, Sardinia, 
of Italy’s first plant to extract magnesium oxide from sea water.® 


TABLE 12.—Austria: Exports of magnesia and magnesite brick by countries ! 


(Short tons) 
Magnesia 
Magnesite brick 
Destination Caustic-calcined Refractory 
1960 1961 1960 1961 1960 1961 
North America: United States 326 402 57, 034 40, 328 83 2 
South America: 
o MA Ee 11 44 2, 082 1, 853 2,359 2. ^00 
Eegeregie 13 UAE 61 549 L 470 
Fr 8 5 526 060 L 333 
enges. 73 88 94 615 130 239 
urope: 
Belglum- Luxembourg ——— 174 214 1, 542 1, 958 432 6, 006 
a PA PA 8 30 43 131 548 
Czechoslovakia. 5, 526 /// K 1. 351 98 
Denman 8 1 2 461 767 3, 437 
alt oes oe Se A 8 459 433 2.010 2, 562 
Il EE 2. 875 3, 186 10. 072 1.225 657 29. 199 
Germany, West 2. ll... 89, 055 88, 421 66. 010 76, 876 35. 833 82, 491 
o A ... A daas cte 168 204 1, 462 1, 218 
, sedie ba ne 1, 533 1, 753 6. 583 13, 584 22 20 
May Lomas deum eni A ee essen estes 4, 427 4, 738 22, 615 35, 606 10, 351 10, 740 
Netherlands 37 87 174 208 2, 190 1, 268 
Nh EE 85 387 680 1, 847 3, 167 
FSS DEE 88 5, 512 12. 737 2, 076 3, 670 
Ertrag a 39 19 1 1, 731 598 3, 541 
Rinn; y A 16 223 1, 968 2, 319 
sli MR o 35 265 112 3, 724 908 
„„ 117 164 1, 328 1, 351 10, 018 10. 257 
Switzerland 2, 254 2, 998 489 675 1, 395 1, 814 
United Kingdom..................... 3 19 54, 813 6A, 339 10, 980 9, 956 
.... EEE O PAR 20 107 198 930 
1 8 440 1, 658 
STEE, yd oe ot e 16 
Korea, Republic of 712 122 14 
(TE, AN 8 1 80 2, 055 1, 499 
Africa: 
Union of South Africa 610 41 607 648 
United Arab Republic (Egypt) 216 5 594 73 
Oceania: Australla UDP A ...].......... 4,074 1, 182 6.016 9, 352 
Other eounptz leg. o. 61 83 467 654 8, 630 8, 607 
U e uscoeshcize ctas 106,657 | 106,953 | 237,599 | 262,221 | 139,886 151, 359 


1 This table incorporates some revisions. 
Compiled from Customs Returns of Austria by Corra A. Barry, Division of Foreign Activities. 


* Bureau of Mines. Mineral Trade Notes. V. 53, No. 6, December 1961, pp. 28-31. 
Y Refractories Journal. New Dolomite Mine. No. 8, August 1961, p: ; 
$ Chemical Age (London). Magnesium Oxide Plant in Sardinia. V. 86, No. 2208, Nov. 4, 1961, p. 721. 
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TABLE 13.—Greece: Exports of magnesite and calcined magnesia by countries 
(Short tons) 


Crude magnesite | Calcined magnesia 


Destination 


OOO OS OO ene en OS OOO SOF SSS 2 — 2 em e SOOT d mp op ré em mm d er e —Uñäꝓję 2 — 4 — es en gp ap ep e ep 


IS AAA AAA A loeceweecee 
A EE AE A ð 
Other countries 


Compiled from Customs Returns of Greece by Corra A. Barry, Division of Foreign Activitios. 


TABLE 14.—Netherlands: Exports of refractory magnesia, by countries 


(Short tons) 

Destination 1960 1961 
Belgium-Luxembourgggeeeeeuᷣ madd 728 1,012 
Fl: ͤAꝑͥ ] ͤpe. EE EES 503 556 
Germany, West. iuro EE 5. 257 7. 180 
Ahe ð IN 8 12. 349 18, 067 

TOW BEE EE 18, 837 26, 815 


Compiled from Customs Returns of the Netherlands by Corra A. Barry, Division of Foreign Activities. 


ASIA 


India.—Preliminary investigations of magnesite deposits in the 
Pungar and Lahore Valleys of Almora disclosed potentially large 
resources.” The increase in production of magnesite in India re- 
flected the expanding development of the refractory industry, begun 
early in 1961.'° 

Israel.—Plans were started by Dead Sea Works, Ltd., to build a 
72,000-ton magnesia plant at Sodom. During 1961, the pilot plant 
produced 1 ton a day from the Dead Sea." 

Japan.—Hokuriku Salt Company's US$4 Million plant at Kourbi 
City began producing magnesium hydroxide, magnesium bicarbonate, 
and other chemicals from sea water.“ 


® Mining Journal (London). Mining Miscellany. V. 257, No. 6578, Sept. 15, 1961, p. 267. 
10 Mining Journal (London). Expansion of India’s Refractory Industry. V. 256, No. 6553, Mar. 24, 1961, 


pp. 323, 325. 

11 Chemical Trade Journal and Chemical Engineer (London). Magnesite from Dead Sea Works. V. 
149, No. 3879, Oct. 6, 1961, p. 758. 

12 Chemical Engineering. Chementator. V. 68, No. 5, Mar. 6, 1961, p. 54. 

Chemical Week. Chemicals/Japan. V. 88, No. 5, Feb. 4, 1961, p. 25. 
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OCEANIA 


Australia. Howe Sound Co., Philadelphia, Pa., purchased and 
began working a magnesite deposit in Western Australia. Some of 
the raw ore was sold as mined, and some was crushed. Plans were 
underway to install a furnace for calcining the ore.“ 


TECHNOLOGY 


Most of the research conducted in 1961 on magnesium compounds 
related to magnesium oxide. However, some investigations were 
reported on production and use of olivine. Improved techniques and 
equipment were developed for producing olivine foundry sand.“ 

Techniques were developed for producing magnesium oxide crystals 
to specified quality and sizes up to three-fourths inch, for use in 
electronics applications.!* Biya 

Studies of magnesium oxide single crystals were continued at the 
University of California, Berkeley, Calif., to develop new ductile 
ceramic material for application in high temperature areas of space 
vehicles and nuclear units.!“ . 

A new ceramic material, translucent magnesium oxide, with tensile 
strength of 45,000 pounds per square inch, was developed for use in 
heat exchangers and for electrical insulation at high temperature.” 
The melting point of this ceramic was 5,100° F. 

The formation of single-crystal magnesia whiskers during compres- 
sive deformation of single crystals at room temperatures was de- 
scribed. These whiskers could be bent at room temperature, and 
tests showed that the strength of a number of them was as high as 
3,500,000 psi. 

A new induction furnace was built that readily permitted deter- 
mination of melting points and basic phase studies of materials in 
controlled atmospheres.? The melting point of magnesium oxide 
was redetermined to be 2,825° C., rather than 2,784° C. determined 
by Kanolt in 1913. 

A quenching technique was dE ne to investigate phase relations 
in liquidus temperature regions of the system magnesium oxide-iron 
oxide.” More complete fundamental data on this system should 
help to solve refractories problems in steel plants. 

jd improved process was developed for producing magnesia re- 
fractory material that was 98 percent MgoO. Brick made from the 
material withstood temperatures above 4,000? F., 800? F. above the 
limit for standard basic brick. 

u American Metal Market. Howe Sound Buys Australian Mine. V. 68, No. 235, Dec. 8, 1961, p. 18. 
„% McMillan, W. D. New Sand Practices Produce Five-Way Profits. Mod. Castings, v. 39, No. 2, 
February 1961, pp. 33-35. 
ae merlan Metal Markot. Firm Develops Technique for Oxide Crystals. V. 68, No. 230, Dec. 1, 
"a Chemical 4 Engineering News. U.C. Work Gives Clues to Ductile Ceramics. V. 39, No. 9, Feb. 
e Strong New Ceramic Combines Purity, Density. V. 77, No. 2, August 1961, p. 31. 
18 Hulse, Charles O. Formation and Strength of Magnesia Whiskers. J. Am. Ceram. Soc., v. No. 
11. November 1901, pp. 572-575. 
19 McNally, R. N., and others. Laboratory Furnace for Studies in Controlled Atmospheres; Melting 
Points of MzO in a N Atmosphere and of Cr303 in Na and in Air Atmospheres. J. Am. Ceram. Boc., v. 
No. 10, Octoher 1961, pp. 491-493. 
Phillips, Bert, and others, Melting Relations of Magnesium Oxide-Iron Oxide Mixtures in Air. J. 


Am. Ceram. Soc., v. 44, No. 4, Ap-t] 1961, pp. 167-169. 
a toll AEN: New High-Density Refractory Takes Higher Temperatures. V, 188, No. 20, Nov. 16, 1961, 
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The effects of some processing ractices in manufacturing basic 
brick were investigated. The study showed the critical relation be- 
tween the physical and mechanical properties of basic brick and the 
total water content, bond content, ratio of chemical bond to total 
water content, and pressing pressure used in making the brick. 

A method was introduced for forming large refractory blocks, each 
of which would replace as many as 300 conventional lining bricks in a 
steel-making furnace. The blocks were in use in open hearths in 
Europe in 1961. 

Techniques for studying the grain size and mineralogical phases of 
dolomite, magnesite, and chrome-magnesite refractory materials were 
described.“ The investigation included studies of the raw materials 
as well as changes that occurred in the refractories during service in 
steel furnaces. 

Improvements were developed for slip- casting magnesia to form 
items such as crucibles. The variables of slip density and temper- 
ature were discussed, and examples were given of designs of molds for 
casting specialized, complicated shapes. 

Improved techniques were developed for preparing and installing 
basic refractories for glass furnaces.” Specifications were given for 
refractories in each area of the furnaces. Studies were made of serv- 
ice records of basic refractory brick in a glass furnace over a 2-year 
period, and comparisons were given of brick composed of 89 and 95 
percent MgO periclase, forsterite, and magnesite-chrome.” 

Properties of refractory materials were studied to evaluate the ma- 
terials that would be satisfactory for use as containers for uranium 
tetrafluoride.* Magnesia-alumina spinel was found to be the most 
satisfactory refractory material for use in uranium reduction systems. 

An improved magnesia material was developed for insulating hot- 
water pipes.” 


3 Eusner, G. R., and D. H. Hubble. Effects of Some Processing Variables in Basic-Brick Manufacture 
Am. Ceram. Boa, Bull., v. 40, No. 11, November 1961, pp. 698-701. 

3 Steel. Up to 300 Bricks Nudged Aside by Refractory Block. v. 149, No. 21, Nov. 20, 1961, p. 98. 

M Andrews, K. W. Researches on the Constitution of Steelworks Refractories. Refractories J. (Lon- 
don), y. 37, No. 3, March 1961, pp. 66-77. 

$ iteway, 8. G., and others. Slip Casting Magnesia. Am. Ceram. Soc. Bull., v. 40, No. 7, July 1961, 
pp. 132-438. 

S Fabianie, W. L. Basic Refractories in the Tank. Ceram. Ind., v. 76, No. 3, March 1961, pp. 62-64, 


1 Van Dreser, M. L., and R. H. Cook. Deterioration of Basio Refractories in a Glass Regenerator. Am. 
Ceram. Soc. Bull., v. 40, No. 2, February 1961, pp. 68-73. 

Arenberg, C. Arne, and others. Refractories for Uranium Reduction. Am. Ceram. Soc. Bull., v. 40, 
No. Ma7 I 1961, pp. 304-308. 
9 New tist (London). Improved Magnesia Insulation. V. 9, No. 227, Mar. 23, 1961, p. 751. 
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Manganese 
By Gilbert L. DeHuff! and Teresa Fratta * 


A 


HE last Government contract for purchase of domestic manganese 
Tore came to an end when the Manganese, Inc., operation closed at 

Henderson, Nev. This lack of Government support was reflected 
in total 1961 domestic production of only 46,000 short tons—ore, con- 
centrate, and nodules containing 35 percent or more manganese. 
Both domestic consumption and imports were lower than for es re- 
ceding year, while industrial ore stocks remained high—214 million 
tons at the end of the year, compared with 214 million tons at the end 
of 1960. Growing competition from imported ferromanganese and 
manganese metal faced domestic producers of these items. 
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FIGURE 1.—General imports and domestic production (shipments) 
of manganese ore, 1910-61. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Financial assistance for exploration of domestic manganese deposits 
continued to be offered by the Office of Minerals Exploration (OME) 
to the extent of 50 percent of approved exploration costs. 


1Commodity specialist, Division of Minerals. 
*Statistical assistant, Division of Minerals. 
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Both manganese ore and ferromanganese continued to be acquired 
for the Government’s supplemental stockpile in exchange for surplus 
U.S. agricultural products under the barter program of Commodity 
Credit Corporation, U.S. Department of Agriculture. The Govern- 
ment’s various stocks of manganese items are shown under Consump- 
tion, Uses, and Stocks. 

National Stockpile Specifications were issued for Silicomanganese 
a May 17, 1961), and for Ferromanganese, Low- and Medium- 

arbon (P-108, May 16, 1961). Revisions of existing specifications 
were issued for Ferromanganese, Standard High-Carbon (P-ZOa-R2, 
July 26, 1961); Manganese Metal, Electrolytic (P-98-R2, May 17, 
1; and Manganese Dioxide, Battery Grade (P-29-R3, June 16, 
1961). 


TABLE 1.—Salient manganese statistics in the United States 


1952-56 1957 1958 1959 1960 1961 
(average) 
EI Ea ore (35 percent or more 
n): 
Production (shipments): ! 
Metallurgical....short tons..| 209, 834 364, 227 327, 309 223, 164 70, 905 30, 246 
Battery. do 12, 361 2, 107 (1) 6, 011 9, 116 6, 832 
Miscellaneous „ /c! AAA y. TE S 10 
Total 111. 0... 366, 334 327, 309 229, 199 80, 021 46, 088 
Value.........thousands..] $16,910 $29, 363 , 637 $17, 904 $5, 352 $3, 264 
Imports, general..... short tons..| 2, 530, 447 | 3,105,172 | 2, 452, 578 | 2, 397, 804 |82, 643, 841 | 2, 098, 438 
Consumption do....| 2,023, 872 | 2, 361, 460 | 1, 497, 574 | 1, 606, 507 | 1, 946, 389 | 1, 717, 808 
Manganiferous ore (5 to 35 percent 
n): 
Production (shipments)!...do....| 879,805 865, 127 520, 601 470, 600 658, 455 226, 004 
Value thousands. $4, 851 $5, 413 $3, 532 $3, 153 $4. 466 $1, 480 
Ferromanganese: 
Production short tons..| 835, 593 063, 814 634, 736 629, 307 842, 818 732, 813 
Imports for consumption..do.... 94, 542 338, 079 63, 932 90, 062 120, 222 221, 936 
o WEE do.... 1, 667 7, 395 1, 406 947 751 469 
Consumption do....| 864,960 935, 725 674, 495 755, 229 800, 430 778, 003 


1 Shipments are used as the measure of manganese production for compiling U.8. mineral-production 
value. They are taken at the point that the material is considered to be in marketable form to the 
consumer. 

3 Battery ore included in metallurgical. 

8 Revised figure. 


DOMESTIC PRODUCTION 


Except for some commercial shipments of manganese concentrate 
produced in Arizona from stocked mill tailings, virtually all manga- 
nese ore produced in the United States in 1961, other than battery ore, 
Ee of nodules from Nevada and Montana. The Nevada supply 
ended in July when Manganese, Inc., at Henderson closed; the plant 
later was sold at auction. Cessation of these Nevada shipments com- 
pleted the only remaining Government contract for purchase of do- 
mestic manganese ore. The Anaconda Company at Butte, Mont., did 
not operate the Emma mine during the year; its nodules were pro- 
duced from stockpiled Emma carbonate ore. Taylor-Knapp Co. and 
Trout Mining Co. coordinated activities in producing natural battery- 

de concentrate and miscellaneous concentrate at Philipsburg, 
ont. Manganese Chemicals Corp. continued to use the ammonium 
carbamate leach process to produce synthetic battery ore and synthetic 
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miscellaneous ore (high-purity manganese carbonate) from Cuyuna 
manganiferous ores and tailings. 

Low-grade manganese ores, containing 10 to 35 percent manganese, 
were shipped from Georgia, Minnesota, Montana, and New Mexico. 
Manganiferous iron ore, containing 5 to 10 percent manganese, was 
shipped from Michigan and Minnesota. Total shipments of manga- 
niferous ores, containing 5 to 35 percent manganese, were only 225,000 
short tons, a decrease of 66 percent from 1960 and the lowest since 
1933. 


TABLE 2.—Metallurgical manganese ore, ferruginous manganese ore, and 
manganiferous iron ore,“ shipped in the United States, by States 


(Short tons, gross weight) 


Manganif- Metal- - 
erous iron | lurgical ginous 
ore manganese | manganese 
ore re 


— — — — E EH 
e ep ee ae ege „„ „% „% „% „% „ „% „„ rara „„ „„ „%%% „„ , Ieeeee ege seg o leeeegeseeegeeel |i „% ðͤ Ieeeeee ees o ge 
Seat — 2 9 2 — eege e eege gem e e , eege e eeedeleeageaeedgrag gr age 


— wm gé ep een „ „ „„ „„ X. JwXBNMV | — NV /  lLeeeeeeeeeeeeleeeeaeeeegeeeeleeeeeeeeggeeeleeeeeeeeeagg 


3 Containing 35 percent or more manganese (natural) 
2 Contoining 10 to 35 percent manganese (natural). 
8 Containing 5 to 10 percent manganese (natural). 
510 eu withheld to avoid disclosing individual company confidentia] data, included with “Undis- 
u VE 
5 Data are for manganese ore (concentrate) (containing moro than 35 percent manganese) produced from 
Mock ri tailings. 


CONSUMPTION, USES, AND STOCKS 


Consumption of manganese ore decreased 12 percent from 1960, 
with domestic sources continuing to supply only 1 percent of the total. 
Industrial ore stocks declined, Du were still high with 2%-million 
short tons at yearend. 

In the production of steel ingots, consumption of manganese as fer- 
roalloys, metal and direct dlia zed ore per short ton of open-hearth, 

mer, basic oxygen process, and electric steel produced was 13.4 
pounds, compared with 13.3 pounds in 1960. Of the 13.4 pounds, 11.7 
pounds was ferromanganese; 1.3 pound, silicomanganese; 0.1 pound, 
spiegeleisen, and 0.3 pound, manganese metal. 

Stocks of the various manganese items in Government inventories, 
as of December 31, 1961, are presented in table 6; industrial stocks of 
manganese ore, in table 4; and industrial stocks of manganese ferro- 
alloys and manganese metal, in table 5. 
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Electrolytic Manganese and Manganese Metal.—The total metal con- 
sumed in 1961 was 16,000 short tons, the same as in 1960, and virtually 
all was electrolytic manganese metal. Foote Mineral Co. and Union 
Carbide Metals Co, were the only two domestic producers of electro- 
lytic metal. American Potash & Chemical Corp. proceeded with con- 
struction of its Aberdeen, Miss. plant, but Foote Mineral Co. deferred 
building the new plant it had planned for New Johnsonville, Tenn. 


TABLE 3.—Manganese and manganiferous ore shipped’ in the United States 
in 1961, by States 


Short tons 
Type and State Value 
(thousands) 
Gross Mancanese 
weight coutent 
Manranese ore’ 
Aol ðAA. ³ ³ͥ 17. 515 $1, 412 
A TEE N. 573 1, 852 
Total 2 ĩͤ 46. 088 : 3. 264 
Manganiferous ore: 
Ferruginou: manganese ore:? 
Minne s gs 91. 560 : (0 
A AAA L 2, 236 33 
Arizona, Georgia and New Mexico § 23, 850 ; 169 
po PA ³è d y EE 117, 646 ? (4) 
Manganſſerou: fron ore: 
rr EEN 17, 083 (0 
Er TI da 90, 275 (4) 
% ²˙ ..... E 8 107. 358 16) 
Total manganifcrous ore e E eee 225, 004 1, 480 


1 Shipments nre used as the measure of manganese production for compiling U.8. mineral-production 
value. Thes are taken at the point where the material Is considered to be in marketable form to the con- 
sumer. Besides direct-shipping ore, they include, without duplication, concentrate and nodules made 
froin domestic ores, 

2 Containing 35 percent or more mancaneso (natural). All metallurgical except that shipped from Mon- 
tana, which includes 6,832 short tons of battery ore (concentrate), containing 2,769 tons of mancanese, and 
10 short tons cf miscellancous ore (concentrate) containing 4 tons of manvanese Does not include produc- 
tion of synthetic battery ore and synthetic miscellaneous ore in Minnesota. Instead, the low-grade Minne- 
sota of and tailing used to make these items are included under ferruginous manganese, ore, and manganif- 
erous iron ore. 

3 Containing 10 to 35 percent manganese (natural). 

$ Included in total. 

® Arizona data are for manganese ore (concentrate) (containing more than 35 percent manganese) pro- 
duced froin stocked tailings. All Georgia manraniferous ore was miscellaneous. 

6 Containing 5 to 10 percent manganese (natural). 


Ferromanganese.—U.S. production of ferromanganese was by 18 
plants of 11 companies. Montana Ferro-Alloys Co., Woodstock 
Tenn., and the Graham, W. Va., plant of Vanadium Corporation of 
America became producers during the year. Plants that produced in 
1960 but did not produce in 1961 were Pittsburgh Metallurgical Co., 
Charleston, S.C.; Union Carbide Metals Co., Niagara F alls N. V.; 
Vanadium Corporation of America, Cambridge, Ohio, and Niagara 
Falls, N.Y. The quantity of ferromanganese made in blast furnaces 
was twice that made in electric furnaces, Shipments of ferroman- 
ganese totaled 757,000 short tons, valued at $159 million, compared 
with 782,000 tons, valued at $166 million in 1960. 
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TABLE 4.—Consumption and stocks of manganese ore in the United States 


(Short tons, gross weight) 
Consumption Stocks Dec. 
31, 1961 3 
Use and ore source (including 
1960 1961 bonded 
warehouses) 
Manganese alloys and manganese metal: 
DOMESTICO ] x?i;( K:[ꝙn 17, 844 9, 446 265 
Fenn EE 1, 828, 728 1, 877, 519 2, 166, 888 
Total- A IR SL A oes 1, 846, 572 1, 586, 965 2, 167, 153 
kasel — — — ͤ —ê — — 
Steel ingots: 
Por ↄ H q́p ð d y AA IN ee c au 
S ĩ ² ˙· A. ³ ³ A ⁵ĩ EE 697 1, 047 204 
Total: EE 697 1, 047 
Steel castings: 
Dent ] ðw»m.-.-.- AAA d E, EEN 
Foreith e ³ y A HE 180 61 284 
i d 180 61 284 
—— — — el _ —2 
Pig iron: 
ones ] a id 
TR, EE 9, 961 5, 755 
Toll. A ezsds nz OQ. Quis 9, 961 5,755 
—̃ — — ———— — 1 —— ͤ — 
cells: 
e ie )7)7)7)G;ö»ö‚;n!t!!!!!!!.!.! ccs ese meee 4, 567 376 
Foreign OF EE 23,7 12, 964 
Total cc aa 28, 301 13, 340 
Chemicals and miscellaneous: 
Domes A 5. 991 504 
Foren ee 8 85, 479 83, 177 
S oss eee EE 65, 920 91,470 33, 681 
oo El E 
Grand totals: 
Domestic . ds 29, 080 20, 004 1, 145 
ie os chee ee cece ccdeeedsnsS. 1, 917, 209 1, 697, 801 2, 219, 362 
„ P A edle 1, 946, 389 1,717,805 3 2, 220, 507 


! Containing 35 percent or more manganese (natural). 
? Excluding Government stocks. 
3 Excludes small tonnages of dealers’ stocks. 


Silicomanganese.—Production of silicomanganese in the United 
States was 120,000 short tons, compared with 101,000 tons in 1960. 
Shipments from furnaces totaled 121,000 tons valued at $25,238,000, 
compared with 104,000 tons valued at $23,983,000 in 1960. All plants 
that produced silicomanganese in 1960 also produced in 1961, except 
the Niagara Falls plants of Union Carbide Metals Co. and Vanadium 
Corporation of America. Montana Ferro-Alloys Co., Woodstock, 
Tenn., became a new producer. Consumption of silicomanganese was 
14.4 percent that of ferromanganese, compared with 12.3 percent in 
1960, and 13.1 percent in 1959. 

Spiegeleisen Inland Steel Co., East Chicago, Ind., and The New 


Jersey Zinc Co., Palmerton, Pa., produced spiegeleisen in 1961. 
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TABLE 5.—Consumption, by end uses, and stocks of manganese ferroalloys and 
metal in the United States in 1961 


(Short tons, gross weight) 


Ferromanganese 
Silico- Manra- 
Use manra- | Spfecel- nese Briquets 
Hich Medium nese cisen metal ! 
carbon | and low 
carbon 
Steel incots: 
Stainless steel 541 2, 069 3,915 14 7,481 |......-- ix 
Other alloy steel...................... 119,567 8, 807 27,974 R, 228 899 0b 
Carbon steel.......................... 566, 485 46, 463 64, 927 16, 107 4,309 |.........- 
R ³¹Ü¹e m 8 410 118 Ki vlt AA Be ess 
Tota tee redede see 687, 003 57, 457 97, 603 24, 310 12, 720 |.........- 
eee ee gege Del eee — ͤ—7—p—— 
Steel castings: 
Stainless steel... ue eee 265 243 d A NEES BI |......-..- 
Other alloy steel 6, ^23 1, 585 3, 294 255 101 16 
Carbon steel 5,781 2, 264 4, 888 866 15 117 
Ohle 2, 707 189 714 165 6 2 
o EE 15, 276 4, 281 9, 119 1, 286 202 135 
Logementer — Kee eg seess $ 
Steel mill rolls. ........................... 764 144 504 75 IN 8 
Gray and malleable castings. ............. 4,419 505 3, 561 10, 666 1 7,326 
Alloys (include welding rods)............. 7,002 809 727 83 3. 285 2 
ee ß 186 67 323 Ol A: 98 13 
Grand total 714, 650 63,353 | 111, 837 36, 859 16, 286 7,476 
Btocks, Dec. 31: 3 
Consumer e e ce eee 140, 241 7, 657 13, 372 7, 784 1, 580 982 
e ß (3) (3) (3) 31, 471 „ 


$ Virtually all electrolytic. 
2 Including bonded warehouses. Excluding Government stocks. 
3 Producer stocks of ferromanganese, silicomanganese, and manganese metal totaled 146,528 short tons, 


TABLE 6.—Manganese items in Government inventories as of December 31, 1961 
(Thousand short dry tons) 


National DPA in- CCC and 


Material (strateric) ventory supplen:ental 
stockpile stockpile 
Manranese: 

Battery vrade: 

Natural ore 274] 145 ... 129 

Synthetic dioxide....................-—.| 251 211 41422222222 
Chemical grade: 

Type A ore EEN 32 IB] ,, 74 

r lo 2 WEE 71 
Metallurgical grade 2, 562 

„ standard high car- 

n 


1 Ficures in parentheses are nprraded forms of preceding item and are included in the figure for that item 
(manganese, metallurgical grade). 
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TABLE 7.—Ferromanganese produced in the United States and metalliferous 
materials consumed in its manufacture 


Ferromanzanese produced Materials consumed 


Manganese 
Manganese ore (35 per- ore used 
Year Gross | Manganese content cent or more : Iron and | per ton of 
weirht natural) manganif- | ferroman- 
(hort.. serous iron |ganesemade 
tons) ores (short tons) 
Short Domestic |(short tons) 
tons 
1952-56 (average) 12, 014 12.1 
IU Tools 8 503 2.2 
1958. . 1, 091 2. 0 
1770ͤÄ A aaa 3, 935 2.0 
19% 1. 821 12.2 
1901......- eg 1, 685 12.1 


t Includes ore used in producing silicomancanese. 
3 Includes ore used in producing silicomanganese and metal. 


TABLE 8.—Manganese ore used 1n producing ferromanganese and silicomanga- 
nese in the United States, by source of ore 


1961 
Source Mn Mn 
Gross weight | content, | Gross weight] content, 
(Short tons) natural (short tons) natural 
(percent) 
RE, EE 17, 819 0, 446 56.6 
Foreign: 
Ill A IA 570, 576 ; 454, 189 46.0 
Fl! ³ĩðx 509. 201 A 448, 170 46.7 
British E a IRA A A AAA PAS 70, 923 43.8 
CO nde aaa a 15, 635 16, 125 44.4 
CUDA ER 39,216 10, 774 45.8 
et A A 8 440. Van : 260. 706 44.8 
SEELEN 200. 845 i 212, 588 42.1 
Philippines. cación rca a aia 3,133 : 6, 400 44.2 
TUTO AA A 2, 588 E rte Dë? US asia 
Other or unidentified 1. 12, 856 A 97, 5488 
Totál- A dd „„ 1, 818, 857 1, 586, 965 45.3 


1 For 1961, includes ore used in producing metal. 
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Manganiferous Pig Iron.—Pig-iron furnaces used 1,051,000 short tons 
of manganese-bearing ores containing over 5 percent manganese 
( natural) . Of this quantity, 556,000 tons was of domestic and 495,000 
tons was of foreign origin. Of the domestic ore, 472,000 tons contained 
5 to 10 percent manganese (natural), and 84,000 tons contained 10 
to 35 percent manganese. Of the foreign ore, 485,000 tons contained 
5 to 10 percent manganese (natural), and 10,000 tons contained 35 
percent or more manganese. Canada supplied all the foreign man- 
ganiferous iron ore. 

Battery and Miscellaneous Industries.—Manufacturers of dry-cell bat- 
teries used 28,000 short tons of manganese ore containing more than 35 

rcent manganese (natural); 4,600 tons was of domestic origin. 
Chemical plants and miscellaneous industries used 91,000 tons of 
manganese ore containing 35 percent or more manganese. Of this 
quantity 6,000 tons came from domestic sources. The domestic ore 
and an appreciable part of the foreign ore would not be able to meet 
National Stockpile Specification P-81-R for chemical-grade ore. 


PRICES 


Manganese Ore.—Commercial prices for spot purchases of Indian 
and South African manganese ore containing 46 to 48 percent manga- 
nese, as quoted by E&MJ Metal and Mineral Markets, were nominal 
throughout the year at $0.87 to $0.90 p long-ton unit of manganese, 
c.i.f. U.S. ports, import duty extra. Brazilian ore containing 48 to 50 
percent manganese was quoted throughout the year by the same source 
on the same terms at $0.91, nominal. Both of these quotations were 
unchanged from those of 1960. 

Manganese Alloys.—The average value, f.o.b. producers’ furnaces, for 
ferromanganese shipped in 1961 was $210.01 per short ton, compared 
with $212.10 in 1960. The price of standard ferromanganese, 74 to 76 
percent manganese, at eastern furnaces, carlots, held at 11 cents per 
pound of alloy until the middle of December when it was rer n 
9.5 cents per pound, or $190 per short ton. Prices of imported ferro- 
manganese, delivered to the United States and after duties, were re- 
ported to run as low as $146 per short ton. Spiegeleisen containing 19 
to 21 percent manganese remained at $100.00 per long ton, carlots, 
f.o.b. Palmerton, Pa., according to Iron Age. 

Manganese Metal.—The pne of electrolytic manganese metal re- 
mained unchanged throughout the year at 35 cents per pound for car- 
lots and 37 cents per pound for ton lots, in both instances packed in 
steel drums. Variations in these prices for different packaging, quan- 
tities, and special grades continued as before, including palletized 
standard carlots at 3334 cents, and palletized ton lots at 3614 cents. 
The premium of 0.75 cent per pound for hydrogen-removed metal and 
the premium of 3.5 cents per pound for nitrided electrolytic manga- 
nese meta] containing & minimum of 5.5 percent nitrogen continued 
unchanged throughout the year. 
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FOREIGN TRADE” 


Imports.—The average grade of imported manganese Ore was 47 
rcent manganese, compared with 47.7 percent for each of the years 
1960 and 1959. Brazil rovided 35 percent of the total ore received in 
1961; Union of South África 12 percent; Ghana, 11 percent ; Mexico, 
9 percent ; India and Republic o the Congo, each 8 percent; British 
Guiana and Morocco, each 6 percent. General imports of ore con- 
taining more than 10 percent and less than 35 percent manganese 
totaled 3,605 short tons, all of which came from exico; imports for 
consumption consisted of this ore and 9,555 tons from hana 


half of the total. Imports for consumption classified as “manganese 
silicon (includes silicon manganese)" totaled 13,471 short tons (man- 
nes content). This came from Norway, 4,684 tons; Belgium- 
uxembourg, 3,/54 tons; Spain, 2,210 tons; Y la 
Italy, 476 tons; Japan, 366 tons; Chile, 154 tons; West Germany, 111 
tons; and Canada, 38 tons. Manganese metal imports for consump- 
tion were 565 short tons, of which 564 tons came from Japan and 1 
ton, presumably thermic metal, from West Germany. No imports for 
consumption of spiegeleisen were reported. 

Exports.—Ferromanganese exports totaled 469 short tons valued at 
$146,000, compared with 751 tons in 1960 valued at $202,000. Exports 
classified as “manganese metal and alloys in crude form and scrap," 
believed to be almost entirely electrolytic manganese metal, were 2,234 
tons valued at $1,327,000, GER with 2,430 tons valued at $1,501,- 
000 in 1960, and 1,260 tons va ued at $752,000 in 1959. Spiegeleisen 
exports in 1961 were 525 tons valued at $47,000 and went to Canada. 
Exports classified as “manganese ore and concentrates, containing 
10 percent or more manganese” totaled 7,528 tons valued at $1,054,000 
and were believed to be almost entirely imported manganese dioxide 
ore Re eco after grinding, blending, or otherwise classifying. 

Tariff. Duty on manganese ore remained unchanged at one-fourth 
cent per pound of contained manganese with ore from Cuba and the 
Philippines exempt from duty, and ore from the U.S.S.R. and certain 
neighboring countries dutiable at 1 cent per pound of contained 
manganese. 


-— EHE 

3 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division 
of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Commerce, 
Bureau of the Census. 
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TABLE 10.—U.8. imports for consumption of ferromanganese, by countries 


1960 
Country Gross | Mn con- Gross 
weight tent Value weight Value 
(short (short (short 
tons) tons) tons) 
North America: 
AAA 8 710 615 $296, 670 217 $36, 255 
MEXICO EEN AA E, 2, 009 235. 955 
d DEE 710 615 296, 670 2. 226 272.210 
South America: Chile 573 448 72, 967 3, 906 (46. S84 
Europe: 
Belglum-Luxembourg............. 3,676 2,757 „ . 
Fine 23, 187 18, 041 2, 771, 736 40, 859 5. 745, 190 
Germany, West . 634 196.247 121,672 12,572. 525 
E TEE EE 1, 995 1,61) 412.745 441 97.119 
Nor. AAA 2. 879 2, 232 432, 949 2,220 245. 000 
e EE x AS 1,837 1, 422 231, 262 1,347 163. 858 
Buweden.- ANO D 1,120 126, 000 
United Kingdom................. 1,121 852 168: AAA AA VE 
Yugoslavia. ...................... 4, 998 8, 950 627,785 8, 234 1, 005, 466 
. eu odes ungere 40, 497 31. 499 5, 333, 069 75, 893 9, 955, 158 
Asta: 
Indla AAA ͤ⁰ 37,105 27.850 | 6,374,379 96. 958 17, 290, 849 
TADA EE 30, 017 23, 328 §, 523, 179 15, 747 3, 104. 704 
Total AA ² dua uM SV 67.122 51,178 | 11,897, 558 112, 705 20, 395, 643 
Africa: Union of South Africa 11, 320 8.854 | 1,408,059 27, 206 3, 126, 293 
Grand total 120, 222 92, 594 | 19, 008, 323 | ! 221, 936 ! 84, 396, 188 


1 Adjusted by Bureau of Mines. 
Source: Bureau of the Census. 


WORLD REVIEW 
NORTH AMERICA 


Guatemala.—Minas y Productos de Guatemala, S.A., mined manga- 
nese ore of high manganese and low silica content from a surface 
deposit at high elevation in the Department of Huehuetango. The ore 
minerals were said to have been petrographically determined as 
hausmannite, pyrolusite, and other manganese oxides. 

Mexico.— Teziutlan Copper Co. and American Brake Shoe Co. joined 
to form Amsco Mexicana, S.A., to take over the steel foundry at 
Tlalnepantla, near Mexico City, previously a subsidiary of Teziutlan. 
Capacity of the foundry was quadrupled to 400 tons per month of 
castings, of which manganese steel castings for the mining, construc- 
tion, and heavy industries were an important part in addition to other 
alloy and carbon steel castings. Cía. Minera Autlan was reported to 
be exporting manganese ore (concentrate from its mine near Autlan, 
Jalisco, via the port of Manzanillo, to the United States and Japan 
at an annual rate of 100,000 tons, with Mexican consumers taking an 
additional 25,000 tons. Plans were underway for 22-ton diesel ore 
trucks to replace the 7-ton flat-bed gasoline trucks currently used 


* American Metal Market. V. 68, No. 14, Jan. 20, 1961, p. 5. 
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TABLE 11.—World production of manganese ores, by countries!“ 


Mn, 
Country ! percent 
North America: 
Cuba.................. 36-50 4- 
Mexico 30+ 
Panama................|.-...-..- 
United States (ship- 
ments) 35+ 
gu AAA E 
South America: 
Argentina 30-40 
Brnr ill. 3850 
British Gulana 40-42 
Ehlena tenias 40-50 
Pet ͤ⁊k 404 
Venezuela 38+ 
Ke EE cessed 
Europe: 
Bu lraria. .............. 30+ 
Oreece................. 354- 
Hungary 30 — 
IIC ĩ T 30 — 
Portugal 35+ 
Rumanla 28. 35 
apan a ld 30+ 
/ ³ĩV³—WQ 8 
Vugoslavla 30+ 
Tot! ebe 
Asia: 
Ire EE EE 42+ 
CC PA 
Inas 36+ 
Indonesia 35-49 
IBU 30+ 
Japan 32-40 
Korea, Republic of 30-48 
Malaya, Federation of. 30+ 
Pakistan 42 
Philippines............| 35-51 
Portuguese Indía....... 32-50 
Thalland 40+ 
Türkey......--se-o uen 50 
oil... EE 
Africa: ` 
Angola 38-48 
Bechuanaland.......... 38+ 
Congo. Republic of the 
(formerly Belgian)... 48+ 
Ethiopia 51 
Ghana (exports) . 48 
Ivory Coast............ 46+ 
Morocco: 
Northern zone..... 50 
Southern zone...... 35-50 
Rhodesia and Nyasa- 
d, Federation of: 
Northern Rhodesia. 30+ 
Southern Rhodesia. 30+ 
South-West Africa..... 45+ 
Sudan 9. 36-44 
Union of South Africa.. 40+ 
United Arab Republic 
(Egypt) io. . 38-58 
y AA mm 


See footnotes at end of table. 
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(Short tons) 
1952-56 1957 1958 
(averaro) 
4273. 860 | 4160, 967 4 74, 636 
194, 689 | 8220.000 | 8187, 400 
5 2, 154 4, 489 
222, 207 366, 334 327, 309 
690, 756 749, 455 693, 834 
9, 061 11, 154 16. 431 
257, 163 | 1,011, 939 972, 413 
52.0388 59,724 | 42,061 | 42.744 
6, 355 16. 917 3, 242 
10. 318 32. 930 9, 039 
334, 940 | 1, 132, 664 | 1, 043, 186 
45. 503 89. 600 31, 306 
18, 355 17. 545 22. 046 
112. 529 178. 600 200, 400 
51, 784 51. 976 48, 588 
8, 927 6. 035 5. 484 
219. 930 292. 402 220, 755 
38, 288 45, 622 40, 287 
5, 140, 000 | 5, 674, 7 5, 915. 000 
5, 027 3 4, 400 11, 060 
5, 640, 343 | 6, 360, 880 | 6, 494, 906 
4. 535 506 1. 405 
298. 800 770, 000 935. 000 
1,814,116 | 1, 852, 701 | 1, 406, 652 
46, 391 59, 338 48, 909 
5. 777 2. 205 660 
231. 912 318, 497 326, 269 
3, 857 ; 287 
14.959 33,324 24. 590 
155, 524 161, 347 86, 078 
6 450 1, 100 
73, 210 62, 522 24, 920 
2. 650. 000 | 3, 264.000 | 2, 856, 000 
46, 540 23, 518 38, 499 
TE 243 14, 213 
335, 289 404, 572 372, 741 
708, 492 713,757 | 574,124 
1. 820 7 
459, 785 541, 772 452, 041 
18, 084 39, 703 49. 383 
748 1. 785 2. 512 
40, 616 89, 661 103, 049 
67,700 8, 800 6, 600 
813, 436 787, 878 934, 097 
4, 701 10, 315 48, 730 
2. 437, 211 | 2,622, 736 | 2, 595, 989 
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TABLE 11.—World production of manganese ore, by countries '’—Continued 


(Short tons) 
Mn,3 1952-86 
Country 1 percent | (average) 1957 1958 1949 1960 1961 
Oceania: 

Australla 28. 45-58 39, 189 86, 153 66, 845 100. 768 68, 082 75, 810 
RI ll 40+! 412,068 38, 858 20, 5U3 14, 560 13,073 3, 808 
New Caledonía........ 45+ 4:093 A PA DEEN E 8 
New Hebrides......... AA GE, EE A usec etl 5, 060 
New Zealand........... 48+ 260 41 116 114 134 132 
Net EE 46 ¡YN AA EE, D „ 
r tee DEEN 56. 457 125, 052 87, 464 115, 448 81, 343 84, 810 

World total (esti- 
mate) . . 11, 810, 000 14, 255, 000 13. 671,000 14, 281. 000 15. 006, 000 14. 933, 000 


In addition to the countries listed, Czechoslovakia and Sweden report production of manganese ore 
(approximately 13 to 17 percent manganese content), but since the manganese content averages <ubstan- 
tiully less than a ene the output is not included tn this table. Czechoslovakia averages 175,000 short 
tons annually, and Sweden, approximately 11,000 tons for the last 5 years. 

? This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Estimate. 

$ Exports. 

5 United States Imports. 

E * One year only as 1956 was the first year of commercial production. 

Grade unstated. Source: The Industry of the U. S. S. R., Central Statistical Administration (Moscow). 

* Year ending March 20 of year following that stated. 

Dry weight. 

V In addition to high-grade ore shown in the table, Egypt produced the following tonnages of less than 30 
5 90 content: 1952-56 (average), 226,897; 1957, 83,957; 1958, 74,303, 1959, 72,752; 1960, 282,200; 
and 1961, 304.663. 


Compiled by Pearl J. Thompson, Division of Foreign Activities, 


through contracts with individual truckowners, who will form a cart- 
age company to drive and maintain the new trucks. Because of 
heavy grades, a new mine road will be necessary. Cía. Minera 
Autlan actively explored manganese deposits in the States of Hidalgo 
and Jalisco.* 

Panama.—The first shipment of equipment to be used for minin 
manganese deposits in the Madinga area of the San Blas Gulf arrive 
in February.’ 


SOUTH AMERICA 


Argentina.—A manganiferous metallogenic province constituting 25 
manganese districts in Argentina, within an area of 800 square miles, 
was described. Psilomelane and pyrolusite occur in veins as long 
as 3,300 feet to provide ore containing 20 to 40 percent manganese.* 
Most Argentine manganese deposits are low grade and contain only 
20 to 30 percent manganese. They are widely scattered through the 
north-western provinces, occurring mostly as thin veins. Minera 
Alumine, the main p found promising deposits in Salta Prov- 
ince and was considering developing them and installing a flotation 

lant. With continued anticipated growth of the national steel in- 
ustry, annual manganese ore consumption of 60,000 tons was ex- 


oan Consulate Gencral, Guadalajara, Mexico. State Department Dispatch 60. Apr. 7, 
19.8 Embasay: Mexico, D.F., Mexico. State Department Dispatch 1307. Apr. 23, 1962, 
yi 7 US. Embassy, Panama, Panama. State Department Dispatch 528. May 31, 1981, p. 9. 

®Gamkosian, Alejandro, R. M Umilandt, and A. C. Jansson. Provincia Manganifera 
Santingueno-Cordobesa. Boletin Geominero Santingueno No. 1, Santingo del Estero, Argen- 
tina, 1960, 40 pp.; Econ. Geol., v. 56, No. 6, September-October 1961, p. 1163. 
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pected within a few years for Argentina, according to projections 
of Comite de Comercialización de Minerales. New markets have de- 
veloped in recent years from new ferroalloy plants and from the new 
steel mill of Sociedad Mixta Siderurgica Argentina (SOMISA) at 
San Nicolas. Most of the nation's 1960 manganese ore production 
went to SOMISA for its blast furnace operation, which began in the 
middle of the year. Production of manganese ore in Argentina was 
protected by a 150-percent import surcharge, which the ferroalloy 
producers wanted reduced or removed.“ The most publicized man- 
ganese deposits of Argentina were those of Farallon-Negro in the 
Agua de Dionisio mining district, Catamarca Province. Since 1948 
they have been under serious investigation, which has included un- 
derground exploration. The ore contains gold and silver values 
and will require beneficiation. Yacimientos Mineros Agua de Di- 
onisio (YMAD), the directorship of which is composed of repre- 
sentatives of the University of Tucuman, the Government of 
Catamarca Province, and the National Government, contracted with 
Reinstahl Industries Planing of Dusseldorf, West Germany, for a 
metallurgical study. Expectation was for full production by 1966.'° 
Proven reserves of 100,000 tons containing 20 percent manganese 
have been claimed." 

Brazil.—Of the 8-percent mineral production tax, 3 percent went to 
the Federal Government, payable when shipments were made, and 5 
percent to the State and Municipality, payable per month, per year, 
or when shipments were made. Assessed unit values for E ee 
the tax for 1961 were 6,000 and 3,000 cruzeiros for pyrolusite an 
psilomelane, respectively, compared with 800 cruzeiros for ferrugi- 
nous manganese, hematite, or magnetite ore.? Several types of 
ferroalloys, including ferromanganese and spiegeleisen, were among 
the products of the aluminum reduction plant of Aluminio do Brazil 
S.A., at Saramenha near Ouro Preto, Minas Gerais.? Exports of 
manganese ore from Amapa in 1961 totaled 854,000 short tons,“ of 
which 800,000 tons went to the United States and the remainder, to 
Canada, United Kingdom, France, and Japan. A relatively small 
quantity was shipped to Santos, Brazil. 

British Guiana.—Mine output of manganese ore in 1961, the first full 
year of production, averaged 42 percent manganese. 

Chile.—As a result of the mid-1961 agreement between the Chilean 
and United States Governments to barter U.S. surplus agricultural 
products for 36,000 short tons of Chilean ferromanganese, the ferro- 
manganese plant of Cia. Manganesos Atacama at Guayacan, near La 
Serena, resumed production toward the end of the year after having 


* Bnrean of Mines. Mineral Trade Notes. V. 53, No. 6. December 1961, p. 31. 

19 Embassy, Buenos Aires, Argentina. Stute Department Dispatch 1240. Apr. 4, 
2 +. pp. 

n Tezon, Roberto Vitelmo, and Hector J. de la Iglesia. Denosito de Manganeso, Oro y 
Plata "Furellon Negro," Provincia Cutamarca, Argentina. XX Congreso Geologico Inter- 
nacional, Symposium Sobre Yncimientos de Manganeso, v. 3, 1856, pp. 417—434. 

1901 Embassy. Rilo de Janeiro, Brazil. Stute Department Dispatch 992. May D, 
i pp. 

3 Engineering and Mining Journal. V. 163. No. 1. January 1962, p. 148. 

“US Consulate, Belem, Brazil. State Department Dispatches 52, 63, 87. Nov. 7, 1961, 
Jan 9 and Tune 4, 1962. 

18 C.S. Consulate, Georgetown, British Guiana. State Department Dispatch 141. Apr. 
10, 1962, Encl. 1, p. 1. 
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been idle since April 1960.:* The company’s Corral Quemado de- 
posts in Coquimbo Province, is one of the nation's principal deposits, 

aving reserves estimated at 880,000 tons of ore containing 42 percent 
manganese and 1,500,000 tons containing 23 percent manganese. The 
ore minerals are pyrolusite, psilomelane, e braunite, occurring in 5 
low-dipping mantos that vary in thickness from 4 to 24 inches. Min- 
ing was by hand, the ore being sorted at the face and carried in knap- 
sacks or hampers to the surface where it was further cobbed before 
being trucked to the port of Coquimbo for export. One miner pro- 
duced about 7 tons of ore a month. Production in September 1961 
was at the rate of 1,800 tons a month. Shortage of water discouraged 
installation of a concentrating mill" Chilean manganese ore was 
produced mostly in Coquimbo Province by Cia. Manganesos Ata- 
cama and Cia. Manganesos Chile.!“ Chilean manganese deposits 
were described as of four types: (1) Mantos associated with Creta- 
ceous tuffaceous sandstones (Coquimbo deposits) ; (2) Mantos as- 
sociated with quartzite layers in mica schists (Cautin-Valdivia de- 
posits); Pliocene or Quaternary lacustrine deposits at high altitude 
near the Peruvian border; and (4) small vein deposits, E 
of little importance, found at several places in northern Chile.!“ An 
earlier, more detailed report of Chilean manganese deposits recog- 
nized the first two types but mentioned deposits in Jurassic limestone 
and deposits in recent lavas instead of the last two.“ Exports of fer- 
romanganese in 1961 were 4,100 short tons, of which the United States 
took over 90 percent and Peru the remainder; silicomanganese ex- 

orts were 700 tons, Venezuela importing 500 tons and the United 

tates 200 tons.?* 

EUROPE 


France.—Consumption of manganese ore in 1960 was 651,000 short 
tons, compared with 565,000 tons in 1959. Imports in 1960 totaled 
831,000 tons, including 18,000 tons of chemical grade. The principal 
ore suppliers continued to be Morocco, U.S.S.R., India, and Union 
of South Africa.” Les Metaux Purs Pechiney-Outreau was formed on 
a 50-50 basis by Pechiney (leading chemical company in France) and 
Les Acieres de Paris et d'Outreau (leading European ferromanganese 
producer) to produce electrolytic manganese metal in a 3,000-ton-per- 
year plant to be built in France near Boulogne-sur-Mer. The new 
company entered into an agreement with American Potash € Chemical 
Corp. to exchange technical information.” 

Italy.—The 52,000 short tons of manganese ore produced in Italy in 
1960 averaged 27.35 percent manganese. Manganese ferroalloy pro- 
duction for 1960 was refined ferromanganese (70-80 percent manga- 
nese), 5,500 tons; carbon ferromanganese (over 50 percent manga- 


16 U.S. Embassy, Santiago, Chile. State Department Dispatches 276 and 645. Nov. 14, 
1961, 1 p. and Apr. 17. 1962, p. 18. 

i1 Ü S. Embassy, Lima. Peru. State Department Dispatch 224. Oct. 31. 1961, p. 5. 

» U.S. Embassy, Santiago, Chile. State Department Dispatch 724. May 3, 1961, pp. 


11-12. 
1 Thulz F., Carlos, and George E. Er!cksen. Metallogenetic Provinces of Chile. Econ. 
Geol. v. 57, No. 1, January-February 1962. pp. 91-106. 
20 Biese, Walter A. Los Yacimientos de Manganeso de Chile. XX Congreso Geologico 
Interoacional, Sympostum Sobre Yacimientos de Manganeso, v. 3, 1956, pp. 377-416. 
"US. Embassy, Santiago, Chile. State Department Dispatch 651. Apr. 18, 1962, p. 1. 
L.S. Embassy, Paris, France. State Department Dispatch 605. Nov. 21, 1961, p. 3. 
=æ American Metal Market. V. 68, No. 154, Aug. 11, 1961, p. 14. 
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nese), 28,000 tons; ferrosilicomanganese, 27,000 tons; manganiferous 
pig iron (10-12 percent manganese), 7,300 tons; and silico-manganifer- 
ous pig iron, 1,/00 tons. Principal suppliers of manganese ore in 
the first half of 1960 were the U.S.S.R. and the Republic of the Congo.“ 

Poland.— Manganese ore imported in 1960 totaled 368,000 short tons, 
as follows: U.S.S.R., 324,000; Brazil, 22,000; India, 11,000; smaller 
Ae came from the United Arab Republic, Morocco, China, and 
the Union of South Africa. 

Rumania.—To utilize recently explored reserves of low-grade man- 
ganese ores of the Sebes Mountains, plans were made to make fer- 
romanganese and silicomanganese experimentally from this material 
using a two-stage electric furnace reduction process under study by 
Rumanian engineers. The ore contains 20 to 26 percent manganese, 
9.5 percent iron, 34 to 38 percent silica, and 0.6 to 0.85 percent phos- 
phorus pentoxide and is not amenable to ordinary methods of con- 
centration. The deposit was believed to be large enough so that export 
possibilities could be considered. Rumania has little metallurgical ore 
of good quality, but ferromanganese containing 50 to 60 percent man- 
ganese, high in phosphorus, has been produced from this kind of ore 
at the Karl Marx chemical complex at Tirnaveni using standard elec- 
tric furnace methods.? 

Spain. —Ferromanganese production in 1960 was 28,000 short tons.“ 

Sweden.—The manganese occurrences of Central Sweden were de- 
scribed as of two general types: Manganiferous skarn- and carbonate- 
iron ores, and manganese ores of the Langban type which occur near 
but not in contact with iron ores. The Langban mines were reported 
exhausted except for recovery of dolomite. The manganese minerals 
of the Langban-type manganese ores were braunite and hausmannite, 
accompanied by numerous manganese silicates. The manganese min- 
eral of the central part of the larger ore bodies was braunite; that of 
outer parts and all of the smaller ore bodies was hausmannite. Man- 
pee content of the skarn ores in the Stollberg mines occurs as car- 

onates and silicates, and locally has been more than 20 percent.?“ 

U.S.S.R.—The Darkveti manganese combine, consisting of new 
mines and a concentrating plant, was commissioned at Chiatura in 
early February 1961. This modern plant produced a concentrate con- 
taining 50 percent manganese from 6 ores of 22 to 25 percent 
manganese content, a lower grade feed than that used previously to 
obtain 50-percent concentrate at either Chiatura or Nikopol. All ores 
of Chiatura and Nikopol are processed. Reserves of the two districts 
were said to constitute 90 percent of total U.S.S.R. reserves, the re- 
mainder being less favorably situated in the Urals, Kazakhstan, 
Western Siberia, and the Khingan Mountains.” Extension of the 
E deposit along 125 miles of Tertiary shoreline was believed 
established by a study of manganese deposits at Bol'shoi Tokmak, 


i 20 C Rome, Italy. State Department Dispatch D-941. Apr. 19, 1961, Encl. 
e pn. I. 4. 
U.S. Embassy, Rome, Italy. State Department Dispatch 643. Jan. 20. Ip 11. 
35 Selected Economic Translations on Eastern Europe. No. 605. Aug. 31, 1961, pp. 11-14. 
27 U.S. Embassy, Madrid, Spain. State Department Dispatch 757. June 19. 1961, P: 4. 
* Magnusson. N. H. Iron and Sulphide Ores of Central Sweden. 21st Internat. Geologi- 
cal Cong.. Guide to Excursions Nos. A26 and C21. 1960, 48 pp. 
Kowalewski, Jan. Mineral Resources Development in the U.S. S. N. Min. J. (London), 
v. 257, No. 6570, July 21, 1961, p. 67. 
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about 25 miles east of Nikopol. The ore at Bol'shoi Tokmak occurs 
in low-dipping beds at depth of 200 to 450 feet below the surface over 
an area 55 miles long by about 15 miles wide at the north. It 1s asso- 
ciated with Oligocene sandstone, shows a gradual transition from 
sandstone to ore, and has an average manganese content of 23 percent. 
At the north the ore occurs as oxides, gradually changing to carbonate 
toward the south. The transition zone has oxide ore in its upper part 
and carbonate ore in its lower part. The ores of both oxide and car- 
bonate may occur as a continuous bed or as concretions. Initial dis- 
covery was of manganese carbonate in cores of water wells in 1939.“ 
Soviet exports of manganese ore in 1960 were 1,073,000 short tons, in- 
cluding the following distribution: Poland, 315,000 tons; East Ger- 
many, 174,000; United Kingdom, 164,000; France, 128.000; Czecho- 
slovakia, 88,000; West Germany, 87,000; Norway, 39,000; Austria, 
21,000; Italy, 20,000; Yugoslavia, 13,000; and Sweden, 9,000. Exports 
of ferromanganese in 1960 totaled 56,000 tons, much of which went to 
the Sino- Soviet bloc and to the United Kingdom.“ 


ASIA 


India.—In December 1961, Shivrajpore Syndicate Limited, one of 
the leading manganese ore producers in India, announced a 50-percent 
reduction in mining operations because stocks at pitheads were large. 
Inadequate transport facilities, shortages of electric power and ex- 
plosives, and decreasing demand for export ore continued to be difh- 
culties for the Indian manganese mining industry? A large 
integrated pilot plant, including an electric-arc furnace for pyro- 
metallurgical investigations, was reported being built at Janshedpur 
by the National Metallurgical Laboratory for beneficiation studies of 
low-grade manganese ores. Exports of manganese ore in 1960 totaled 
1,354,000 short tons, distributed as follows: United States, 494,000; 
Japan, 227,000; France, 210,000; United Kingdom, 147,000: Czecho- 
slovakia, 48,000; Belgium, 38.000; Italy, 37,000; West Germany, 
34,000; and the remainder divided among Yugoslavia, East Germany, 
Sweden, Netherlands, Spain, Poland. Norway, Singapore, Philippines, 
Taiwan, New Zealand. and less than 100 tons each to Indonesia, Pakis- 
tan, and Kuwait.“ Ore production in 1961 included 354,000 short 
tons that contained less than 35 percent manganese. Ferromanganese 
production in 1961 was 115,000 short tons, s and internal consumption 
was estimated at approximately 50,000 tons. Expiring mining leases 
of Central Provinces Manganese Ore Co. (CPMO) were not renewed, 
and negotiations were underwav during much of the year to form a 
new company (49 percent CPMO; and 51 percent national and stat 
Maharashtra and Madhya Pradesh, governments) to mine the affect 
properties under new leases. 

= Feonomic Geology. V. 56, No. 1, Jannary—February 1061, E 221. 

San ae of Mines. Mineral Trade Notes. V. 54. No. 4, Special supp. 61, April 19632, 

= 0:8. Embassy, New Delhi, India. State Department Dispatch 529. Jan. 10, 1962, 
Ta Mining Journal (London). v. 257, No. 6586, Nov. 10. 1901. p. 485. 


% Rurenu of Miner. Mineral Trade Notes. V. 53, No. 5. November 1961, pp. 33-35. 
€ U.S. Embassy, New Delhi, Indla. State Department Dispatch 923. May 5. 1962, 2 pp. 
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Indonesia.—A Government mining company, P. T. Pertambangan, 
in which ownership was shared by the Regency of Djogjakarta and the 
Central Government, began mining early in 1961 in the Kliripan- 
Kembang area near Djogjakarta. P. T. Mangaan Indonesia, wholly 
owned by the Central Government, mined manganese ore in the Karan- 
gunggal area of West Java.?* 

Japan.—Manganese ore production in 1960 averaged 38 percent man- 
ganese, compared with an average grade of 36 percent in 1959. For 
the first half of the financial year starting April 1, 1961, the Japanese 
Ministry of Trade announced it would authorize importation of 40,000 
tons of ferromanganese in addition to 180,000 tons of manganese ore. 
Contracts concluded by eight Japanese ferroalloy producers for 9,000 
tons of manganese ore from the U.S.S.R.* specified minimum 35 per- 
cent manganese, maximum 0.25 percent phosphate and not more than 
20 percent moisture. Preliminary analyses at the port of embarka- 
tion for the shipment due in December 1961 exceeded maximums for 
both phosphorus and moisture.“ Yawata Iron and Steel Co., Ltd., 
was considering an offer involving barter of silicon steel sheets for 
40,000 tons of U.S.S.R. manganese ore.*? 

Korea, Republic of.—Exports of manganese ore in 1960 totaled 220 
short tons and went to Japan.“ 

Philippines.—Laboratory tests by the Philippine Bureau of Mines 
demonstrated that floating off the calcite from the low-grade man- 
ganese ore of General Base Metals! Guindulman deposit, Anda Penin- 
sula, Bohol, could yield & marketable concentrate.? A résumé of 
the country's manganese resources was published in another report.“ 
At the end of 1960, from diamond drilling which apparently was 
continuing, Acoje Mining Company's newly discovered Sierra Madre 
manganese ore deposit was estimated to contain 223,000 tons of ore, 
averaging 44 percent manganese.** 

Portuguese India.—Combined 1960 exports of manganese ore and 
ferruginous manganese ore were 171,000 short tons, as follows: West 
Germany, 120,000 tons; Italy, 12,000 tons; United Kingdom, 10,000 
tons; Japan, 9,100 tons; Netherlands, 8,100 tons; Spain, 5,700 tons; 
France, 5,200 tons; and Belgium, 1,000 tons.** Change of sovereignty 
to India in December 1961 did not affect the status of existing 
contracts. 

Thailand.—A new manganese district, containing iron- and manga- 
nese-enriched laterites, was discovered in Lamphun Province in 
northern Thailand on the remnants of a terrace-like plateau along 
the edges of the Chiengmai and Li valleys. Several of the deposits 


Pis Embassy, Djakarta, Indonesia. State Department Dispatch 829. Apr. 27, 1961, 
p. 12. 
E U.S. Embassy, Tokyo, Japan. State Department Dispatch 1172. Apr. 18, 1961, Enel. 


1, p. 3. 
erkenn Metal Market. V. 68. No. 104, June 1. 1961, p. 18. 
American Metal Market. V. 68. No. 239. Dec. 14, 1961. p. 21. 
“Bureau of Mines. Mineral Trade Notes. V. 54, No. 1. January 1962, Ji 48. 
a oS Embassy, Seoul, Korea. State Department Dispatch 549. May 31, 1961, Encl. 


1, p. 4. 
$ Quicho, R. B., C. R. Sison, and E. N Bautista. Beneficlation of Guindulman Manga- 
nese. Philippine Bureau of Mines, Rept. of Inv. 28, February 1961, 14 pp. 
1501. nipping Bureau of Mines. Mineral Resources of the Philippines, Inf. Cire. 19, 
pp. 66-87, 
MA SE Manila, Philippine Islands. State Department Dispatch 728. May 26, 
D pp. == ad. 
Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, pp. 39-37. 
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were being explored or developed.** Exports of manganese ore in 
1961 were 130 short tons, compared with 70 tons in 1960.“ The pro- 
duction of both years was consumed mostly within the country for 
manufacturing dry-cell batteries. Se 

Turkey.—In Ankara Province, the Cayirli mine, Turkey’s principal 
producer of manganese ore since 1936, produced 70 percent of the 
national total in 1960. Mining was by open cut, the geology was 
complex, and shipping grades of ore contained 48 to 49 percent 
manganese.** 


AFRICA 


Angola. —Manganiferous ore production (20 percent manganese and 
30 percent iron) was 1,800 short tons in 1961.“ Rebellion in northern 
Angola in 1961 aggravated the labor shortage, a difficulty for Cia. do 
Manganese de Angola (apparently Angola’s only manganese ore 
producer in 1961) since 1959. 

Gabon.—Development of the COMILOG Moanda manganese de- 
posits continued with export shipments expected to begin by 
mid-1962. The Equatorial Institute of Geological and Mineral 
Research reported new manganese discoveries near Okandja.°° 

Ghana. — Exports of battery- and chemical-grade manganese ore were 
55,000 short tons in 1961 compared with 42,000 tons in 1960. In 1960, 
559,000 tons of metallurgical grade ore containing more than 30 per- 
cent manganese and 12,000 tons of lower grade ore also were exported.*! 

Morocco.—In 1961, chemical-grade manganese ore production was 
126,000 short tons.“ Exports of chemical-grade ore in 1960 were 
85,000 short tons, distributed to United States, 57,000 tons; France 
19,000 tons; and small quantities to Germany, Netherlands, United 
Kingdom, Czechoslovakia, Denmark, with less than 100 tons each, to 
Italy, Algeria, and Belgium. Metallur ical-grade ore (192,000 tons) 
was exported to France, 140,000 tons; Norway, 20,000 tons; United 
States, 11,000 tons; Yugoslavia, 11,000 tons; Italy, 4,000 tons; Sweden, 
2,400 tons; Poland, 2,400 tons; and the remainder to Spain, Germany, 
Switzerland, Belgium, and Algeria. Exports of manganese sinter 
(33 and 56 percent manganese) totaled 175,000 tons, of which 90 per- 
cent went to France and the remainder, to the United States.“ 

Rhodesia and Nyasaland, Federation of. —Of 47,000 short tons of man- 
anese ore exported in 1961, the United States received 21,000 tons; 
"rance, 13,000 tons; and West Germany, 9,000 tons. The Rhodesian 

Vanadium Corp. Bahati and Mashimba mines and the Nchanga Con- 
solidated Copper Mines, Ltd., Luano mine were closed in 1961. Ore 
from the almost exhausted Luano deposit had been used by Nchanga 


* Gardner, Louis S., and Roscoe M. Smith. Geological Survey Research 1961. U.S. 
Geol. Survey Prof. Paper 424-B. 1961, p. A-55. 
5 NEE Embassy, Bangkok. Thailand. State Department Dispatch 260, Jan. 26, 1962, 
ncl 1, 


p 3. 
„ Burenu of Mines. Mineral Trade Notes. V. 54. No. 3, March 1962, pp. 20-22. 
eae Consulate, Luanda, Angola. State Department Dispatch 243. Apr. 16, 1902, 
ncl. 2, p. 1. 
e s oe Embassy, Libreville, Gabon. State Department Dispatch 136. Mar. 15, 1962, 
p. . D 
8: U.S. Embassy, Accra, Ghana. State Department Dispatch 496. Apr. 17, 1962, Enel. 


S US. . General, Casablanca Morocco. State Department Dispatch 124. Feb. 


n 
5 Bureau of Mines. Mineral Trade Notes. V. 54, No. 2, February 1962, pp. 38-39. 
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as an oxidant in its copper-leaching circuit, but the process was changed 
to aeration." Paving the 40-mile stretch of road across the Katanga 
pedicle and improving Rhodesian roads to the east in 1960 and early 
1961 greatly facilitated shipping Rhodesian manganese ore.“ 
South-West Africa.—Manganese ore exports in 1961 totaled 63,000 
short tons compared with 64,000 tons in 1960.57 At the end of 
August 1961 the Otjisondu manganese mine of South African Miner- 
als Corp., Ltd., closed owing to lack of demand a 
Union of South Africa.— Electrolytic Metal Corp. (Pty.) Ltd., which 
began commercial output of electrolytic manganese metal in March 
1960, continued to produce in 1961 at the rate of 2,400 tons per year 
and planned to double capacity. The company was a joint venture 
of General Mining and Finance Corp., Ltd.; Anglo-Transvaal Con- 
solidated Investment Co., Ltd.; West Rand Consolidated Mines, Ltd.; 
A. Johnson & Co. (Swedish) ; and Technimetals (Pty.) Ltd. Anglo- 
Transvaal and A. Johnson & Co. had previously supported several 
e of exploratory pilot plant work. The present plant, on West 
and Consolidated Mines property near Randfontein, began to use 
local manganese ores in conjunction with the effluent from West Rand’s 
uranium mill * because the supply of effluent decreased in relation to 
demands of the manganese plant. In northern Cape Province ex- 
tension of the railway north from Sishen to the Hotazel mine of South 
African Manganese, Ltd., past the Adams and Devon mines of As- 
sociated Manganese Mines of South Africa, Ltd., was completed earl 
in 1961. "This reduced the truck haul for Associated's important Blac 
Rock mine to 15 miles. In 1960, 100,000 short tons of manganese ore 
from the Adams and Devon mines was used to produce 48,000 tons of 
ferromanganese at the Cato Ridge (Natal) plant of Ferroalloys Ltd. 
In 1961, South African Manganese, Ltd., doubled the capacity of its 
Hotazel mine to 480,000 tons per year, and at the same time overcame 
the initial difficulties caused when unexpected high-iron areas were 
found in the deposit. Early in 1961, because of an announced 
uranium production stretchout, about 25 small manganese mines in 
the Transvaal ceased operations, leaving only eight of the larger 
5 to supply requirements of the uranium mills.** These 
ransvaal ores, occurring in the Dolomite series of the Transvaal sys- 
tem, had been too low in grade to export, but since they contained not 
less than 35 percent available manganese dioxide, they met specifica- 
tions for an oxidant in uranium-mill leaching circuits. These ores 
and those from other manganese deposits in South Africa were de- 


H Metal Bulletin (London). No. 4576, Mar. 3, 1961, p. 21. 

U.S. Consulate General, Johannesburg, Union of South Africa. State Department Dis- 
patch 431. Apr 26, 1982, PP, 11-12. 

8$ U.S. Consulate General, Salisbury, Southern Rhodesia. State Department Dispatch 
969. May 5. Tee Le Be: 14-15. 

& U.S. Consulate General, Johannesburg, Union of South Africa. State Department Dis- 
55 896, 62, 175, 353. 421. June 1, Aug. 15, Nov. 14, 1961, Feb. 20, Apr. 16, 1962, 
pp. 1. 2. 

** U.S. Consulate General, Johannesburg, Union of South Africa. State Department Dis- 
patch 378. May 16, 1901. p. 2. 
15 ae Trade Journal and Chemical Engineer (London). V. 150, No. 3892, Jan. 5, 

s US. Consulate General, Johannesburg, Union of South Africa. State Department Dis- 
patch 384. May 22, 1961, pp. 2-3. 

* South African Mining and Engineering Journal (Johannesburg). V. 72, pt. 2, No. 
3592, Deu. 8, 1961, pp. 1388-1390. 

U.S. Consulate General, Johannesburg, Union of South Africa. State Department Dis- 
patch 7. July 7, 1961, p. 25. 
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scribed, including the important Postmasburg field and its extension, 
Kuruman-Black Rock a 

United Arab Republic (Egypt).— Exports of manganese ore (largely 
ferruginous manganese ore containing 21 percent „ in 1960 
were 230,000 short tons, coming mostly from stockpiles. Orders at 
the end of 1960 called for 1961 exports totaling 298,000 tons, of which 
1,000 tons was to have a manganese dioxide content of 85 to 90 per- 
cent, and approximately 20,000 tons was to contain 48 to 50 percent 
manganese. Reserves of 6 million tons, including all three grades, 
were established within a 10-mile radius of the deposits under exploita- 
tion. The high-grade manganese dioxide ore occurs as small pockets 
in the lower grade ores.* 

OCEANIA 


Australia.—Provisional figures for 1960 production of manganese 
ore included 900 short tons of battery grade, averaging 73.7 percent 
manganese dioxide, and 1,700 tons of other than battery or metallurgi- 
cal, averaging 66.0 percent manganese dioxide. Metallurgical ore 
production averaged 48 percent manganese in 1960.4 For the Tar 
E November 30, 1960, the Newcastle plant of Broken Hill Pty. 
Co., Ltd., produced 7,200 tons of high-carbon ferromanganese and 
1,900 tons of silicomanganese. No other manganese ferroalloys were 
produced in Australia. Imports of ferromanganese in 1960 totaled 
34,000 short tons, of which 31,000 tons came from Union of South 
Africa and 1,800 tons from Southern Rhodesia, Imports in 1959 were 
11,000 tons.“ 

Fiji.—Manganese ore exports for 1961, 1960, and 1959 were 1,100, 
2,400, and 23,000 short tons, respectively.“ The powdery nature of 
this ore was believed to be a cause of its poor export demand, coupled 
with increased availability of competitive Australian ore. 


TECHNOLOGY 


Investigations by the Federal Bureau of Mines at the Rolla (Mo.) 
Metallurgy Research Center demonstrated that high-damping man- 
ganese-copper alloys containing 65 to 80 percent manganese, when 
aged for optimum mechanical and damping properties, have very 
satisfactory fatigue resistance. They were found to be comparable to 
mild steel in this capacity; previously, they were shown to compare 
favorably in hardness and tensile strength.“ 

Differential thermal analysis studies, using reducing, neutral, and 
oxidizing atmospheres, were reported for 10 manganese minerals— 
hausmannite, bixbyite, braunite, pyrolusite, lithiophorite, cryptome- 

€ Boardman, L. D. Manganese in the Union of South Africa. 7th Commonwealth Min. 
and Met. Cong. (Johannesburg), 1961. 12 


pp. 
€? Burenu of Mines. Mineral Trade Notes. V. 54, No. 4, April 1962, Ly 17. 
iom Embassy, Cairo, United Arab Republic. State Department Dispatch 564. Jan. 20, 


. D. 16. 
e Bureau of Mines. Mineral Trade Notes. V. 53, No. 8, September 1961, pp. 50—51. 
“U.S. Embassy, Canberra, Australia. State Department Dispatch 612. June 14, 1961, 


5. 2 Bureau of Mines, Mineral Trade Notes. V. 54, No. 2, February 1962, pp. 17-19. 
es U.S. Consulate, Suva, Fiji, State Department Dispatch 105. Mar. id 1902, End. 


1, p. 4. 
Us. Consulate, Suva, Fiji. State Department Dispatch 188. Apr. 26, 1962, Encl. 1, p. 1. 

* Jensen, J. W., A. E. Bchwnneke, and D. F. Walsh. Fatigue Properties of Manganese- 
Copper Damping Alloys. BuMines Rept. of Inv. 6853, 1961, 14 pp. 
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lane, hollandite, manganite, rhodochrosite, and rhodonite. These data 
ants used to identify the different minerals and to aid in developing 
thermal or chemical methods for extracting manganese from low- 
de materials. The report included a 132-item bibliography.“ 
sing five different sample mixtures, composed in different propor- 
tions from three distinctly different manganese dioxides—gamma 
5 rho (Ghana), and byrne (Morocco) —differential 
thermal analysis was demonstrated to be a valuable complement to 
X-ray diffraction for identifying, classifying, and evaluating the 
different manganese dioxide phases that constitute both natural and 
synthetic ores, and ore mixtures.“ Apparently, both qualitatively 
and semi-quantitatively, differential thermal analysis was better than 
X-ray diffraction for mixtures of different phases. Because the dif- 
ferent phases of manganese dioxide are considered to have different 
depolarizing effects, differential thermal analysis has been found par- 
ticularly useful in evaluating manganese dioxide for use in dry-cell 
batteries. 

Observations at the Bureau of Mines Boulder City (Nev.) Metal- 
lurgy Research Laboratory disclosed the presence in some dry-cell bat- 
teries of unidentified bacteria believed to be responsible for short 
battery life.“ 

A variety of low-grade manganiferous materials from the Cuyuna 
range of Minnesota, representative of both partly oxidized materials 
and unoxidized carbonate slate, were evaluated as to their amenability 
to the high-temperature differential sulfatizing process under de- 
velopment at the Bureau of Mines Minneapolis (Minn.) Metallur 
Research Center. A bench-scale rotary drum furnace was used in 
making these batch evaluation tests. From the results, it was esti- 
mated that ap roximately 87 percent manganese recovery as a syn- 
thetic ore cou d be expected for 105 million short tons of raw materials 
that average 7 percent manganese.”* 

From a 614-ton sample of Cuyuna unoxidized carbonate slate con- 
taining, in percent, 6.8 manganese, 25.8 iron, 29.6 silica, 4.0 magnesia, 
18.7 carbon dioxide, and 0.15 phosphorus, bench-scale flotation tests 
at Minneapolis yielded a concentrate averaging 11.1 percent man- 
ganese, 27.8 percent iron, and 12.2 percent silica at recoveries of 73 
percent of the manganese and 48 percent of the iron. This concen- 
trate represented 45 percent of the feed weight and could be beneficial 
as an enriched feed for the high-temperature differential sulfatizing 
process. A calculated analysis for sinter made from the concentrate 
suggests a product containing 16 percent manganese, 40 percent iron, 
and 17 to 18 percent silica. This product would be usable as fer- 
ruginous manganese ore in producing pig iron.“ 


es Dressel, W. M., and H Kenworthy. Thermal Behavior of Manganese Minerals in Con- 
trolled Atmorpheres. BuMines Rept. of Inv. 5761, 1961, 35 Pp. 

e Fishburn. H. W., Jr, and W. E. Dill, Jr. A Method for the Semi-Quantitative Analysis 
and Identification of Mixed Phases of Manganese Dioxide. Power Sources Conf., Atlantic 
City, N.J., May 10, 1961, 8 pp. 

Sutton, Joseph A., and John D. Corrick. Possible Uses for Bacteria in Metallurgical 
Operations. BuMines Inf. Cire. 8003, 1961, p. 4 

D Prarky, Charles, R. L. Marovelli, and F. E. Joyce. Jr. Evaluating Cuyuna Manganese 
Resources by Sulfatizing. BuMines Rept. of Inv. 5887, 1961. 27 pp. 

Wessel, F. W., P. A. Wasson. and D. W. Frommer. Flotation of Unoxidized Man- 
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Continuous-circuit flotation tests were made at the Bureau of Mines 
Albany (Oreg.) Metallurgy Research Center on composites of low- 
de and offgrade oxide and of mixed oxide-carbonate ores purchased 
y the Government under the domestic manganese purchase program 
and stockpiled at Butte, Mont. These stockpiled ores averaged 23 
to 25 percent manganese. The individual lots had been tested by lab- 
oratory batch flotation for amendability to beneficiation to a product 
meeting National Stockpile Specifications for metallurgical maga- 
nese. An oil-emulsion technique was used for the continuous-circuit 
flotation tests and the concentrate was sintered on a small batch scale. 
The flotation concentrate from the straight oxide ore recovered 88 
percent of the manganese and after sintering contained 48 percent 
manganese. The flotation concentrate from the mixed oxide-car- 
bonate ore recovered 95 percent of the manganese and gave a sinter 
containing 41 percent manganese. A blend of the two types of ore, 
weighted according to the proportions of the two types in the stockpile 
at the time of testing, when subjected to similar testing, recovered 90 
percent of the contained manganese in the flotation concentrate and 
produced a sinter containing 43 percent manganese.” 

The scarcity of published material describing operating practice 
for commercial production of electric-furnace manganese ferroalloys 
was alleviated with the preparation of two papers for the Electric 
Furnace Conference (AIME) held at Pittsburgh, Pa., December 6 to 
8, 1961. In describing ferromanganese operations, it was concluded 
that: Slag-to-alloy ratio and manganese content of the slag are the 
major factors affecting power consumption; raw materials of good 
quality are needed to minimize penalties due to increasing slag vol- 
umes; and thorough knowledge of the limitations of the electric cir- 
cuits’ design characteristics, together with the “art” of the eg 
strongly influence successful operation.“ The production of silico- 
manganese was described as a complex operation involving both art 
and science. The early history of manganese and its ferroalloys was 
traced. First production of silicomanganese was in France in 1905. 
A study of the physical chemistry of steelmaking in the late 1920's 
and early 1930’s by the Federal Bureau of Mines, in cooperation with 
Carnegie Institute of Technology and the Metallurgical Advisory 
Board, was credited with creating interest in the use of silicomanga- 
nese in the United States. Latest developments for silicomanganese 
were the marketing of low-carbon silicomanganese and of ferroman- 
ganese-silicon for providing low-carbon manganese additions for sili- 
con sheet, low-alloy structural, low-carbon alloy, and stainless steels.“ 

In discussing the use of silicomanganese as a blocking alloy for con- 
trol of carbon content in producing steel as compared with separate 
additions of ferromanganese and ferrosilicon, better internal and sur- 
face quality of steels, lower costs through reduced furnace time, better 
alloy-element recovery, greater ease in producing ongrade heats, and 
the use of one alloy instead of two, were claimed. Longer and more 
effective blocks, fewer and less objectionable inclusions, fewer unde- 


7 Sullivan. G. V.. W. A. Stickney, and R. C. Bush. Beneflciating Manganese Oxide Ores 
From the Butte-Philipsburg Federal Stockpile. BuMines Rept. of Inv. 5728, 1961, 19 pp. 
genre ee d N. Manufacture of Standard Ferromanganese in Electric Furnaces. 

Ma Es, i pp. 

18 Oxaal, John. Manufacture of Silicomanganese. AIME, 1961, 27 pp. 
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sirable oxides, and better placing of the silicon and manganese in the 
bath, also were claimed.” 

Development was announced of new manganese-aluminum alloys 
for use as deoxidizing agents in steelmaking. These alloys were made 
in three standard manganese-aluminum ratios, 60 to 40, 65 to 35, and 
80 to 20, by using electrolytic manganese and primary aluminum. 
Substantial improvements in cleanliness and surface quality of the 
finished steel were claimed.“ 

Investigation of a new manganese-aluminum magnet alloy was re- 
ported. The alloy was very brittle, but swaging in suitable jackets 
overcame this difficulty.“ 

In discussing the mineralogy of California manganese deposits, it 
was observed that tephroite, Mn,S10,, was included among the sili- 
cates—spessartite, piedmontite, and rhodonite—which are abundant 
in the deposits of the Sierra belt, thus indicating a high degree of 
metamorphism. On the other hand, in the Coast Range deposits 
piedmontite is unknown and these other manganese silicates are very 
rare.“ 

When manganese ore was irradiated with slow neutrons so that only 
the manganese component became radioactive, measurement of the 
radioactivity quickly and accurately determined the manganese con- 
tent. As a result, automatic control of an ore dressing operation can 
be effected by varying procedure to agree with manganese content. 
The method was developed for Chiatura ores by the Department of 
Radioactive Indicators in Automation, Institute of Physics, Academy 
of Sciences, Georgian SSR. se 

Comparison of heat balances for blast-furnace production of pig 
iron with those for blast-furnace production of ferromanganese 
showed that the heat requirement for ferromanganese is much greater; 
also, a greater part of the total heat must be of high temperature, 
above 2,500° F. Oxygen enrichment of the blast can be used to in- 
crease the high-temperature portion of the total heat, the production 
rate being limited only by the rate of supply of high-temperature 
heat. The production rate of the ferromanganese furnace was in- 
creased 54 percent, and the coke requirement decreased 13 percent, by 
use of a blast containing 28.8 percent oxygen.“ 

Production in 1961 of 201- and 202-type manganese-nickel stainless 
steels was a new record of 32,000 short tons, compared with 23,000 tons 
in 1960, 28,000 tons in 1959, and 30,000 tons in 1958.2 Extensive use 
in manufacturing subway cars was reported,® and suitability of the 
202 grade for manufacturing bulk tanks and other equipment for 


We jd comangencre Helps Produce Cleaner Steels. V. 149, No. 15, Oct. 9, 1961, 
Pp. . . 

D American Metal Market. V. 68, No. 124. June 29. 1961. p. 20. 

78 American Metal Market. V. 68. No. 222. Nov. 20. 1961. p. 14. 

" Hewett. D. F.. C. W Chesterman, and B. W. Troxel. Tephroite in California Man- 
ganese Deposits. Econ. Geol.. v. 56. No. 1, January—February 1961, pp. 39-58. 

80 Office of Technical Services. Current Review of the Soviet Technical Press. U.S. 
Dept. of Commerce, BDSA, Mar. 24, 1961, p. 11. 

Burr, W. H. and J. H. Bergmark. Thermal Balance for a Ferromangenese Blast 
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dairies was indicated by 314 years’ testing at Pennsylvania State Uni- 
versity. ‘This grade has a tensile strength of 100,000 psi and a yield 
strength of 50,000 psi, compared with 90,000 and 35,000 psi, respec- 
tively, for type 302 stainless steel, the type usually used for corrosion- 
resistant dairy service. The 202 grade has been used for automobile 
trim and for curtain walls of buildings.** 


% American Metal Market. V. 68, No. 88, May 9, 1961, pp. 1, 8. 


Mercury 


By John E. Shelton ! and Gertrude N. Greenspoon ? 


P 


OMESTIC mercury production in 1961 declined 5 percent to 31,700 

flasks. All the major producing States recorded lower output. 

In contrast, increased demand by many principal consumers and 

the installation of a new chlorine and caustic soda plant caused a 9- 

percent gain in the use of mercury in the United States. Consumption 

of 55,800 flasks was the largest since 1955 and only 2 percent below 

the record peacetime use in that year. Imports for consumption 

dropped sharply; the total of 12,300 flasks was the lowest quantity 

since 1941. The average price of $197.61 per flask was also the lowest 
since 1953. 

Mercury continued to be eligible for Government assistance in ex- 
loration of deposits through the Office of Minerals Exploration. In 
ate 1961 acquisitions of mercury again could be authorized for barter 

transactions by the Commodity Credit Corporation. 

World output of mercury totaled 240,000 flasks, slightly less than in 

1960. Of the leading producing countries, only Yugoslavia reported 
an increase in output. 


TABLE 1.—Salient mercury statistics 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 
Producing mines 81 120 101 71 75 
Productlon................... flasks 1. 17, 712 34, 625 38, 067 31, 256 33, 223 31, 662 
Alus... thousands $4, 391 $8, 552 $8, 720 $7, 110 $7, 002 $6, 257 
For consumption flasks 57,575 42, 005 30, 196 30, 141 12, 313 
VVV do 58, 549 45, 449 30, 973 30, 260 19, 515 12, 514 
e do... 6 1,919 320 640 57 
Reerports....--...........-...- do... 1 3, 275 934 553 317 180 
Stocks Dec. 31. do 23, 246 25, 388 11, 274 13, 580 19, 761 17, 533 
Consumption do.... 49, 785 52, 859 52, 617 54, 395 51,167 55. 763 
Price: New York, average..perfl:sk..| $241.36 | $246.98 | $229.06 | $227.48 | $210. 76 $197. 61 
World: Productlon............... flasks..| 178,000 | 2 240, 000 | 2 246, 000 | 223, 000 | 3 242, 000 240, 000 
Price: London, average 


perflask..| $232.32 | $232.36 | $214.98 | $208.61 | $197.86 $181. 87 


1 Flasks as used in this chapter refers to a 76-pound flask. 
3 Revised figure. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Through the Office of Minerals Exploration (OME) the Government 
participated to the extent of 50 percent of the financial risk with 
private industry in exploratory ventures judged capable of increasing 


1 Commodity specialist, Division of Minerals. 
3 Statistical assistant, Division of Minerals. 
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the Nation’s resources for selected mineral commodities. In 1961 
two new contracts were made to explore for mercury ores. Financial 
assistance was obtained for exploration of the Aetna Springs mine, 
Napa County, Calif. Estimated total cost of the project was $17,640. 
Pacific Minerals & Chemical Co., Inc., executed a similar contract for 
$69,720 to explore the Mother lode mine, Crook County, Oreg. 

In response to S. Res. 206, 87th Congress, in a resolution adopted 
September 23, the U.S. Tariff Commission instituted an investigation 
on mercury for the purpose of updating the Commission’s report of 
November 1958. A public hearing was scheduled for February 20, 
1962. 

On December 21 mercury was again included as an item eligible 
for acquisition in exchange for surplus agricultural products under the 
barter program administered by the U.S. Department of Agriculture, 
Commodity Credit Corporation (CCC). 


DOMESTIC PRODUCTION 


Production of primary mercury in the United States declined 5 
ercent to 31,700 flasks. Output decreased in all principal producing 
Bretz, The number of producing properties decreased to 69. The 
quantity of ore treated rose 2 percent, but the mercury recovered 
declined 4 percent. Mercury recovery was 0.5 pound per ton less 
than in 1960. The 56-percent increase in output of secondary mercury 
was due mainly to metal recovered from a mercury boiler withdrawn 
from service. 

California remained the leading mercury-producing State, with 
output only slightly below 1960. However, its contribution to the 
total U.S. production rose from 56 to 59 percent. The four principal 

roducers—New Idria, Buena Vista, New Almaden, and Mount 
ackson (including Great Eastern)—furnished 87 percent of the total. 

Nevada continued to be the second largest mercury-producing State. 
Output decreased 4 percent from the peak of 1960, but Nevada’s 
share of the total U.S. output was unchanged at 24 percent. The 
Cordero mine was, as usual, the leading producer in the State and 
ranked second in the United States. Its production, however, was 
2 percent below the peak output in 1960. 

Despite a 7-percent decrease in output, Alaska ranked third among 
EE mercury-producing States for the fifth consecutive year. 

roduction represented 13 percent of the total U.S. output and came 
mainly from the Red Devil mine, Kuskokwin River region. 

Although mercury production in Idaho decreased 30 percent, the 
State continued to rank fourth and supplied 3 percent of the U.S. 
total. The Idaho-Almaden mine in Washington County furnished 
the entire output. 

The lowest output in Oregon since 1950 was recorded in 1961. 
Production fell 73 percent and supplied less than 1 percent of the U.S. 
total. Output of the principal producer, the Bretz mine in Malheur 
County, was less than half of the 1960 production. 

Arizona supplied the remainder of the 1961 output. 
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TABLE 2.—Mercury produced in the United States, by States 


Pro- Pro- 
Year and State ducing | Flasks | Value! Year and State ducing | Flasks | Value! 
mines mines 
1961: 

1960: Alaska. 2| 4,129 | $815, 932 
O A 3 | 4,459 | $939, 779 Arizona 4 148 29, 
Californía.......... 42 | 18, 764 | 3 700 California.......... 36 | 18, 688 | 3, 692, 936 
Idaho 1 1. 538 324, 149 Idaho 1 1. 073 212, 036 
Nevada............ 20| 7,821 | 1, 648, 354 Nevada............ 21 , 486 | 1,479, 308 
Oregon 5 51 108, 120 Oregon 5 138 27, 270 
Arizona and Texas. 4 128 26, 977 — — 

Total.........--- 69 | 31, 662 | 6, 256, 728 
¿in AA 75 | 33, 223 | 7,002, 079 


Value calculated at average New York price. 
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Of the 69 producing mines in 1961 (75 in 1960), 8 mines, each 
producing 1,000 flasks or more, supplied 92 percent of the total 
output. The leading producers were as follows: 


State: County Mine 
Alaska Aniak district. .... Red Devil. 
California. San Benito. ...... New Idria. 
San Luis Obispo... Buena Vista. 
Santa Clara New Almaden. 
Sonoma Mount Jackson (including Great 
Eastern). 
10 ees Reed. 
Idaho Washington Idaho-Almaden. 
Nevada Humboldt Cordero. 


In addition to the foregoing mines, the following mercury operations 
produced 100 flasks or more: 


State: county Mine 
Arizona. Maricopa -- Pine Mountain (Turnbull claims). 
California Lake Abbott. 

Marin Edwards. 

Santa Barbara.... Gilbraltar. 

Santa Clara Guadalupe. 

Sonoma Culver-Baer. 
Nevada Esmeralda B&B. 

INV OC se see er Horse Canvon. 

Pershing Freckles (Roman). 
Oregon Malheur Bretz. 


These 18 mines produced 98 percent of the domestic mercury 
output. 


TABLE 3.— Mercury ore treated and mercury produced in the United States 1 


Mercury produced Mercury produced 
Or. quis o erae i Ore p 
Year treated Year treated 
(short (short Pounds 
tons) tons) Flasks | per ton 
ol ore 

1952-56 (average) .] 182, 852 17, 463 7.4 || 1059................ 275. 903 31. 109 8.6 
198577 X 309, 632 34, 058 8. 4 0 ee 258, 071 33, 106 9.7 
IJ 88 325, 155 37, 209 8.6 || 1961 282, 108 31, 633 9.2 


10 Excludes mercury produced from placer operations and from cleanup activity at furnaces and other 
ants. 
s 3 Until 1954, excludes some material from old dumps. 

Production of mercury from secondary sources rose 56 percent over 
1960. In addition to metal reclaimed from dental amalgam, oxide 


and acetate sludges, and battery scrap, mercury was recovered from 
a mercury boiler withdrawn from service. 


TABLE 4.—Production of secondary mercury in the United States 


Year Flasks 
ns et OS IA PI ͤ—A LO EL Te 5, 800 
„ ß 5, 400 
TO ͤͤ0A0ĩ˙ÄJJJJ%%d%à%dddd/ md Age ales 4, 950 
1860.5. alm Ac muc ⅛³ ðVWA mts ⁰ 8 5, 350 
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CONSUMPTION AND USES 


Consumption of mercury in industrial uses in 1961 was 55,763 flasks, 
9 percent above 1960; it was the largest since 1955 and was only 2 per- 
cent below the peacetime record of that year. The 1961 increase was 
due partly to the installation of a mercury-cell chlorine and caustic 
soda plant at Niagara Falls, N.Y., in the last half of the year. 

The use of mer in electrical apparatus rose 11 percent—the 
largest since 1954. ental preparations required 21 percent more 
mercury than in 1960, and pharmaceuticals took 45 percent more. 
Dee used in manufacturing mildew-proofing paint rose to 5,100 

asks. 

Agricultural uses and industrial instruments required less metal 
than in 1960; their respective consumption declined 14 percent. 
Slime-control compounds for paper and pulp manufacture declined 
11 percent. The first decrease since 1954 was recorded in the quantity 
of merc used to replace losses in manufacturing chlorine and 
caustic soda; consumption was 3 percent less in 1961. 


TABLE 6.—Mercury consumed in the United States by uses 


(Flasks) 
Use 1952-56 1957 1953 1959 1960 
(average) 

Agriculture (includes insecticides, fungl- 

cides, and bactericides for industrial 
purposes))0))))))0))))))0) 7, 560 6, 337 6, 270 8, 202 2, 974 
Amalga mation 202 244 248 265 255 
CA EE EE 814 859 816 065 1,018 
Dental preparations lll. 1,212 1,371 1,741 1, 828 1,783 
Electrical apparatus . 9, 502 9, 151 9, 335 8, 905 9, 268 

Electrolytic preparation of chlorine and 
eaustic od. 2, 697 4, 025 4, 547 5, 828 6, 211 
General laboratory use 992 894 968 1,110 1, 302 
SE and control instruments 1...... 6,777 6, 028 6, 054 6, 164 6, 525 

t: 

Antlfoulln ggg 716 568 749 993 1, 360 
Mildew proofing...................... U a) a 2, 521 2, 861 
Paper and pulp manufacture.............. (3) (3) q 4, 360 3, 481 
Pharmaceuticals 1. 655 1, 751 1. 430 1. 717 1. 729 
Redist illed LLL c cL es c.l. 8, 736 9, 703 9, 448 9, 331 9, 678 
% fics cis A 8 9, 925 11, 958 11,011 7, 706 2, 722 
¿A A 49, 788 52, 889 52, 617 54, 895 51, 167 


— — —————— SESS ES SPI 

1 A breakdown of the “redistilled” classification showed ranges of 48 to 39 percent for instruments, 12 to 
5 percent for dental preparations, 44 to 28 percent for electrical appuratus, and IS to 8 percent for miiscellane- 
ous uses in 1952-60, compared with 38 percent for instruments, 13 percent for dental preparations, 33 percent 
for electrical apparatus, and 16 percent for miscellaneous uses in 1961. 

2 Data not available. 

3 Included with agriculture. 


STOCKS 


Stocks of mercury held by consumers and dealers decreased 10 
percent in 1961. Withdrawal of metal from inventories for installing 
a chlorine and caustic soda plant was a factor in the lower stocks. 

Stocks held by producers, usually small in relation to total industry 
inventories, were the lowest since 1959 and furnished only 12 percent 
of the 1961 total. 

In addition to the stocks shown in table 6, 147,000 flasks, of which 
16,000 flasks were in the supplemental stockpile, were in Government 
stockpiles at the end of 1961. 

Mercury withdrawn from inventory for installation and expansion 
of chlorine and caustic soda plants and mercury-power boilers, together 
with other nondissipative uses actually constitutes a reserve of metal. 
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In the event these plants are dismantled or more urgent demands for 
mercury develop, this mercury can be reclaimed and used. At the 
end of 1961, 117,000 flasks of mercury was in use at chlorine and 
caustic soda plants and in boilers. The quantity in use at each type 
of installation may not be revealed. 


TABLE 6.—Stocks of mercury, Dec. 31 


(Flasks) 
Year Producer Consumer Total 
and dealer 
1952-56 (äeeragel 2-2 eee eee 23, 246 
/ cpt te EE 25, 388 
7/ö§Ä%Ü ] ”˙.ʃUᷣ́ͥ ³ ... 8 11, 274 
% ³oèWAWAAA. ⁵ ⅛ðèͤ EES 13. 580 
rt A E YP PD PS MERC 8 19, 761 
1 EE 17, 533 


The annual price of mercury in the United States averaged 6 per- 
cent less in 1961 than in 1960 and was the lowest since 1953. At the 
beginning of 1961, prices were $209-$212 a flask. Gradual reductions 
in the price began in February and continued to early August. Prices 
were $188-$191 a flask from August until about mid-October. After 
small increases in October and late November, mercury was quoted at 
$190-$193 a flask and was unchanged at yearend. 

Mercury was quoted in London at £69 10s. ($194.60) a flask at the 
beginning of the year. The price decreased immediately to £69 
($193.20) and remained the same through early April. Thereafter, 
prices declined gradually until mid-November when the quotation 
was £59 ($165.20). This price was maintained through December. 
The annual average price was £65 5s. ($181.87) a flask, 8 percent 
below the 1960 average. 


TABLE 7.—Average monthly prices of mercury at New York and London 
(Per flask) 


$209. 00 

Stee 208. 06 193. 19 
// A ——— ——— 8 206. 00 193. 03 
777 ↄ ↄG ſſſ ³ . 88 205. 00 189. 57 
See 203. 00 187. 20 

See 200. 46 186. 
EEE ðͥ 194. 80 182. 57 
Jö ⁰⁰ A 8 188. 17 177. 14 
4%b( BGB!3:r. k adea eaa eee 188. 00 175. 08 

188. 62 72. 


o 


me ses e sm e eme es ge em e eege gees rr roscar te 22 22 2 


! Engineering and Mining Journal, New York. 
2 Mining Journal (London) prices in terms of pounds sterling were converted to U.S. dollars by using 
average rates of exchange recorded by Federal Reserve Board. 


FOREIGN TRADE 


Imports.—Imports of mercury for consumption totaled 12,300 
flasks, 37 percent less than in 1960 and lowest since 1941. The 


5 Figures on U. B. imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.S. Department of Commerce, Bureau of the Consus. 
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chief suppliers were Spain (53 percent), Mexico (24 percent), and 
Italy (17 percent). Small quantities were received hom Canada, 
Chile, Colombia, Turkey, United Kingdom, and Yugoslavia. The 
Canadian metal was scrap mercury received duty free. 

Imports of various mercury compounds and preparations totaled 
90,700 pounds. Of the total, 54,894 pounds came from Spain, 26,327 
pounds from Yugoslavia, 9,478 pounds from United Kingdom, and 1 
pound from Israel. In addition, 24 pounds of vermilion reds were 
imported from Japan. 

Exports.—Exports of mercury, usually small, were the lowest since 
1951. Of the 285 flasks exported (357 in 1960), 61 flasks (87) went 
to Canada, 56 (none) to Japan, 28 (32) to Saudi Arabia, 23 (32) to 
Venezuela, 14 (9) to Philippines, 13 (40) to Colombia, 12 (4) to 
Brazil, and the remainder in lots of less than 10 flasks each to 22 
other countries. 


TABLE 9.—U.S. imports ! of mercury, by countries 


Country 1952-56 1961 
(average) 
North America: 
CANA di 24 
A AAA ee 10, 759 3.192 
Total osa atado 10, 859 3,216 
South America: 
PIII ³·ͤG—TuM‚ PR A A ¶ff f è PRA 
Clericis. le AA ee 25 139 82 
Seb.... A 3 115 
y A E E 951 244 345 599 199 
/ A EE 120 107 
Europe: 
III/ Eege 20, 776 2, 002 
Netherlands.......................... !!! AA E RA 
¡A ( 8 21, 224 6, 544 
United Kingdom 1134 2.50] (2) | 185 ) 
Fiess... ð ete d mex ax 5, 385 855 
Total EE 7, 532 8, 901 
Asia: 
e J.“! ⁰y ARA DE EESTE 
Fides de 0 ð· 88 
JT ³ A ĩ EAE 33). ĩð K 1e 200 
/ Vb. 288 1100} 500000 200 
Africa: Nl oro % 7) 8 
Oceania: 
A DE ]j½ ÿ ( , AA 


INOW e... ] ↄ y / > o et WEE 


—— gege eg gg e ee e we ap ege e ere ge ele se se ege ss le ae ee ees 444 —— oe e eege 


————À | | | | ET E 


—— — om e oo oe gr ege e 


! Data are “general” imports; that ts, they include mercury imported for immediate consumption plus 
material entering the country under bon 

2 Less than | flask. 

8 French Morocco, before Jan. 1, 1957, 


Source: Bureau of the Census, 


Reexports.—Reexports totaled 180 flasks compared with 317 flasks 
in 1960. Of the total reexported, 166 (268) went to Canada, and 14 
(none) to Brazil. 

Tariff.— The duty of 25 cents a pound ($19 a flask) on imports of 
mercury, in effect since 1922, was continued. 
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TABLE 10.—U.8. exports of mercury 


Year 


673 | $163, 043 || 19599 b)) $92, 255 


1952-56 (average) 
19 EE 483, 892 195) 82. 957 
1%. oar ssec ee 95,003 || 1o01 eee 70, 622 


Source: Bureau of the Census. 


TABLE 11.—U.S. reexports of mercury 


Year Flasks Value Year Flasks Value 
1952-56 (average)............. 081 | $203,055 || 19599 --------- 553 $119, 038 
ME 3, 275 763, 303 I.. ð K 317 62, 015 
Qu E 934 198, 501 19841ʒ4ʒñ4l. 8 180 33, 067 


Source: Bureau of the Census. 


WORLD REVIEW 


World production of mercury decreased slightly from 242,000 
flasks in 1960 to 240,000 flasks in 1961. Output was unchanged in 
Italy, but it decreased 8 percent in Mexico, 6 percent in Spain, and 
5 percent in the United States. Production increased 13 percent in 
Yugoslavia. 


TABLE '12.—World'production"of mercury by countries ! 


(Flasks) 2 
Country 1952-56 1957 1958 1961 
(averuge) 

North America: 
e secon eae eee RE 16, 908 21, 068 22, 556 318, 507 
United States: 17, 712 34, 625 38, 067 31, 662 

South America: 
Emile ic 323 078 8, 343 3 2, 900 
Colormbl8......-cecue e gu Aere ege oi 418 99 3100 
E Or. EE 112 411 1, 953 342, 700 
Auslrid ER 17 | RA A x iE 
Czechoslovakia 66. 725 725 725 i 725 
KEE 55, 510 63, 499 58, 712 x 55, 434 
Rumenig cllc cc- ers 367 394 353 3 400 
E/ AEAEE E EE 42, 062 54,750 55, 35 , 68 3 50, 000 
A AAA ĩð - 8 14. 100 23, 000 25, 000 25, 000 a 25, 000 
AT TL TEE 14, 231 12, 325 12, 270 13, 344 15, 954 
Eins AE 9, 500 17,000 17,000 23. 0CO 26, 000 
E A A acess 4, 220 4, 859 5, 720 5, 988 T 35,300 
Philippines..........................- 41,825 3, 363 3,321 3, ^20 3 3, 000 
"Turkey olus tee A es 436 120 1, 456 11,321 3 3 1,300 
Africa: Tunis aaa 194222 K 198 5 350 
World total (estimateꝛꝛ 178, 000 240, 000 246, 000 223, 000 240, 000 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

2 76-pound flasks. 

3 Estimate. 

* Average annual production 1955-56, 

5 Exports. 

$ Estimate according to the 48th Annual issue of Metal Statistics (Metallgesellschaft), except for 1961. 


Compiled by Augusta W. Jann, Division of Foreign Activities, 
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5 in Italy, which led mercury- producing countries in 
1960, was unchanged in 1961. Exports fell to 32, 700 flasks, the lowest 
since 1958. 

The manufacturing tax on mercury of 32,000 lire ($51.20) a flask of 
metal and 800 lire ($1.28) per kilogram of mercury in ore instituted by 
the Italian Government in November 1954 was abolished on December 
6, 1961. The tax had been suspended for 3 years beginning February 
1, 1959. 

TABLE 13.—Italy: Exports of mercury by countries ! 


(Flasks) 

Destination 1960 1961 Destination 1960 1961 
Australia 322 171 || Pakistan 41 1, 729 
Belgium-Luxembourg.......- 249 249 || Poland....................... 2 002 |. s ems 
Dati So wie Sees egene 481 44 || Sueden 435 84 
e ta een 351 |.........- Switzerland.................. 690 |.......... 
Czechoslovakia. .............- 400 870 || Union of South Africa 1. 120 61 
Denmark. 1. 801 200 || United Kingzdom............. 10, 658 6, 504 
e E ! 4, 453 4,009 || United States. 3,835 5, 557 
Germany, West 23, 946 10, 710 || Other countries..............- 215 1,215 
lll; nti eee sue 1, 047 980 EE 
Netherlands S Dette eh 52, 887 32, 680 
Nor! ⁵ĩðù eege 55 267 


1 This table incorporates some revisions. 
Compiled from Customs Returns of Italy by Bertha M. Duggan, Division of Foreign Activities. 


Japan.—Production of mercury in Japan in previous reports of this 
series has included output from imported materials as well as from 
secondary sources. The data in table 12 have been revised to show 
production from domestic ore only. 

Production from domestic ore falls far short of Japan’s requirements. 
Substantial quantities of imported ore and reclaimed metal are proc- 
essed. In addition, mercury metal is imported. Consumption by 
uses for 1957 to 1960 is shown in table 14. Data for January to 
September 1961 show that 28,400 flasks was consumed in all uses. 


TABLE 14.—Japan: Consumption of mercury, by uses 


(Flasks) 
Uso 1957 1958 1959 1960 

Agricultural uses §, 090 4, 263 2, 956 5. 091 
A A A A RED GE due 7, 955 8, 521 6, 914 6, 519 
/ ]o¹¹i&Ud ⁰ ¹umuͥ----.-. AR iR REC cen 10, S34 3, 053 7,105 15, 112 
O A A A A 1,157 901 770 519 
Industrial and control instruments .. 2,074 1,732 1, 669 1,742 
Inorganic chemicals... 22... 22. n 7,334 5, 349 6. 371 7,019 
Fi... Ee 459 380 343 501 
Phurrmnaceuticnlg. 222.22. 2.2: 2222 cce c eee cec cerae 115 95 73 74 
OTENU a EE 63 7 365 309 

TOU A A TA 35, 131 24,372 26, 616 37,309 


Source: State Department Dispatch A-643, Jan. 30, 1962. 


Mexico.—Mercury production in Mexico was 8 percent less in 
1961. Virtually all of Mexico's output is exported, with Japan the 
chief country of destination in recent years. 
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Taxes applicable to mercury in 1961 were as follows: 

Production: Ore and concentrate at 4.16 percent of official value of 
ee per kilogram ($5.4968), equivalent to a tax of 2.8583 pesos 
per kilogram ($0.228664); metallic mercury at 3.95 percent of 68.71 
pesos or 2.7140 pesos per kilogram ($0.217120). 

Exports: Ore and concentrate at 25.5 percent of official price of 
58.5266 pesos ($4.6821), or 14.9243 pesos per kilogram ($1.1947); 
metallic mercury at 5.1 percent of official value of 60.3764 pesos 
($4.8301), or 3.0792 pesos per kilogram ($0.2463). 


TABLE 15.—Mexico: Exports of mercury by countries ! 
(Flasks) g 


This table incorporates some revisions. 


Compiled from Customs Returns of Mexico by Bertha M. Duggan and Corra A. Barry, Division of 
Foreign Activities, 


Spain.—Spain ranked second among principal mercury-producing 
countries. Production averaged 53,000 flasks from 1957-61, com- 
pared with 42,000 flasks from 1952-56. More than 90 percent of 
total output came from the Almaden mine in Ciudad Real Province, 
and the remainder was supplied by two properties in León and 
Oviedo Provinces. 

Two new Pacific furnace units began operations at the Almaden 
mine. The addition of modern machinery resulted in metal recovery 
of more than 95 percent. "Treatment capacity was at an annual rate 
of 110,000 tons of ore.“ 


TABLE 16.—Spain: Exports of mercury, by countries 


(Flasks) 

Destination 1959 1960 Destination 1959 1960 
Australla-i EE 8 h,... SE 333 
RUSA rc 1, 356 505 || Netherlands.................. 7 3, 046 
Belgium-Luxembourg........ 300 519 || SWwW eden 1, 884 1, 001 
e eebe, 859 753 || Switzerland.................. 1, 511 
Ganda 851 1,251 || United Arab Republic 
Czechoslovakia 2. 352 1. 201 Chey pt) cui C 121 2, 279 
Finland is 656 581 || United Kingdom 6, 755 8, 191 
EFI a al 5, 130 6,609 || United Stute 14, 018 12, 322 
Germany ee 5, 119 10,910 || Other countries 126 430 
r A 500 —— — 
EI 1. 365 37 Polk! cowed 43, 019 52, 618 


Compiled from Customs Returns of Spain by Bertha M. Duggan and Corra A. Barry, Foreign Statistics, 
Division of Foreign Activities. 


4 Cefaratti, Anthony J. (commercial attaché). Data on Mercury Requested of the Foreign Service by 
the U.S. Tariff Commission: State Department Dispatch 536, Madrid, Spain, Feb. 28, 1962, 4 pp. 
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United Kingdom.—Foreign-trade data for the United Kingdom 
indicated that consumption of mercury declined 11 percent in 1961. 
Imports of metal, the largest since 1954, rose 7 percent, but reexports 
almost doubled the 1960 shipments. The new supply of mercury 
available for consumption totaled 18,600 flasks. 


1952-56 1957 


(average) 
EW 18. 500 18. 200 
Nep. hn EU ec QE T 4, 000 15, 300 
Apparent consumpti3n............- 14, 500 2, 900 


. Imports of mercury by countries are shown in table 17. 


TABLE 17.—United Kingdom: Imports of mercury by countries 


(Flasks) 
Country 1960 1961 Country 1961 

Chile AA 835 |........... BE EES 6, 437 

CHUN oe 1,517 || United States 100 

¡UN AN IS 11, 632 6,553 || Vugosla via 527 
% 2, 664 2, 953 || Other countries 2 

Netherlands 275 

6 77)7j7!! ͤ . 8 7. 585 na T6tél.. ais 27, 047 


Reexports of mercury in flasks were as follows: 


Destination: 1960 1061 
AA A ee 1, 023 
IL EE AI 186 184 
E EE 20 170 
Denmark esteril. ii ls 177 273 
France uc E bs 450 1,910 
Germany, Metteg Seeds 
Hong Kong EE 225 18 
A A AA A 8 1, 089 610 
tee EE 1 178 
La e EE 84 
Poland 22205254 JJ ]Vi "—— — sio: Un 
SJ EE 74 427 
Union of South Africa 285 343 
UN AMA EH 604 565 

AAA ⅛r,: E RE mA ES 4,298 8, 388 


Yugoslavia. —Production of mercury in Yugoslavia rose 13 percent 
in 1961 to the highest since the Idria mine was ceded to Yugoslavia 
at the end of World War II. This mine produced virtually the entire 
output for the country. 
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TABLE 18.—Yugoslavia: Exports of mercury by countries ! 


(Flasks) 
Destination 1960 1961 2 Destination 1960 1961 2 

o AA EIA 1,015 864 || United Kingdom. ............ 300 300 
Crechoslovak ia 300 || United States 1. 151 1. 000 
France 305 250 || Uruguay z N saec 
Germany, West 400. EEN DS Holen vex RES S 
Norwa eee 25 80 || Other countrles............... 2 
e . WEEN H 900 >>> ———— 
ie A 30 100 ell... 6, 854 3 3, 796 
Switzerland . 


1 This table Incorporates some revisions. 
2 January through June, inclusive, 


Compiled from Customs Returns of Yugoslavia by Bertha M. Duggan, Division of Forcign Activities. 


TECHNOLOGY 


Operations at the Red Devil mercury mine in the Kuskokwim 
Mountain, Alaska, were described.“ The paper discussed geological 
setting, mining and milling operations, and mercury recovery practice 
at one of the major U.S. producers. 

The results of research by the Bureau of Mines on leaching mercury 
ores and concentrates were published. The investigation showed 
that more than 95 percent of the mercury in flotation concentrates 
and up to 90 percent of the mercury in ores could be removed by 
leaching with sodium sulfide. The report also described leaching 
tests on ores and concentrates for separating arsenic and mercury. 

Investigations showed that rare earths could be separated by usin 
mercury electrodes.’ Separations were made on lanthanon pairs suc 
as KE and thulium-ytterbium. The Bureau 
of Mines studied the purification of cadmium sponge by amalgam 
electrolysis. 

Mercury was used as working fluid in converting nuclear or solar 
heat into electric power. Some applications of this energy conversion 
system will be space communications, heating and cooling space 
vehicles, and electric propulsion. 


$ Lyman, Robert F. The Red Devil Mercury Mine. Min. Eng., v. 18, No. 12, December 1961 


. 1337-1339. 
PR Town, J. W., R. F. Link, and W. A. Stickney. Caustic Sulfide Leaching of Mercury Products. Bu. 


Mines Rept. of İnv. 5748, 1961, 35 pp. 
? Chemical and Engineering News. Electrolysis Yields Pure Rare Earths. V. 39, No. 15, Apr. 10, 


1961, pp. 48, 50. 
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Mica 
By Milford L. Skow * and Gertrude E. Tucker ? 
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ESPITE a substantial decrease in the quantity of sheet mica 
D sold or used by producers in the United States in 1961, the total 
uantity of domestic sheet and scrap was the second highest on 
record. Although the Government purchasing program for domestic 
mica continued, sales of sheet mica larger than punch and circle 
were the lowest since 1953. However, the average value of this mica 
was the highest on record. Government inventories absorbed most 
of this mica, and industry continued to import most of its requirements 
of sheet mica. Consumption of total sheet mica (block, film, and 
splittings) declined, although consumption of film increased slightly. 
ales of scrap and ground mica increased moderately. Imports de- 
clined sharply, but exports were only slightly lower. 


TABLE 1.—Salient mica statistics 


1952-56 1961 
(s verage) 
United States: 
Domestic, sold or used by producers: 

Sheet mica..... thousand pounds.. 749 706 480 
Value............... thousands..| $2,316 $3, 308 

Scrap and flake mica 
thousand short tons.. 82 92 93 08 09 
hA DI PNE thousands..| $1,884 $2, 417 


Ground mica 2 


thousand short tons.. 85 98 103 
Vannes thousands. $5,229 $5 $5, 408 
Consumption, block and film 
thousand pounds..| 23,715 ; 868 2, 538 
alle thousands..| 3 $5,212 $3, 988 $3, 630 
Consumption, splittings 
thousand pounds.. 8, 992 5, 514 
er (EES thousands..| $6,117 $2, 266 
Imports for consumption 
thousand short tons.. 13 7 
Exports... do 3 4 
Consumption, apparent,‘ sheet 
thousand pounds..| 12, 382 8, 430 
World: Production................. do....| 285,000 | 320, 000 350, 000 355, 000 


1 Revised figure. 

2 Domestic and some imported scrap mica, 

3 Average for 1954-56. 

S SE mica sold or used plus imports of unmanufactured and manufactured sheet mica minus exports 
of shee ca. 


1 Commodity specialist, Division of Minerals. 
2 Statistical assistant, Division of Minerals. 
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LEGISLATION AND GOVERNMENT PROGRAMS 


Purchasing and research programs for mica were continued by 
various Government agencies under authority delegated by the Office 
of Civil and Defense Mobilization (OCDM) and the Office of Emer- 
gency Planning (OEP), which succeeded OCDM on September 22, 
1961. 

Defense Materials Service.—Government mica purchases at the three 
mica-purchasing depots of General Services Administration (GSA) 
yielded 224,148 pounds of full-trimmed muscovite block mica (over 
0.007 inch thick) in 1961. This was 15 percent less than the 263,987 

ounds (revised) obtained in 1960 and the lowest amount since 1957. 

ince its beginning in 1952, mica purchases under this program had 
been processed into 2,089,640 pounds of full-trimmed block and film, 
1,173,562 pounds of punch, 204,318 pounds of other sheet, and 16,720,- 
469 pounds of scrap. Ruby mica constituted 79 percent of the full- 
trimmed material. The quantity of Stained and better-quality full- 
trimmed muscovite block obtained from Government purchases of 
domestic mica in 1961 was 8 percent less than in 1960 and was equiva- 
lent to 14 percent of the total 1961 fabrication of muscovite block 
and film of these qualities, regardless of grade. 


TABLE 2.—Tield of full-trimmed muscovite ruby and nonruby block mica from 
domestic purchases by GSA in 1961, by grades, qualities, and depots 


(Pounds) 
Ruby Nonruby 
Depot and grade 
Good Heavy Good Heavy 
Stained | Stained | Stained Total Stnined | Stained | Stained Total 
or better or better 
Spruce Pine, N.C.: 
2 and larger...... 281 365 38 684 706 35 4 
" fm RU 632 084 86 1,7 1, 212 133 8 
EE 1, 680 1, 8*0 234 3. 764 2. 303 280 25 
AA 8, 732 13, 162 1, 486 23. 380 6,159 2. 000 184 
5 5. 458 6. 861 1, 075 13. 394 3, 089 1. 025 150 
3 22. 920 42, 936 6,303 72, 249 10, 125 8,572 1,075 
Total. 39. 703 66. 158 9. 312 115. 17 23. 594 12. 136 1. 446 
Franklin, N. H.: 
2 and larger 18 137 R6 241 27 33 6 
FVV 35 269 205 £09 84 8 
e AR EN n 600 428 1, 188 185 192 45 
AS 418 3, 588 2,305 6,3'1 830 910 220 
DM 291 2. 232 1, 869 4,492 336 547 179 
„„ ee soe 1, 838 11, 2:0 10, 041 23, 129 1, 169 2, 449 811 
'TTotil.. ocn 2, 67 18, 166 15, 034 35, 870 2, 646 4, 215 1, 269 
Custer, S. Dak.: 
2 and larger...... 17 201 87 305 15 6 2 
EE 31 333 174 538 52 64 14 
F ES 711 7 1,111 7 93 21 
| cp 319 3, 179 1, 703 5, 201 384 7 120 
S 204 1. 713 992 2, 909 185 238 7 
FC 832 7, 619 5. 040 13, 491 638 1. 346 
Total 1. 456 13. 756 8. 343 23. 555 1. 350 2. 234 600 


—— — Lë —ä—Eůͤꝛ Pe | —ö—g. 2 ͤ —ͤuö— pÜn UE 
— eme ILL ——— 


Grand total.. 43,828 | 98,080 | 32,689 | 174,598 | 27,590 18,585 3, 375 
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The industry-Government program authorized by OCDM for re- 
search on substitutes for strategic natural mica ended at midyear upon 
completion of the two remaining contracts, those with the Federal 
Bureau of Mines and General Telephone & Electronics Laboratories, 
Inc. Although ultimate goals were not reached in this 5-year re- 
search program, several promising advances were made. These in- 
cluded a practical ae for producing reconstituted synthetic-mica 
paper e an inorganically bonded synthetic-mica laminate that ini- 
tial tests indicated had better electrical and thermal properties as a 
vacuum-tube spacer material than natural mica. 


TABLE 3.—Yield of byproducts from domestic purchases of ruby and nonruby 
mica by GSA in 1961, by depots 


(Pounds) 
Ruby 
Depot 
Miscella- Punch Scrap Miscella- 
neous ! neous ! 

Spruce Pine, N.C............. 2, 436 11, 778 783, 789 1, 402 
Franklin, N.H................ 2, 098 18. 483 2t 3, ^26 505 
Custer, S. Daaa k 1, 346 13, 232 223, 969 184 
Total... loc esc 5, 880 43. 403 1,301,284 2, 091 


1 Includes some full-trimmed thins and block of lower than Heavy Stained qualities, 


Commodity Credit Corporation.—Muscovite block and film were re- 
ceived under one new and eight carryover barter contracts for sur- 
plus agricultural commodities, Phlogopite splittings were received 
under two new and three chtryovet contracts, but muscovite splittings 
and phlogopite block were not contracted for or received under the 
barter program. . | 

Office of Minerals Exploration (OME).—One mica exploration contract, 
with a value of $5,000, was in force at the beginning of the year; it 
was terminated in February. No additional contracts were exécuted. 


DOMESTIC PRODUCTION 


Sheet Mica.—The quantity of sheet mica sold or used by producers 
declined 16 percent to the lowest total since 1919. Gales of sheet mica 
larger than punch and circle decreased 11 percent in quantity. How- 
ever, their value increased 4 percent; it was the third highest on 
record. Most of this larger sheet mica was sold to the Government 
at above-market prices under the domestic mica purchasing program. 
North Carolina continued to be the principal producing State and 
increased its proportion of the total quantit of sheet mica reported 
to 81 percent from 75 percent in 1960. New Hampshire, South 
Dakota, and Maine were other significant producers. 

Scrap and Flake Mica.—Demand for scrap and flake mica sold or used 
Di grinders increased slightly to a tonnage surpassed only in 1959. 

he value, however, decreased 10 percent. North Carolina again was 
the principal producing State, furnishing 54 percent of the tonnage. 
Georgia, Alabama, and South Carolina also provided substantial 
quantities. 
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Ground Mica.—Sales of ground mica increased 4 percent in tonnage 
and 5 percent in value. The total tonnage was 88 percent dry-ground 
and 12 percent wet-ground mica. Production was reported by 29 
Shatin in 26 dry-grinding and 9 wet-grinding plants. Carolina- 

outhern Mining Co., Inc., moved its dry-grinding operation from 
Kingsport, Tenn., to a new plant at Boonford, N.C. International 
Minerals & Chemical Corp. abandoned its Greeneville, Tenn., opera- 
tions, sold its dry-grinding plant at Erwin, Tenn., to Harris Clay Co., 
Spruce Pine, N.C., and produced dry-ground mica at Spruce Pine in 
the plant formerly operated by DeWeld Mica Corp. Deneen Mica Co. 
of Connecticut, Middletown, Conn., and Clute Corp., Pojoaque, N. 
Mex., were listed as producers of dry-ground mica for the first time. 


TABLE 5.—Ground mica sold by producers in the United States, by methods of 
gri 


nding 
Dry-ground Wet-ground Total 
Year 
Value Short Value Short Value 
tons (thousands) tons (thousands) tons (thousands) 
1952-56 (average).............. 71,914 ! 13, 167 85, 081 $5,229 
I Ee ia ANA AA at 83.025 4,015 13, 307 2, 058 96, 332 6, 073 
JJ! 85. 106 3. 715 12, 423 1. 845 97, 529 5. 560 
P · . tbe atin doen 93. 121 3. 516 14. 059 2. 130 107. 180 5, 646 
1 . AA 186. 225 13. 422 12. 121 


1. 771 1 98, 346 
i 102, 695 


C 511 f 12. 176 


1 Revised figure. 


CONSUMPTION AND USES 


Sheet Mica. Consumption of sheet mica (block, film, and splittings) 
in the United States dropped 11 percent, from 9 to 8 million pounds. 
Domestic fabricators used 2.5 million pounds of muscovite block 
and film mica, almost 9 percent less than in 1960 and the lowest quan- 
tity reported since the canvass of block and film mica fabrication was 
Initiated in 1952. The quantity fabricated in 1961 comprised 4 percent 
Good Stained or better qualities, 48 percent Stained, and 48 percent 
lower than Stained. Electronic applications, principally tubes, con- 
sumed 67 percent of all qualities and 97 percent of the Stained or 
better qualities. Fabrication of muscovite block and film mica was 
reported by 21 companies in 9 States. New Jersey had the most plants 
(five) and 99 9 8 10 percent more fabrication despite the overall 
decline nationally. Almost half the block and film mica fabricated 
domestically in 1961 came from 13 companies in three States—New 
Jersey (5), New York (4), and North Carolina (4). At yearend, 
1 Electric Co. closed its mica fabricating operations at Marion, 
Fabricated mica films were used in mass producing a line of dipped 
capacitors with high reliability.? 
he downward trend in consumption of mica splittings continued, 
with declines of 11 percent in quantity and 21 percent in value. Mus- 
covite splittings from India continued to constitute the bulk of the 


3 Electronic News. Electro Motive's Mica Capacitors for Minuteman. V. 6, No. 262, 
May 22, 1961, p. 44. 
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consumption (96 weight-percent); the remainder was principally 
phlogopite splittings from the Malagasy Republic. Eleven companies 
fabricated splittings at 19 plants in 9 States. Operations at four 
plants—two in New York, one in New Hampshire, and one in Massa- 
chusetts—required 3.4 million pounds of splittings, 62 percent of the 
total consumed. 

Built-Up Mica.—Splittings were fabricated domestically into various 
forms of built-up mica principally for use as electrical insulation. 
For the second consecutive year, segment plate was the form in strong- 
est demand (31 percent of the built-up mica). Next came tape (23 
5 and molding plate (19 percent). Total consumption of 

uilt- up mica declined 17 percent in quantity and 15 percent in value. 
Continental-Diamond Fibre Co. moved its facilities for producing 
built-up mica from Valparaiso, Ind. to Newark, Del. 

Reconstituted Mica.—This sheet material, which is formed by paper- 
making procedures from specially delaminated natural mica serap; 
continued to displace built-up mica in many applications and_also 
served as the dielectric material in special capacitors. General Elec- 
tric Co. at Coshocton, Ohio, and Samica Corp. (subsidiary of Minne- 
sota Mining & Manufacturing Co.), at Rutland, Vt., continued to be 
the only producers. Total output was moderately greater than in 1960 
and the largest since production began in 1952. 

Synthetic Mica.—Commercial production of synthetic mica flake, 
principally for use in glass-bonded mica ceramic materials, was con- 
tinued by Electronic Mechanics, Inc., Clifton, N.J., and Synthetic 
Mica Co., Division of Mycalex Corp. of America, West Caldwell, N.J. 
Electronic Mechanics, which became Molecular Dielectrics, Inc., late 
in the year, processed its crude product to recover high-quality crystals 
of synthetic mica, 1 square inch or larger. These crystals were split 
and punched for commercial use in special electronic tubes and other 
applications. 

Other Substitutes for Sheet Mica —Farnam Manufacturing Co., Inc., 
Asheville, N.C., continued to manufacture a heat-resistant electrical- 
insulation product from finely divided natural mica bonded with 
water-soluble aluminum phosphate. The material was produced as 
rigid sheets in various shapes. 

Ground Mica.—Demand for ground mica was up 4 percent; virtually 
all the increased tonnage was registered for dry-ground mica. Sales 
of wet-ground mica, used principally in manufacturing paint and 
rubber, were essentially unchanged. Dry-ground mica was used prin- 
cipally in roofing materials, paint, joint cement, and well-drilling com- 
pounds. Paint, joint cement, and well-drilling compounds took greater 
proportions of the total ground mica than in 1960, 
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TABLE @.—Fabrication of muscovite ruby and nonruby block and film mica and 
phlogopite block mica, by qualities and end-product uses in the United States 
in 1961 


(Pounds) 
Electronic uses Nonelectronic uses 
Variety, form, and quality Grand 
Capacl- Gage glass total 
tors Total and cLa- | Other | Total 
phragins 
Muscovite: 
Block: 
Good Stained or better. 650 20. 710 25, 041 5,851 90 5, 941 31, 882 
Btained................. 6,320 | 1,155,411 1,171, 293 1,299 | 37,350 | 38,659 | 1, 209, 952 
Lower than Stained 1... 251 417,040 441,475 376 |776, 188 |776,564 | 1,218,039 
Tota case a uae 7,221 | 1,593, 161 1, 638, 709 7,526 813. 638 [821,164 | 2, 459, 873 
Film: l 
First quate NEE A AAA / EP ER 4. 820 
Second quality ........ 53.699 8 53. (9 90 90 53. 789 
Other quality.......... /c %/%ͤ% .. A 2. 375 
Total S. 60, 894 |.........- 90 90 60, 984 
Block and film: 
Good Stained or bet- 
ee 59, 169 84, 460 5,251 180 6,031 00, 491 
Stained 3............... 8, 695 1, 173, 668 1,299 | 37,360 | 38,059 | 1,212, 327 
Lower than Stained.... 251 441,475 376 |776, 188 |776, 564 | 1. 218. 039 
GIAI ²˙· 68, 115 | 1,593, 161 c 1, 699, 603 7, 526 |813, 728 |821,254 | 2, 520, 857 
Phlogopite: Block (all qual- 
FOS AAA AA CRA PA e 8 14, 782 | 14, 782 14, 886 


1 Includes punch mica. 
3 Includes First- and Second-quality film, 
3 Includes other-quality film. 


TABLE 7.—Fabrication of muscovite ruby and nonruby block and film mica 
in the United States in 1961, by qualities and grades 


(Pounds) 


Form, varlety, and quality 
No. 4 No. 5 No. 514 No. 6 Other! Total 


and larger 
Block: 

ane: 
ood Stained or better............ 4, 620 3, 555 2, 133 10, 357 581 21.246 
S.... TTT 8. 618 32. 891 98. 457 053, 272 89, 523 | 1, 182, 761 
Lower than Stained............... 90, 362 111, 233 82, 230 355, 017 386, 222 | 1,025, 069 
e ER 103, 600 147, 684 182. 820 1. 318, 646 476.326 | 2. 229. 076 

Nonruby: 

Good Stained or better............ 1,618 8514955356 . 80 10. 636 
Sine ews vous 1, 361 3, 062 1, 760 20, Is, 27,191 
Lower than Game. — 15, 184 24, 380 11, 450 2,539 139, 417 192, 970 
Ot ³˙Ü5%ꝛq; auo Ram d Id 18, 161 28, 856 13, 210 31, 153 139, 417 230, 797 
Film: pace O ani MEA (ae aired 

Ve 
irst quallt v 1. 055 925 75 465 A 3,320 
Second qualit 222222 21, 992 17, 048 9. 914 4,10 J.a... 53, 064 
AM A EE E E, E 2,375 2, 375 
A --- TTT 23, 047 17. 97 10. 789 4. 575 2. 375 58, 759 
Nonruby Ma eg, e | Ra Md 
J ³˙wwꝛ¼³m REN RELA OER, EE, DCS 1,000 500 |.......... 1, 500 
Seng 35 165 Ly), A E asin e. 725 
A ͥ SA AA PE MA x 
Poll AAA 35 165 1. 525 500 — 2. 225 


1 Figures for block mica include all smaller than No. 6” grade and “punch” mica. 
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TABLE 8.—Consumption and stocks of mica splittings in the United States, by 
sources 


(Thousand pounds and thousand dollars) 


Canadian Malagasy ! Total 


Quantity] Value | Quantity; Value | Quantity] Value Quantity] Value 


Consumption: 
1952-56 (average) $5, 567 9678 | 28508 8,992 | $6,117 
777777 d Oa 3,617 4 508 4 401 8, 037 4,018 
177A 2, 437 1347 4 283 5, 329 2,720 
E ENEE 3, 098 4 497 4 366 7,223 3, 464 
LI. APA AA PR A DEE 2, 642 312 233 6, 227 2,875 
/ ³ . AAA A 2, 077 240 189 5, 514 2, 266 

Stocks Dec. 31: 
1952-56 (average) 4, 961 € 401 6 323 6, 698 5, 298 
Le aa 2, 594 4325 4 267 5, 267 2, 861 
IBN. EEN 1, 801 4316 4 253 3, 708 2,059 
y A AA EE 1, 387 347 244 3, 404 1, 631 
jo Ee AA A 1, 270 316 212 3, 155 1, 482 
. A PA 1, 212 273 167 2, 819 1,379 


1 Formerly Madagascan. 

2 Average for 1952-54. 

9 Includes Canadian, 1955. 

4 Canadian included with Malagasy. 
Average for 1952-53. 

* Includes Canadian, 1954-56. 


TABLE 9.—Built-up mica * sold or used in the United States, by products 
(Thousand pounds and thousand dollars) 


1960 1961 
Product 
Quantity Quantity Value 

Molding DI ecc. corr rd 1,015 737 $, 089 
EES 1, 210 s 1,177 2, 921 
Henter E EEN 510 7 (2) 
Feile el ias 541 489 1. 578 
FT ͥͥ A ᷣͥT Kk ĩð 3 css 1.117 892 4, 522 
A AA - E AS E 177 517 1.677 

o AAA A cussed 4, 570 3, 812 12, 387 


3 Consists of alternate layers of binder and irregularly arranged and partly overlapped splittings. 
3 Included with ‘* Other“ to avoid disclosing individual company confidential data. 


TABLE 10.—Ground mica sold by producers in the United States, by uses 


1960 1961 
Use 
Short tons Value Short tons 
(thousands) 
LAG 135, 647 ! $080 32, 696 
Weill E EE 569 85 675 
PUG PA AA VUE EON es 10, 020 785 6, 987 
Pal EE 1 20, 464 11,799 22, 559 
PISE sss... ] ẽ³ 2 488 58 4x6 
Welding rodS AA IO) (3) 1,029 
ARA A 13, 189 837 17, 994 
N A AA 10,775 299 13, 951 
Other uses 3... .... Lc c ll ce e eres 8 17, 194 1350 288 
M tect es ⁰yͥ ³ we 1 98, 346 ! 5,193 102, 695 


Revised fiyure. 

2 Included with “Other uses.” 

3 Includes mica used for molded electric insulation, house insulation, Christmas-tree snow, annealing, 
welding rods (1960), and other purposes. 
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STOCKS 


Government inventories of sheet mica accumulated under the stock- 
piling program contained 60.5 million pounds of strategic and 9.5 
million pounds of nonstrategic block, film, and splittings. Quantities 
of all strategic categories except phlogopite Blok exceeded maximum 
objectives. 


TABLE 11.—Government inventories of sheet mica, December 31, 1961 


Inventory, thousand pounds 


Commodity Percent of 
Category National | Defense Credit maximum 
(strategic) | Produc- | Corporation | Total objective 
stockpile | tion Act and 
supplemental 
stockpiles 
Muscovite block: 
Stained A or better, meeting stockpile 
specifications. n 6, 655 2, 666 764 10, 085 121.5 
Stained A or better, below stockpile 
speeciſleations 222 347 3, 623 135 4, 105 6 
Stained B or Jower...................... 4,642 AA — 8 4. 642 1 
TOM eS 11, 644 6, 289 899 18, 832 (1) 
Muscovite film: 
First and Second quality, meeting stock- 
pile specifications 1, 195 103 63 1, 361 104.7 
First and Second quality, below stockpile 
speeiſicat ions JJ KK 8 24 (n 
Third quant — J 88 513 1 
TO ⁰ dd 1,732 103 63 1, 898 (1) 
Muscovite splittings 40,030 |.........- 4, 826 44, 856 211.6 
Phlogopite block: 
Meet ing stockpile specifications......... 16.0 MA GEN 16.6 97.8 
Below stockpile specifications. 200:5 AN pee Siewert 206. 5 (1) 
! AAA e VE 223. 1 (1) 
Phlogopite splittings. ....................... 3,074 |.......... 1, 154 4, 228 248. 7 


1 No established objective, 
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PRICES AND SPECIFICATIONS 


Purchases of domestically produced full-trimmed and half-trimmed 
mica by the Government continued throughout 1961 at prices estab- 
lished in May 1956. Government prices for hand-cobbed mica had not 
changed since 1954; however, purchasing procedures had varied. 

Prices offered by mica fabricators for domestic clear sheet mica 
(roughly trimmed), as reported in E&MJ Metal and Mineral Markets, 
were unchanged from 1960 and ranged from 7 to 12 cents a pound for 
the smallest size (punch) to $4 to $8 a pound for 6- by 8-inch sheets. 
Stained or electric mica was quoted 10 to 20 percent lower. 

The price of North Carolina scrap mica was listed throughout the 
year at $20 to $30 a short ton, depending on quality. Quoted prices 
for dry- and wet-ground mica held steady, unchanged since March 
1956. 

A second duplicate master set of visual standards for muscovite 
block mica was selected, framed, and presented to the Government of 
India by the American Society for Testing Materials. 


TABLE 12.—Prices for domestically produced muscovite mica purchased by the 
Government in 1961, by grade and quality 


Price per pound 


Price 
Full-trimmed Half-trimmed r 
Form, variety, and grade ei ort 
on 
Good Heavy He»vy 
Stained | Stained | Stained | Stained | Stained 
or better 
Block and film mica: 
Ruby: 
No. 3 and largerkõr‚. $12.00 N. 002 
No. 4and No. 5. 5. 00 1.0 EE 
No. 5% and No. 66 3. 00 o 
Nonrubv: 
No. 3 and larger 9. 60 6. 400. 
No. 4 and No. 55. 4. 00 3 A 
No. 514 and No. 6 2. 40 1:00 looo sace 
Hand-cobted mica: 
Vis oe tes nn DEE AA hd GE, AA $600 
1 APA A A PAS COM: nent 540 


TABLE 13.—Price of dry- and wet-ground mica in the United States in 1981 * 
(Cents per round) 


Mica Value Mica Value 
Dry-eround: W ct-eround Continued 
Paint, 100-8. 4 Paint or lacquer, 325-mesh, less than 
Plastic, 100-1resh.... ll acc eee 4 carlots to. dee 9 
Roofine, 20- to 80-1nesh............... 3 Reh EE 8 
Wet-rro nd: 3 Rubber, less than carlots 2 8*4 
IUD ee eee ke 614 VS AAT EE 8% 
Riotite. less than enrlots 22 7M Wallpaper, less than carlots . 9 
Paint or lacquer, 325-1uesh ...........- 8% White, 5-10 mieron -- 8K 
White, 5-10 microns, less than carlots 3. 9 


1 In bags at works, carlots, unless otherwise noted. 

? Freight allowed east of the Mississipp! River, one-half cent higher west of the Mississippi River, 1 cent 
higher west of the Rockies. 

3 Exwurehouse or freight allowed east of the Mississippi River. 


Source: OU, Paint and Drug Reporter. 
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FOREIGN TRADE * 


Imports.—Total quantity of mica imported for consumption was 34 
percent lower than in 1960, as all major categories registered de- 
creases. Most of the reduction in tonnage (85 percent) resulted from 
the decline in imports of scrap mica. The total value of mica imports 
declined only 4 percent, largely because the quantity of imported 
manufactured mica, which had a high unit value, was virtually un- 
changed from 1960; it accounted for 76 percent of the total value. 

Exports.—Total exports of mica and mica products were 5 percent 
lower than in 1960. Ground-mica exports, which continued to con- 
stitute most of the total, were essentially unchanged, but exports of 
other manufactured mica declined 22 percent. Exports of unmanu- 
factured mica were the smallest since 1954 but had the highest value 
since 1943. 


Table 14.—U.8. imports and exports of mica 


Imports for consumption Exports 


Uncut sheet and Scrap Manufactured Total All classes 
Year punch 


Valne | Short | Value | Short | Valne | Short | Value 
Pounds | (thou- | tons | (thou. | tons | (thou- | tons (thou- 
sands) sands) sands) sands) 


— —— | — — | —ÀÁ—— | ——— [| — | ——á—— ——— 


1952-56 (average). .] 2.123. 200 |1$3.616 | 6,357 1 $88 | 5,194 |! $4, 631 | 12,613 |1 $12. 335 
195 


5 1,841,840 [3.359 5, 187 57 | 5,766 | 15,031 | 11,874 (1 11, 447 
A Seege 2. 181,056 | 5,092 | 4,064 48 | 5.053 |. 8,560 | 19,208 | 13.910 
1 3,220,412 | 7,305 | 4.641 57 | 5.042 | 7,413 | 11,206 | 14. 805 
I 1,088,021 | 2.08] | 6,240 86 | 4.266 | 6,133 | 11,050 8, 306 
II 852,648 | 1,841 | 3,024 41 | 3,823 | 6,116 | 7,273 7. 998 


1 Data known to be not comparable with ot her years. 
Source: Bureau of the Census. 


* Figures on imports and exports compiled by Mne B. Price and Elste D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, frum records of the U.S. Department of 
Commerce, Bureau of the Census. 
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TABLE 16.—U.S. exports of mica and manufactures of mica, by countries 


Manufactured 
Unmanufactured 
Year and destination Ground or pulverized Other 
Pounds Value Pounds Value 
1952-56 (average) 390. 126 $55 044 8. 900, 359 | $327, 094 
1 EE EEN 911, 006 46. 391 9. 256, 170 520. 557 541. 432 983, 446 
e EO A TRE UR 1. 030. 540 90. 565 8, 108. 367 430, 820 254, 198 695, 626 
1959 ee we A 8 1, 072, 894 126. 492 8, 015, 109 450, 425 216.010 652, 863 
1 ¹˙ð¹wu. A ead 701, 926 113, 101 7,077,245 370, 217 243, 354 828, 461 
ZE e e o E Le 
North America: 
UU EE AMAIA PA EE, -R 216 416 
British Honduras 35. 000 SHAT AA WEE 
Canvas. EE 50, 502 15, 322 2, 552, 110 125, 328 116, 651 405, 832 
F AS ͤ :: IA AAA AA 58 791 
C suo ouo EE EE, DEE „ 47 266 
Dominican Repahe . ; 182 520 
Quatemala............- MEN para ctore ESA n 58.292 / ³·àA A 
ll dere ca 9.455 8.137 28, 000 980 932 2. 143 
Meese occ ee 46, 155 24, 436 287, 009 14, 956 11, 961 59, 165 
Nit erlands Antilles 129 513 
Serie Er DEET, ⁰⁰y A 16. 200 1, 601 174 528 
Trinidad and Tobago 2.2. el 79, 641 r.. ASA 
South America: 
Ren , ß EE A 3, 741 12, 717 
TEEN 12, 000 / EE WEE, EES 
Bri. IA EE, We AAA GEES 1. 500 3. 57 
IC ⁵˙ AAA 397 QUA S888 ⁰¶ J 4. 250 18. 934 
Colon bla 234 590 131, 000 7, 183 2, 840 7,670 
FU focuses S BEE 74, 400 a] AAA BEEN 
Pen. scc AN 275 030 220, 004 10, 965 5, 001 7. 456 
(Biet AY EEN A el c, Soke ce v 470 3, 828 
Venezuela. 517 1. 300 503, 083 26, 981 3, 002 10, 923 
Europe: 
Beleium- Luxembourg 430, 945 24, 443 313 2. 040 
RI EA ͤA ͤmꝛ . AA ˙ÄͤNl VP 615 3,851 
IN A Ae eraty 6,070 3. 608 456, RNO 34. 662 7,60) 17,752 
Germany, West 7,130 11, 789 877, 859 51, 785 3, 110 18, 139 
Fl A AAA IA 20, 000 1. 0 AA 
PV ⁰ eye ees 110, 473 4. 146 500, 000 28. 557 3,533 13. 356 
Netherlands 17, 879 25, 549 22. 196 1,778 1, 180 4, 256 
Fh DEE VE 18, 400 1. 218 253 0650 
FI A AS A 22, 000 1, 650 216 918 
„„ ß AIN AAA MEER NE 7, 446 34, 216 
Switzerland 10. 000 10. 000 39, 800 3. 084 456 068 
xà United Kingdom 14, 077 16. 672 49, 519 4, 335 1, 911 9, 575 
8: 
Arabia Peninsula States, n. e. c. 25, 000 r! EE 
Hong Kong 4. 000 e E 240 302 
A ⁰ ee e aD 1. 007 2. 530 21. 000 1,577 308 1,478 
Io te ele Bo inse 4. 600 366 34 410 
J IS EE EN 24. 500 2 155 EPA PA A 
I A RAE AA 42. 4*0 ^ NES US UE AO ME 
TTC DECR AREE 13, 683 11, 333 132, 000 6, 402 ], ?05 3, 215 
I ATR 7s EEA E RIA SA PRE sud eC 618 975 
NAAA A AO 12, 000 606 1... ee EN 
EE AAA AA EA 7, 480 56% PRA 
AN S AAA II PA IRA ENE 79 216 
Philippines................. 20. 000 1. 800 66, 781 5, 810 1,214 2,451 
00 /(((( MIA AS A RA 201 510 
DAL Wl IRAN A REI A AI ß 328 2. 141 
/ ĩèê ⁵ n e h . 8 440 1, 505 
Africa: 
Congo, Republic of the, 
and E E OR e Te LEE, EE, lr ls 332 1. 636 
Somali Republic... : 222.2 | LL lc loco 50. 000 III A 
Union of Sonth Africa 9, 157 1, 400 106, 145 5,729 4, 980 19, 636 
United Arab  kepublic 
(Egypt 0 PAN A A 49, 200 4, 306 379 2. 375 
Oceania: 
/ ⁰¹Ü¹Ü¹ mm ·˙¹ APA EE 81. 350 2. 874 1, 896 9, 882 
Now Zealand , A A 30, 050 FVV 
NC ˙¹A as 334, 211 141. 730 7,074,550 395, 563 190, 320 689, 238 


Source: Bureau of the Census. 
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WORLD REVIEW 


World production of mica was 3 percent less than in 1960. De- 
creased production of marketable scrap mica by India and the Union 
of South Africa contributed most to the change, but this decline was 
counteracted somewhat by increased production of scrap mica in the 
United States. 

Angola.—Exports of sheet mica continued to decline in 1959 and 
1960; exports of scrap mica increased sharply in 1959. 

Data on exports for 1961 were not available; however, it was known 
that both production and exports were reduced drastically as a result 
of 1 5 unrest. 

Australia. State subsidies to Australian mica producers were dis- 
continued at the start of 1961, making continuance of the country's 
mica mining industry highly improbable. Australia was consuming 
. US$224,000 worth of Good Stained and better mica in grades 3, 
4, and 5.5 

Canada. Establishment of grinding facilities in western Canada re- 
versed the declining trend in the Canadian mica industry. Georgian 
Minerals Industries, Ltd., Calgary, British Columbia, was producing 
dry-ground mica from a muscovite schist near Cedarside in east central 
British Columbia.“ The schist was mined by strip methods,’ pulver- 
ized in a high-speed hammermill, and screened into six size ranges. 
A small quantity of quartz and garnet was removed from each fraction 
by air separation.? 

India.— Based on activity during the first 6 months, exports of mica 
in 1961 were expected to drop about 20 percent from 1960. The de- 
creased demand for Indian mica, particularly by buyers in the United 
States and the United Kingdom, resulted in the closing of a large mica 
factory and a number of small ones.? 

The only micanite plant in India was established in conjunction with 
the Second Five-Year Plan for developing electrical industries, prin- 
cipally the Bhopal heavy electrical machinery plant. The Bhopal 
project, originally scheduled to begin operating by March 1961, was 
not expected to begin production betore the end of 1962, and it was 
not expected to reach full production before March 1966. "Thus, 
Indian production of micanite for the next 2 or 3 years was expected 
to be negligible because the price of the product was reportedly too 
high to compete in the world market.!? 

A fund of 1.85 million rupees (US$388,500) for research on uses 
of scrap mica was made available by the Indian Government to the 
Central Glass and Ceramic Research Institute in Calcutta. The Insti- 
tute previously had conducted studies on the use of ground mica in 
the rubber and paint industries.“ 


s Rhodesian Mining and Engineering. New Mineral Export Markets Found in Australia 
and Japan. V. 26, January 1961, p. 27. 

$ Department of Mines and Technical Surveys, Ottawa. A Preliminary Survey of the 
Canadian Mineral Industry in 1961. Miner. Inf. Bull. MR 66, February 1962, p. 41. 

? Canadian Mining Journal (Gardenvale, Quebec). Georgian Minerals First Mica Ship- 
ment. V. 82. March 1961, pp. 118-119. 

* Mining Journal (London). Canada’s New Mica Industry. V. 256, Feb. 24, 1961, 

a 23 


p. w ës $Ä, 
® Mining Journal (London). Indian Mica Industry in Doldrums. V. 256, May 5, 1961, 
. 514. 

1? Bureau of Mines. Mineral Trade Notes. V. 53, No. 5, November 1901, p. 37. 

12 Work cited 1n footnote 10. 
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TABLE 17.—World production of mica by countries 


(Thousand pounds) 
Country ! 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 
Canada A de 
p 17170 JVFCCFCͥͥ 0 e ee 134 18 90 49 176 
Ed A A cus I AAA A EE 
Groun VVV 1,005 910 | 1,380 &91 791 2, 061 
EH 247 174 734 
United "States (Sold or used by 
producers): 
9 J ees 749 661 70 57 
A A aa ca. 164,524 | 184,876 | 186,604 | 203,082 | 195, 824 198, 088 
South 1 
Argentina 
SC ———————ꝓ 1. 140 212 1192 3 403 3 397 3 4965 
x Bra J 3, 792 3, 205 2, 829 2, 553 4, 440 4 4, 400 
pe: 
Austria MA A 134 216 817 194 
Norway, including scrap.............. 2, 831 4, 630 4, 519 12, 059 5,732 6, 114 
E AAA 2 1 „ 
Sweden: 
Bee. S ///» uA A ĩ m WEE 
Gerl y eee gees 474 421 220 441 4 440 
ugosla via 7 18 37 4 4 4 9 
/ A / AVV AAA 
India (exports): 
H ³WAA AA 4. 314 4. 411 5.243 6. 305 5, 216 4, 592 
Splitt > 13, 371 16, 645 14, 264 15, 988 17, 469 18, 208 
S AAA 21, 195 27, 915 24, 001 29, 242 42, 829 35, 355 
Taiwan, Including Y ens 31 11 (8) %) 
Africa: 
pi a a ds 44 46 46 20 26 4 
E and splittings............... 463 844 716 384 721 46 
Males Kopubie Qhlogopite): ze PA a 1 
a Bloc epublic ogopite): 
ek EE 88 139 269 223 
ia 373 A IA 1, 329 1, 984 2, 154 1, 922 1,973 2, 002 
orocco: 
A Re uds a EE A A A EE 
BOTAN. eege L/ EG, 
Mozambique, includin ores Reeg 13 66 4 7 2 2 
Rhodesia and Ny Federa- 
tion of: 
Northern Rhodesia, Sheet 13 1 2 1 (o. A 
Southern Rhodesia: 
anie Pe du uu EA QUE lacu eH 71 108 106 90 64 
Sout: West Akica- J ĩ ᷣͤ ³W¹ . KV r 
u 
Seen E ARR eer e,, A 
FAS EE DEA ) 13 { 154 ) 882 E ees 
Tangan yik (exports): 
A cORSERISILS 172 148 108 117 179 196 
7085 JJ ͤ ͤ E AA A E A emos. 
EE 214 |.......... 24 111 8 
Union 9595 South Africa: 
Sheet A 7 2 2 0 2 
z uten dau i Rara ed b, 423 4, 220 4, 255 8, 752 7, 284 b, 441 
Oceania: Australia 
A EO 64 87 31 83 3 
JJC K que QREE 40 8⁴ 187 185 
Dame.. 1.042 1. 455 1. 080 1. 100 1, 252 1, 138 
World total (estimate)! 3................- 285,000 | 320,000 | 315,000 | 350,000 | 365,000 355, 000 


1 Mica is also produced in China, Rumania, and U.S.S.R., but production data are not available; esti- 
mates for these countries are included in the total. 

3 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
Wie estimated figures are included in the detail. 


Exports. 
‘ Estimate. 
3 Including reclaimed from dumps. 
0 Less than 500 pounds. 
? One year only, as 1956 was first year of commercial production. 


Compiled by Liela 8. Price, Division of Foreign Activities. 
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TABLE 18.—Angola: Exports of mica 


1959 1960 


Quantity Value Quantity Value 


—— — —— — — 


Sheet ner. 8 pounds. 20,020 | US$45, 000 17, 471 US$48, 000 
Scrap Dio... ³ðſ/ short tons.. 1, 243 42, 000 658 13, 000 


Source: U.S. Consulate, Luanda, Angola. State Department Dispatch 249, Apr. 11, 1961, p. 2; State 
Department Dispatch 243, Apr. 16, 1962, p. 1. 


Japan.—Requirements for block mica were reported to be about 900,- 
000 pounds per year. Most of this amount had been coming from 
India, and interest was expressed in Rhodesia as an alternate source 
of supply. 

Malagasy Republic.— Exports of mica totaled 1,358 tons valued at 
US$1.65 million, compared with 1,095 tons valued at US$1.17 million 
in 1960. The United States share in 1961 was 542 tons valued at 
388852, 000.9 

The state of the mica industry was summarized briefly,'* and the 
history of mica production and trade, a description of deposits, and 
the economics of the industry were reported in detail.“ 

Rhodesia and Nyasaland, Federation of.—No mica production was re- 
ported from the Aries mine, which produced sheet mica in 1960. The 
mine is located in a pegmatite 4.5 miles north of Lundazi on the 
Nyasaland border. Total production in the Federation dropped in 
1961. Mica exports totaled 65,044 pounds of sheet valued at US$42,524 
and 57,334 pounds of scrap valued at 881,235.16 

A comprehensive report was published on the geology of the main 
mica mining areas in Southern Rhodesia and included information 
on mica production from individual mines.“ 

Tanganyika.—ln Eastern Province, two well-established African 
mica mining cooperative societies were the most important producers; 
they sold their output to licensed dealers in Morogoro. Many more 
claims were established in 1961, and a continued increase in produc- 
tion was expected, There was renewed interest in the Pare Mountains, 
y two cooperative societies were being formed. The Anglo Amer- 

an Vuleanized Fibre Co. obtained a mining lease on 44 square miles 
in the Tungwa area of the Southern Highlands Province and exported 
considerable low- quality mica to its factory i in the United Kingdom.“ 


12 Work cited In footnote 5. p. 31. 
BUS. Embassy, Tananarive, SE Republic. State Department Dispatch 167. 
Apr. 18, 1962, enel. 2. p. 1: enel ou 
14 Murdock, T. G. es of Mineral Development in the Malagasy Republie. U.S. 
Operations to the Malagasy Republic, Miner. Rept. 13, Oct. 10, 1951. p. 4. 
—— The Phlogoplte Mica Resources and Industry of the Maln easy Republie. 
v Operations Misslon to the Malagasy Republic, Miner. Rept. 14, Oct. 20, 1961, 19 pp. 
UN, Consulate, Joh: dia Union of South Africa. State Department Dispatch 4. 
Apr. 28, 1962, p. 12. encl. 3. 1. 
E Wiles, J. W. The Goles y of the Miami Mica Field (Urungwe District). Southern 
Rhodesian Geol, Survey Bull. 51, 1981, 235 p 
i8 South African Mining € Engineering Jonrna! (Johannesburg). Tanganyika Mining 
Industry in 1961. V. 73, Mur. 30, 1002, pp. 672-615. 
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Exports of sheet mica for 1958-61 were as follows: 


Year: Thousand pounds Value (thousanda) 
OS SS ia ie ea oe AT 107. 6 US$142. 8 
1999... 116. 4 145. 6 
0 ˙¹1Üww; E 181. 4 218. 4 
IO ooo e 194. 8 246. 4 


Source: U.S. Embassy, Dar es Salaam, British East Africa. State Department Dispatch 
137. Mar. 7. 1962, encl 2, p. 5. 


Union of South Africa.—Exports of scrap mica have continued near 
the same level since 1958; the largest portion went to the United 
Kingdom. 


TABLE 19.—Union of South Africa: Production, local sales, and exports of mica 


Sheet, Serap, Grourd, 
pounds | short tons | short tons 


Production: 
E RR AN ea ³ðdqß?d⅜ 492 1881 O . 
tt NEE A AO 1, 724 3. 350 
I.... A ETEA EEA N ATA 1,311 2,720 948 
Local sales 
E EE A A ³ EEN 427 ORS A 
EN DEE ðvd ĩð v ĩͤ v Ek TAO 1,033 40 
Ill EE 135 509 382 
Exports 
BOG EE, ⁰⁰ʒ ER 904 34 
1900 % f/h%h% s ] è ↄ KEE EE 981 425 
9j... ewe oie 497 894 566 


Source: U.S. Consulate, Johannesburg. Union of South Africa. State Department Dispatch 390. Mar. 
14, 1962, p. 3. Bureau of Mines. Mineral Trade Notes. V. 43, Dece:n ber 1961, p. 34. 


Values of mica exports in 1961 were US$718 for sheet, $27,300 for 
scrap, and $68,400 for ground. 

The South African Mica Process Co. (Pty.), Ltd., opened a 
US$168,000 plant to grind mica by a fluid-energy process. Scrap 
mica for the operation was being mined in northern Transvaal. Ex- 
ports were expected to take about 90 percent of the plant's 3,300-ton- 

er-month capacity; Australia, the United Kingdom, and the United 
tates were to be the major markets.!? 

U.S. S. R.—Neither known reserves nor existing capacity for produc- 
ing mica was considered adequate for supplying mica consumption, 
which was expected to double or triple during the Seven Year Plan 
period. Mapped muscovite deposits were nearing exhaustion, and 
phlogopite reserves were considered insufficient. For a number of 
years, imports of mica into the U.S.S.R. from India had been large.” 


TECHNOLOGY 


Natural Mica.—The geology, exploration methods, and reserves of 
the Kings Mountain, N.C., pegmatites. from which miea is recovered 
as a byproduct, were discussed in detail.“ 


1 E&M Metal and Mineral Markets. South African Mica Plant. V. 32, Aug. 3, 1961, 
p. 10. Chemical Trade Journal and Chemical Engineer (London). Micro Mica Powders. 
1861 Oct. 6, 1961, p. 761. Bureau of Mines, Mineral Trade Notes. V. 53. December 
1961. p. 35. 

m Kowalewski, Jan. Mineral Resources Development in U.S.S.R.—II, Nonmetallic Min- 
ernl«. Min. J. (London), v. 257, July 28, 1961, " 94. 

"Kesler, T. L. Exploration of the Kings Mountain Pegmatites. Min. Eng. v. 18, 
September 1981, pp. 1082-1088. 
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The location, geology, and quality of mica deposits in the Sudan 
were described.” 

Attempts to grow large single crystals of muscovite by hydro- 
thermal methods resulted in conversion of the muscovite used as seed 
and nutrient material to kalsilite and an iron-rich mica.? The reac- 
tions of muscovite with quartz were examined as a function of 
temperature at pressures up to 20,000 atmospheres. 

Various dielectric properties were determined and reported for 
Indian clear ruby SI green micas at temperatures up to 400° C.* 
Phlogopite sheet mica was heated between 300° and 950° C with a 
simultaneously applied voltage of 200 to 1,000 volts per mil to im- 
prove its dielectric properties.?“ A study was made of the dielectric 
properties of phlogopite mica as a function of pressure at various 
temperatures and frequencies. The changes in dielectric properties 
were explained on the basis of swelling of the mica oye which 
was accompanied by formation of lens-shaped spaces filled with water 
vapor. Dislocations lying in the cleavage plane were observed in 
thin fragments of muscovite mica by examination with an electron 
microscope. Surface forces in mica crystals were discussed in one of 
a collection of articles on surface phenomena. Fission products in 
irradiated muscovite, biotite, and synthetic fluorphlogopite were found 
to be related to the ease of thermal decomposition of the mica." 

An instrument was devised to measure rapidly the apparent optic 
angle of mica to an accuracy of 5 minutes of arc; samples up to 2 
inches in diameter could be measured.*! 

Studies were continued on relations between mineralogical composi- 
tions of clay materials, their thermal reactions, and ceramic properties 
of the fired products. Mica was found to be particularly important 
because of its role in forming a glassy component.?? 

Sheet mica was used as the substrate for determining shear strength 
of boundary lubricants,* as a window in high-temperature vacuum 
apparatus,“ and as an aid in studying interference figures.“ 


2 Kabesh, M. L. Mica Deposits of Northern Sudan. Republic of the Sudan Geol. Sur- 
vey Bull. 7, 1960, 55 Ph; 

* Kopp, O.C, L. A. Harris, and G. W. Clark. The Hydrothermal Conversion of Mur- 
covite to Kalsilite and an Iron-Rich Mica. Am. Miner., v. 46, May-June 1961, pp. 719-727. 

3 Segnit, R. E., and G. C. Kennedy. Reactions and Melting Relations in the System 
Muscovite—Quartz at High Pressures. Am. J. Sci., v. 259, April 1961, pp. 280-287. 

.55 Mandal, S. S., and R. N. Dhar. Electrical Properties of Green and Ruby Mica at 
Elevated Temperatures, Central Glass € Ceram. Res. Inst. Bull. (Calcutta), v. 7, 
October-December 1960, pp. 161-170. 

28 Endicott, H. S., and G. E. Ledges. Method of Producing a Dielectric Material. U.S. 
Pat. 2.977.193. Mar. 28, 1961. 

2 Afanas'yev, N. V., and M. S. Metsik. (The Nature of Dielectric Loss in Crystals of 
Tor opite Mica.) Izvestiya vysshikh uchebnykh zavedenty, Fizika, No. 8, 1961, pp. 

* Silk, E. C. II., and R. S. Barnes. The Observation of Dislocations in Mica. Acta 
Metallurgica, v. 9, June 1961, pp. 558-562, 

22 Metsik, M. 8. (Role of Surface Forces in Mica Crystals.) Issledovaniya v oblast! 
poverkhnostnykh sil; sbornik dokladov na konferentsil po poverkhnostnym silam, aprel. 
1960 g, Izdvo AN SSSR, Moscow. 1961, pp. 66-73. 

» Bonfigholl, Guido, Andrea Ferro, and Adriana Mojon{. Electron Microscope Investi- 
gation on the Nature of Tracks of Fission Products in Mica. J. Appl. Phys., v. 32, 
December 1961, pp. 2409-2502. 

3 Ruthberg, Stanley, Telescope for Measurement of Optic Angle of Mica. NBS J. Res., 
v. 65C, April-June 1961, pp. 125-128. 

2 Brindley, G. W.. D. M. Maroney, and S. Udagawa. High-Temperature Reactions of 
Clay Mineral Mixtures and Their Ceramic Properties; Shrinkage and Porosity in Relation 
to Initial Mineralogy. J. Am. Ceram. Soc., v. 44. January 1961, pp. 42-47. 

2 Bailey, A. I. Friction and Adhesion of Clean and Contaminated Mica Surfaces. J. 
Appl. Phys., v. 32, August 1961, pp. 1407-1412. 

Lindsay, W. B. Improved Demountable High-Temperature Mica Vacuum Window. 
Rev. Sci. Instr., v. 32, June 1961, pp. 748-749. 
* Craig, D. B. The Benford Plate. Am. Miner. v. 46, May-June 1961, pp. 757-758. 
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Data on properties of mica and mica products were reported.** 

The process used by a plant in Connecticut to recover byproduct 
mica by flotation was described.*” 

A study of the differential] thermal analysis of various particle sizes 
of dry-ground ruby and green mica demonstrated that the temperature 
of the endothermic peak indicating dehydroxylation was constant for 
all particle sizes. However, an exothermic peak appeared at a lower 
temperature and grew in area with decreasing particle size 2 

A machine for recovering mica from an aqueous slurry consisted es- 
sentially of a reciprocating sluice trough with transverse riffles, ad- 
justable inclination, and selectively altered compound motion.“ The 
combined action of a revolving drum with a helical conveyor attached 
to its innner surface and a flow of water countercurrent to the move- 
ment of material by the conveyor was used to separate clay and other 
fine material from mica flakes.** A method of recovering mica flakes 
from a silt deposit utilized an inclined flat screen, a pair of trommel 
screens, and a series of hydrocones.** In a proposed process for 
eliminating clay slimes from ground mica, the feed material was 
passed through a sizing stage wherein the undersize material, prefer- 
ably minus 40-mesh, advanced to the next stage and the oversize ma- 
terial returned to the grinding step. One of various specified water- 
soluble selective differential flocculating reagents was added to a slurry 
of the undersize particles in water to flocculate the mica and disperse 
the clay slimes. The dispersed slimes were removed as the overflow 
Ge a thickener, and the flocculated mica was collected as the under- 

ow.*? 

Ground mica was autoclaved in the presence of water and lime to 
produce a voluminous, reactive filler material.“ 

The deterioration of gas-turbine engines through deposits and cor- 
rosion was reduced or prevented by the addition of ground mica to 
the fuel.** More uniform air injection rates were obtained in an in 
situ combustion process by partially plugging the more permeable 
layers of the carbonaceous stratum with a composition which included 
fine mica as an essential ingredient.** 


* Materials in Design Engineering. Materials Selector Issue; Other Nonmetallics. V. 
54, Mid-October 1961, p. 282. 

17 The Glass Industry. Feldepar by Flotation. V. 42, December 1961, pr. 694-695. 

3 Bishui, B. M., R. N. Dhar, and S. 8. Mandal. Studies on Indian Mica: Effect of Dry 
Grinding on DTA. Central Glass € Ceram. Res. Inst. Bull. (Calcutta), v. 8, January- 
March 1961, pp. 15-22. 

9 Gobattl, E. F. Concentrator. U.S. Pat. 2,989,184, June 20, 1961. 

40 Nelsler. C. E, Jr. Method and Apparatus for Separating Fine Material from Coarse 
Material. U.S. Pat. 2,081,414, Apr. 25, 1961. 

Se Ge J., and W. O. McClintock. Method of Treating Ores. U.S. Pat. 3,008,574, 

ov. , 1961. 

4 Lancaster, H. A., and W. A. Faust (assigned to Kings Mountain Mica Co.). Process 
for Eliminating Clay Slimes from Mica. U.S. Pat. 3,009,570, Nov. 21. 1961. 

a Schrauf, Robert, and Artus Frez (assigned to Deutsche Gold- und Silber-Scheldeanstal 
vormals Roessler). Process for the Production of Light Voluminous Silicates. U.S. Pat. 
2.981.599. Apr. 25, 1961. 

4 Mackenzle, K. J., E. L. Howe, and R. T. Roles (assigned to The British Petroleum Co. 
Ltd.). Operation of Gas Turbine Engines and Fuel Compositions for Use in Said Engines. 
U.S. Pat. 2,993,336, July 25, 1961. 

“ Hurley, J. R., and H. Purre (assigned to Phillips Petroleum Co.). Inverse In Situ 
Combustion Process. U.S. Pat. 3,010,512, Nov. 28, 1961. 
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Ground mica was used as an additive to a cigarette-tobacco mixture 
to reduce the burning temperature * and as an ingredient in composi- 
tions for joint cement“ and water-repellant coatings for masonry.“ 

Wet- and dry-ground mica, aluminum paste, and stainless steel flakes 
were tested alone and in various combinations as platy extenders in 
alkyd paints having otherwise nonplaty e Wet-ground 
mica was especially beneficial to gloss and color retention and vapor- 
sealing properties of the paint film.* Extension of the studies to 
alkyd paints containing only platy pigments showed that the prop- 
erties of the paint films were influenced by the shape, size, and manner 
of distribution of the platy pigments.” 

Ground mica, in combination with cristobalite and other substances, 
was added to a solution of thermosetting silicone resin in an organic 
solvent to produce an insulating coating able to withstand 1,000? F.“ 
A method of applying an Un UNE coating to various articles used 
a mixture of ground mica and epoxy resin as the coating composition.“ 

Synthetic Mica.—The Bureau of Mines continued research on syn- 
thetic mica at the Norris Metallurgy Research Laboratory, Norris, 
Tenn. Principal studies were concerned with the growth of large 
single crystals, the synthesis of mica from cheap and abundant raw 
materials, the production and evaluation of various synthetic micas, 
and the preparation of machinable dielectrics by devitrification of 
synthetic mica glasses. 

In the final 6 months of the U.S. industry-Government program to 
develop substitutes for strategic natural mica, the search continued for 
& suitable sheet material that could be obtained from synthetic mica. 
Efforts were directed principally toward inorganic bonding of sheets 
reconstituted from fluorphlogopite flakes and toward improving the 
properties of films formed from water-swelling micas. 

Synthetic-mica research under a 3-year contract with the U.S. Air 
Materiel Command was concluded by Synthetic Mica Co., Division 
of Mycalex Corp. of America. The objective of the program was to 
develop a commercially feasible technique for producing large-area, 
single crystals of fluorphlogopite mica. Methods tried were not suc- 
cessful in producing commercially usable crystals in significant 
quantities. 

A method was proposed for using seed crystals to induce the growth 
of large, usable SE fluormica crystals from melts in erucibles.“ 
Synthetic fluormica crystals also were produced by precipitation from 


* Markes, M. M. Cigarette Filler Composition. U.S. Pat. 2,999,775, Sept. 12, 1961. 

ag Prasienskl, M. P., and J. W. Gill (assigned to United States Gypsum Co.). Dry 
Cement Composition Comprising Cellulosic Thickener Gelled Starch, Polyvinyl Alcohol and 
Polyvinyl Acetate. U.S. Pat. 3,003,979, Oct. 10, 1961. 

t Liberthson, Leo. Water Repellent Masonry Coating Composition SE Filler 
Coated with an Organopolysiloxane and Masonry Coated Therewith. U.S. Pat. 3,006,875, 
Oct. 31, 1961. 

% Wet-Ground Mica Association, Ine. Comparative Studies on Different Platy Pigments 
in Alkyd Patnts: Pt. I, Using Platy Pigments in Connection with Other Pigments. A 
Bull. 44, January 1961. 7 pp. 

50 Comparative Studies on Different Piaty Pigments: Pt. II, Using Platy 
Pigments in Connection. with Other Picments. Tech. Bull. 45, June 1961, 11 " 

A Anderson, E. P. (assigned to Engelhard Industries, Ine.) Composite Mater and 
Method for the Production Thereof, U.S. Pat 2.984.590, May 16, 1961. 

53 Matter, R. C., and J. R. Sims (assigned to General Motors Corp.). Electrical Appara- 
tus and Method of Making Same U.S. Pat. 2.997.776. Aug. 29, 1961. 

M Nobutoshi. Method of Producing Synthetic Mica. U.S. Pat. 3,009,785, 

ov. 21. 1961. 
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molten lead borate.“ A process was devised for producing | fluormica 
bodies by solid-state reaction of the compacted ingredients.“ 

The disposal of fission products in a solid having long-term weather- 

roof properties was effected by incorporating the radioactive material 
m fluorphlogopite mica by solid-state reaction with the mica batch.“ 

Soviet scientists continued research on synthetic mica. Production 
of fairly large sheets on a laboratory scale was reported at the Institute 
for Rare Metals, Irkutsk, Siberia. Progress also was reported on 

“novomycalex,” mica ceramics, and foamed mica." 

Built-Up and Reconstituted Products From Natural and Synthetic Mica.— 
Phlogopite mica bonded with silicone resin was used as layer insula- 
tion in power transformers built to operate as high as 1 1009 Fa A 
machine was devised to classify mica splittings to uniform thickness, 
split oversize material, and form a layer of thin splittings ready for 
bonding.“ 

A process was described for preparing a sheet material from mica 
flakes and various organic polymers.” 

Mica paper and various articles made therefrom were bonded with 
an acid aluminum phosphate solution.“ Reconstituted mica also was 
used as transformer insulation“ and to form rigid tubing for various 
electrical insulating applications.© Phosphori ic acid dissolved in 
methyl alcohol was the bonding agent for producing readily punchable 
and shapable insulation from reconstituted synthetic mica. 

Details were reported of research on reconstituting synthetie mica 
by electrophoresis and recrystallizing of the deposited flakes. 6 Ina 
Déeg method for bonding reconstituted synthetic mica by crystal- 

zation, the sheets were hot-pressed after addition of a small quantity 
of an inorganic salt as volatile at the temperature employed.°* Water- 
swelling synthetic mica was used in preparing extremely thin platelets 
of synthetic mica and in forming flexible shects there from. c 

Techniques similar to those used in molding plasties were adopted 
for fabricating elose- tolerance insulators from glass-bonded mica.“ 


54 Moore, R. E. Method of Making Synthetic Mica. U.S. Pat. 3,011,868, Dec. 5, 1961. 
290 Beaver, W. W. Process of Producing Synthetic Mica. U.S. Pat. 2,987,777, June 13, 


61. 
Pe oe Prane Di J. Process of Containing and Fixing Fission Products. U.S. Pat. 3,000,072, 
t. 1 
y Wirukhortov, a (Synthetic Mica Substitutes (U.S.S.R.). Ekonomicheskaya Gazeta, 
une 
88 Materials ih Design Engineering. New Developments in Electrical Insulation Materials. 
V. 53. March 1961, pp. 107-110. 
9 Badg er, R. A. lake Mica Separating and Film Forming Machine. U.S. Fat. 2,989,- 
111, June 20, 1961. 
«€ Holmes, R. J. (assigned to General Aniline & Film 3 Inorganic Papers and 
Methods of Making Same. U.S. Pat 3.005.745. Oct. 24, 1961 
€ Thompson, J. S. (assigned to Oxalloy Co. Solution and Method for Treating Mica 
Products And Articles Produced Therefrom. S. Pat. 2.979.108, Apr. 11. 1961. 
€ Technical Survey. Electrical, Electronic Developments. V. 17, Mar. 25, 1961, p. 204. 
e Electronic News. Set Thin Wall Rigid Mica Paper Tubing. V. 6, July 24, 1901, 


3. 
b. McCarthy, J. P. and R. Greer, Jr (assigned to Synthetic Mica Corp). Method of 
Manufacturing Inorganically Bonded Micaceous Sheet. U.S Pat. 2.096.106, Aug. 15, 1961. 
€ McNeill, W., J. E. Chrostowski, and T. J. Mackus. The Electrophoretic Deposition 
and Recrystallization of Synthelc Fluorphlogopite Mica. J. Electrochem. Soc., v. 108, 
August 1961, pp. 763-767. 
e Hatch, R. A., and H. R. Shell (assigned to the U.S. Department of the Interior). 
Recrystallizing a Reconstituted Fluorine-Mica Sheet. U.S. Pat. 3.008.802, Nov. 14, 1981, 
e Hntch, R. A. (assigned to Minnesota Mining and Manufacturing Co.). Synthetic 
Mica Flakes and Structures, U.S. Pat. 3,001,571, Sept, 20, 1961. 
* Ceramic Age. Transfer and Compression: Molding of Glass-Bonded Mica. V. 77, 
March 1961, pp. 28-81. 
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A method of producing glass-bonded mica with a firmly bonded metal 
surface was announced.“ A glass-bonded synthetic mica suitable for 
high-service temperatures, 5 configurations, and applications 
requiring high reliability was described and compared with earlier 
types of glass-bonded mica.'? A ceramic embedding compound with 

ood mechanical and electrical properties consisted of synthetic mica 

onded with a silicic acid gel. After curing at 325° F, the material 
was usable from minus 70° to plus 2,000? F.“ 


* Electronic News. Glass-Bond Mica plating Technique. V. 6, Oct. 9, 1961, p. 69. 

" Materials in Design Engineering. Moldable Ceramoplastic 1,200* F is Vacuum-Tight. 
V. 53, March 1961, pp. 14-15. 

71 Fabian, R. J. Electrical Insulations for 930° F Plus. Materials in Design Eng. 
v. 54, October 1961, pp. 100-107. 


Molybdenum 


By Horace T. Reno? and Mary J. Burke ? 


A 


OMESTIC exports of molybdenum ore and concentrate totaled 
D over 35 million pounds of contained molybdenum in 1961, ex- 
ceeding the record established in 1960 by 18 percent However, 
domestic production of molybdenum was slightly less than in 1960. 
The Federal Bureau of Mines expanded its molybdenum research 
poetan and sucessfully completed a project to produce molybdenum 
y reducing the oxide with magnesium. 
The prices quoted for molybdenite concentrate and primary prod- 


ucts increased for the first time since 1958. 
n" 


TABLE 1.—8alient molybdenum statistios 


(Thousand pounds of contained molybdenum and thousand dollars) 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 
Concentrate: 
Producida 55, 683 60, 753 41, 069 50, 956 68, 237 66, 563 
Shipments FC 56. 479 57, 143 42, 328 51, 603 69, 941 (6, 753 
Uu é $57, 619 $67, 605 $50, 371 $61,655 $87, 406 $87,925 
Consumption 84, 014 38, 954 31, 298 37, 448 44, 784 42, 261 
Imports for consumption 68 27 IIC. 8 
Stocks, Dee. 31: Mine and plant 5, 830 7,093 5, 643 4, 074 3, 481 2, 815 
Primary products: 
Fan, de 33, 195 37, 698 30, 915 36, 204 43, 427 41,050 
Spann 33, 008 36, 865 31. 359 41, 658 45,777 47, 106 
Consumption 2 33, 497 30, 016 24, 231 32,350 31, 537 32, 621 
Stocks, Dec. 31: Producer 3, 333 5, 789 8, 081 5, 958 8,157 5,074 
World: Production 67, 200 76, 200 57,100 70, 300 89, 500 87, 900 


1 Largely estimated by Bureau of Mines. 


21956 only. 
DOMESTIC PRODUCTION 


Domestic production of molybdenum in concentrate decreased 
slightly from the record high established in 1960. Molybdenite con- 
centrate was produced at the Climax Molybdenum Co. Climax mine in 
Colorado and was recovered as a byproduct from copper mining in 
Arizona, Nevada, New Mexico, and Utah. Molybdenum oxide was 
recovered from tungsten ores in California. Mine shipments of con- 
tained molybdenum were 5 percent less than the je ord established in 
1960. 


1 Assistant chief, Branch of Ferrous Metals. 
3 Statistical assistant. 
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Molybdenum Mines.—According to the annual report to stockholders, 
the Climax mine operated 24 hours per day 7 days per week through- 
out the year. The mine produced 12,274,000 tons of ore, an average 
of 34,000 tons per day, setting a new record. However, Climax mined 
lower grade ore and, consequently, recovered about 1.5 million pounds 
less molybdenum in 1961 than in 1960. The company announced that 
it was undertaking a $20 million expansion program to increase out- 
put? Development work on the Ceresco Ridge ore body was con- 
tinued to the point where full-scale preparation for production was 
justified. The ore there is to be mined by a system of loading and 
haulage drifts on the same elevation as the Phillipson level, but from 
a separate adit. Present plans are to produce 5,000 tons a day from 
this area beginning in 1965. 

In its 1961 annual report Climax conservatively estimated its total 
reserves at 462 million tons, including 19 million tons in the Ceresco 
Ridge deposit. 

The Molybdenum Corporation of America, in a progress report to 
the stockholders on October 26, 1961, stated that since June 30, 1960 
it had drilled 16,000 feet in 29 diamond drill holes and had completed 
5,500 feet of tunneling at the Questa property in New Mexico. Thir- 
teen of the drill holes and about 30 percent of the tunnels were in an 
enriched zone in the northeast ore body. The company also acquired 
additional contiguous property by location to expand its land holdings 
in the area to approximately 10 by 2 miles. 

Byproduct Sources.—Molybdenum obtained as a byproduct was 28 per- 
cent of the total quantity produced in the United States in 1961. As 
in 1960, most of the byproduct producers shipped molybdenite con- 
centrate rather than converting it to the oxide before shipment. 


CONSUMPTION AND USES 


Domestic consumption of molybdenum contained in concentrate was 
6 percent less than in 1960 but was again at a comparatively high rate, 
owing mainly to shipments of molybdic oxide for export. By far 
the largest part of the concentrate was converted to molybdic oxide. 
This oxide which was used either for direct addition to steel or to 
produce virtually all other primary molybdenum products. 

End-use molybdenum consumption was essentially the same as in 
1960 except for a 28-percent increase of molybdenum in stainless steel 
and a 37-percent decrease of molybdenum powder to make wire, rod, 
sheet, and other shapes. The increased use in stainless steel may 
have been more apparent than real, inasmuch as concerns reporting 
end-use consumption statistics to the Bureau of Mines classified a large 
part of the molybdenum used in steel as used in “other alloys.” T ko 
“other alloy” classification could have included, in 1960, a substantial 
quantity of alloys of the stainless steel type, which in 1961 were classi- 
fied pa y In the stainless category. Nevertheless, the use of 
molybdenum in engineering steel and steel alloys did increase in 1961 
compared with 1960, apparently because of wider applications, em- 
phasizing the newly developed alloys. 


8 Mining Record. Climax Molybdenum Launches $20 Million Expansion Program in 
Colorado Rockies. V. 72, No. 9, Mur. 2, 1961, p. 3. 
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TABLE 8.—Production, shipments, and stocks of molybdenum products in the 
United States 


(Thousand pounds of contained molybdenum) 


Product 


Molybdic oxide ! Metal powder Ammonium 


molybdate 
1960 1961 

Received from other producers 24 177 

Gross production during year 2,216 1, 085 

Used to make other products listed here.. 2. 014 841 

Net production 172 244 
Shipments: 

Domestle consumer 247 370 

ok...... 1 8 A A 2 

9G7.;ö.·¹·ͤ ⁵%⅛Ü 00 8 247 372 

Producer stocks, Dec. 31 129 179 


Product—Continued 


Sodium molybdate Other 2 
1960 1961 1960 1961 

Received from other producers 45 12 3 5 
Gross production during year 476 416 9, 301 6, 094 
Used to make other products listed here 2 lee 
Net production 2-2-2- 476 444 9, 297 6, 994 
Shipments: 

Domestic consumers A 492 453 8,151 8, 800 

doe EE 3 2 1 428 430 

„ 8 494 454 8, 579 9, 230 

Producer stocks, Dec. 31 114 115 , 798 1, 565 


Includes molybdic oxide briquets, molybdie acid, and molybdenum trioxide. 
A Includes ferromolybdenum, calcium molybdate, phosphomolybdic acid, molybdenum disulfide, and 
pellets. 


The decline in end-use consumption of molybdenum powder, on 
which the reported statistics are considered reliable within 5 percent- 
age points, indicates less use of molybdenum as a refractory in aero- 
space equipment designed to operate in an oxidizing environment at 
e above 2,500° F., compared with the other refractory 
metals. 

Among the newly developed molybdenum-bearing alloys, type 433 
corrision-resistant stainless steel (molybdenum and copper additions 
to standard type 430 stainless) developed by Allegheny Ludlum Steel 
Corp.“ and rhenium-molybdenum alloys, produced commercially by 
Chase Brass & Copper Co., Inc., received the most publicity. Type 
433 stainless was eveloped for use in the automotive and appliance 
industries. The rhenium-molybdenum alloys were developed for use 
in electronic and electrical equipment and in space satellites and 
guided missiles. They will partly replace pure rhenium in many 
components, 


* American Metal Market. New Ludlum Stainless, Moly, Copper Among Ingredients. 
V. 68, No. 37, Feb. 24, 1961, p. 4. 
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TABLE 3.—Consumption of molybdenum products by end uses in 1961 
(Thousand pounds of contained molybdenum) 


Molyb- Ferro- | Molyb- | Ammo- | Sodium 
End use dic molyb- | denum nium molvb- | Other 8 Total 
oxides ! | denum 3 metal moly b- date 

powder date 


Stee!: 
IIigh-speed— 1. 160 ad A, A 27 1. 740 
liot-work tool... 241 ·Ü 8 2 326 
Other toll“! 176 NS ⅛ KA ĩ ͤ 8 2 266 
Sinns 2,755 / »A K 19 4. 794 
Other alloy ＋“ ..02. 222. 14, 501 JJ A AA 57 16, 408 
Steel mill rolls 222 85 OT. PA ! y A 953 
Gray and malleable castings... 331 2, 233 FF 10 2, 578 
AV ain PA ˖̊„ůꝛonn; d 8 215 
High-temperature alloys. ...... 372 203 A . 818 1, 398 
Molybdenum powder: 
Wire, rod and sheet NON; AA EE 1 859 
A EE, A PA GMT AA A RA 617 
Chemicals: 
Inorganic pigments A etras det 7 1 466 
Organic nígments.......... be A MA 4 201 4 365 
ChatalvsiS cc... 2 ö SERT 38 3 370 
Miscellaneous :?: 68 547 19 20 3 57 1. 236 
Tobil ined clcsveezxeee 21, 695 7, 616 1, 500 69 219 1,522 32, 621 
Stocks at consumer plants 
Déc: dl ocu A 2, 770 1, 089 54 12 27 282 4, 231 


Includes technical and puriſied oxides. 
2 Includes molybdenum silicide and calcium molybdate. 


3 Includes thermite molybdenum and molybdenum pellets, purified molybdenum disulfide, and molyb- 
denite concentrate. 


Includes quantities that were believed used in producing high-speed and stainless steels because some 
firms failed to specify individual uses. 
$ Includes magnets, other special alloys, friction material, lubricants, pesticides, refractories, and packings. 


Research scientists determined that the rust inhibitor characteristics 
of calcium and zine molybdates equal or exceed those of red lead, zinc 
chromate, and similar materials Sodium molybdate was used as a 
corrosion inhibitor in antifreeze solutions in industrial and automo- 
tive applications. Molybdenum disulfide gained further acceptance 
as a lubricant, as research on bonded and cured dry-film processes de- 
veloped bonded, dry-film, molybdenum disulfide lubricants that could 
be used up to 900° F. Engineers also developed molybdenum disul- 
fide-filled thrust washers and retainer rings for self-Jubricating bear- 
ings suitable for service at high temperatures.“ 

It was demonstrated experimentally that a composite of molyb- 
denum fiber skeleton impregnated with silver could be used to form 
a seal that would retain hot-air pulsating pressures from 0 to 5,000 psi 
at 1,2002 F.? 

Scientists of Electron Technology, Inc., described a glass-to-metal 
seal of “chromallized” molybdenum, which they had found to be well 
suited for use in vacuum tubes.® 


s Foundry. Rust Preventives. V. S9, No. 7, July 1961, p. 104. 

*Iron Age. Maintenance Costs Tumble. V. 187, No. 9, Mar. 2, 1961, p. 15. 

Materials in Design Engineering. TEE Retainer Rings Make 575 F Bearing Self- 
Lubricating. V. 53, No. 5, May 1961, p. 137. 

7 Chemical Engineering. Material Resists Elevated Temperature Cycling, Without 
Leakage. V. 68, No. S, Apr. 17, 1961, pp. 142. 144. 

Koch. S. J. Glass-To-Metal Seals Take Hold. Iron Age, V. 188, No. 9, Aug. 31, 1961, 
pp. 88-89. 
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STOCKS 


The national (strategic) stockpile contained 84,305,000 pounds of 
molybdenum on December 31, 1961, 16,954,000 pounds of which had 
been upgraded from the sulfide to molybdic oxide. The industrial 
inventory of molybdenum in concentrate and compounds totaled 
12,123,000 pounds, 22 percent less than at yearend 1960. Stocks at 
mines decreased 19 percent, and stocks at producer plants decreased 
38 percent, but those at consumer plants increased 6 percent compared 


with 1960. 
PRICES 


E&MJ Metal and Mineral Markets quoted prices per pound of con- 
tained molybdenum, f.o.b. point of shipment, for molybdenite con- 
centrate and primary products were as follows: Concentrate, 95 per- 
cent MoS., $1.25; molybdic trioxide (MoO;), in bags $1.46, and in 
cans $1.47, unchanged from 1960 to June 1, 1961. From June 1, 1961, 
to yearend, the quoted prices were: concentrate, 95 percent MoS., 
$1.40; molybdic trioxide in bags, $1.59, and in cans $1.60. The same 
publication quoted molybdenum powder in wholesale lots, carbon- 
reduced at $3.35 and hydrogen-reduced $3.55, unchanged during the 
year; and ferromolybdenum per pound of contained molybdenum, 
5,000 pounds or more, f.o.b. New York (58 to 64 percent Mo), pow- 
dered; packed $1.82, other sizes packed $1.76 to June 1, and then 51.95 
and $1.89, respectively, to the Sr of the year. 


FOREIGN TRADE?’ 


Imports.—There were no imports of molybdenum ore and concen- 
trate for consumption in the United States. Imports of molybdenum 
products for consumption included ferromolybdenum, molydenum 
metal and powder, calcium molybdate, and other compounds and al- 
loys of molybdenum containing 10,906 pounds of molybdenum valued 
at $36,514; molybdenum ingots, shot, bars, or scrap molybdenum or 
molybdenum carbide with a gross weight of 2,636 pounds valued at 
$1,120; and molybdenum sheets, wire, and other forms of molybdenum 
not elsewhere provided for, with a gross weight of 18,376 pounds, 
valued at $199,241. 

Exports. U.S. exports of molybdenum ore and concentrate reached 
a new peak, 18 percent more than in the preceding year. West Ger- 
many again was the principal recipient, receiving 23 percent of the 
total, a 12-percent increase compared with 1960. The United King- 
dom received 22 percent of the total, 16 percent more than in 1960; 
exports to the Netherlands almost doubled, and exports to Canada 
increased 77 percent. 

Among the countries of the European Iron and Steel Community 
Italy was the only one that received less molybdenum from the Unite 
States in 1961 than in 1960; exports to that CAMS were down 16 
percent. Apparently the increase in exports of molybdenum again 


®Ficures on imports and exports compiled by Mne B. Price and Elsie D. Jackson, 
Division of Foreign Activities, Bureau of Mines, from records of the U.S. Department 
of Commerce, Bureau of the Census. 
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was due principally to expanded use of molybdenum in the ferroalloy 
industry in Western Europe and in Japan. The exports to Canada 
may have been only for processing or possibly for reexport to other 
countries. 

Ferromolybdenum valued at $501,476 was exported to 16 countries; 
molybdenum wire exports were valued at $375,821; and exports of 
molybdenum powder were valued at $39,788. Other molybdenum 
ve ucts exported included molybdenum metal and alloys in crude 

orm and scrap valued at $433,136 and molybdenum and molybdenum 
alloys in semifabricated forms valued at $134,972. 


TABLE 4.—Molybdenum reported by producers as shipments for export from the 
United States 


(Thousand pounds of contained molybdenum) 


Product 1960 1961 
Molybdenite concentrate... 2225254444424 E rra 23, 341 24, 165 
t ³⁰ ↄ] EE 6. 586 8, 314 
All other primary poneesssss MUERE equ MEE REA E AME EE 430 433 

TABLE 5.—U.8. exports of molybdenum products 
(Pounds, gross weight) 

Product 1960 1961 
Ferro 424, 819 358, 523 
Metal and alloys in crude form and scrap.............-.. eee ween LLL Le LL sl. 295. 004 440, 849 
I ⅛ ub ] “k eebe 9, 639 12, 488 
POW EE 9, 620 11, 816 
Bemifabricated forms (mainly rods, sheets, and tubes 4, 940 7, 362 


1 Ferromolybdenum contains about 60-65 percent molybdenum. 
Source: Bureau of the Census. 


Tariff.—There were no changes in the import duties on molybdenum 
ores and concentrates and primary molybdenum products. The duties 
imposed under various trade agreements to the Tariff Act of 1930 on 
imports from all countries, except the U.S.S.R. and other designated 
Communist countries and areas, were molybdenum ores and concen- 
trates, 30 cents per pound of contained molybdenum; ferromolyb- 
denum, molybdenum metal and powder, calcium molybdate, and other 
compounds and alloys of molvbdenum, 25 cents per pound of molyb- 
denum plus 7.5 percent ad valorem; and sheets, wire, or other forms 
of yioly E or molybdenum carbide, 25.5 percent ad valorem. 
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TABLE 6.—U.8 exports of molybdenum ore and concentrate (including roasted 
concentrate), by countries 


1961 
Destination Molyb- Molyb- 
denum Value denum Value 
content content 
(pounds) (pounds) 
North America: 
A ] A uunc ue eq 915, 473 $909, 978 | 1,617,911 | $1,763, 866 
E A y A 8 3, 268 3. 638 5. 404 7, 726 
PC%/ͤ§’—ſi ß ĩ . ĩ x due, oue 918, 741 913,616 | 1,623,315 1,771, 592 
Se | | | — — 
South America: 
eiii. ³ ͤ 698 274 388 
e Su bho o s es ee uides SEE 2, 512 1, 651 2, 526 
be NP DINE OPERE MIR EUN 4, 410 14, 448 20, 704 
/, e ¹.] r¹äAq ⁰ nq sac beds 7, 620 16, 373 23, 618 
Europe: 
/ ³˙»¹wwq . a 2,061,352 | 1,577,872 2, 458, 195 
Belgium-Luxembourg.............................. 45, 163 357 438 
France c ĩ⅛ð̊LT“ E 6, 291, 624 6, 408, 257 8, 679, 994 
Germany, We.... 9, 169, 392 8. 073, 153 10, 633. 828 
11111 ͤ.dVàJàJJàà O 2, 223, 635 1, 442, 231 1, 942, 176 
Nethenlasgsssgese‚eee‚‚ 446, 539 590, 937 816, 990 
0 NEE ME E 3, 588 5, 387 
SO EE 1, 785, 497 2, 244, 095 2, 200, 865 2, 963, 614 
United KingdoM.-.........-----0---0-2.------.------ 6, 630, 386 | 8,470,785 | 7,683,030 | 10,365,238 
C ˙¹⁰ʃ ³·w ³ ³ A. 24. 568, 859 | 31,858, 585 | 28,070,290 | 37,865, 860 
Hong eet AA ß ß EE 490 780 
ue EE 4,716,978 | 7,020,365 | 5,922, 628 9, 057, 572 
ii ess A A 3, 600 ; ; , 965 
%% EE 4,720,578 | 7,025,889 | 5,926, 140 9, 062, 317 
Africa: Union of South Africa... e Lee Le 879 , 268 
Australia: ans 30, 932 41,681 24, 004 ; 
Grand tal... eg 30, 244, 496 | 39, 847, 391 | 35,661,001 | 48, 758, 457 


Source: Bureau of the Census, 


WORLD REVIEW 


No official statistics were available on molybdenum production in the 
U.S.S.R. and other Communist-bloc nations, but estimates for those 
countries are included in the world total. Free-world production was 
2.4 million pounds less than in 1960, owing principally to less output 
in the United States and Chile. 
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TABLE 7.—World production of molybdenum in ores and concentrates by 


countries? * 
(Thousand pounds) 
Country ! 1952-56 1957 1958 1959 1960 1961 
(average) 

i e (3) 2 4 J 
z tt d EE 
F ͥ ³¹iA·¹ E 525 785 888 747 767 765 
UE AMA AR AI a 3, 047 2, 998 2, 972 3, 785 4, 440 3, 699 
FFII A ⁰ eet ‘) D 2, 200 3, : 3, 300 
JADA eer 401 600 692 842 840 827 
Korea, Republic of........................ 22 31 68 49 97 71 
I AAA AR 8 49 29 57 57 132 47 
NOWAY Nees ege 335 397 483 498 542 4 550 
LS AAA A v m w JJ 8 
Fee EE, AA ele eae ha 123 150 4220 
F en ds s usui 68 IR cece eed DE A DEE 
Union of South Africa 13 )) 
77%! 2 8 (5) 9, 300 9, 300 9, 900 11, 000 11, 900 
ci II 55, 683 60, 753 41, 069 50, 956 68, 237 66, 563 
DU EE 13 4 4 ER EE PA 

World total (estimate) 67, 200 76, 200 57, 700 70, 300 89, 500 87, 900 


1 Molybdenum is also produced in North Korea, Rumania, and Spain, but production is negligible. 

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Less than 500 pounds. 

4 Estimate. 

3 Data not available; estimate by author of chapter included in total. 

* Average annual production 1953-56. 


Complled by Pearl J. Thompson, Division of Foreign Activities. 


NORTH AMERICA 


Canada: British Columbia.—Reportedly the first commercial ship- 
ment of molybdenite was made from British Columbia when 10,000 
pounds of 90-percent molybdenite concentrate valued at $9,500 was 
sent to Sweden from the Keremeos Mines, Ltd., copper-molybdenum 
property at Olla.'?^ Friday Mines, Ltd., acquired a purchase option 
on the Keremeos property and on four adjoining Crown-granted 
claims of Hedley Monarch Mines, Ltd., and diamond-drilled to investi- 
gate the continuity of the mineralization. The mineralization on the 
Keremeos property was in a well-defined vein." Noranda Explora- 
tion, Ltd., à wholly owned subsidiary of Noranda Mines, Ltd., explored 
the Boss Mountain molybdenum property, 50 miles east of Williams 
Lake, with diamond drillholes from the surface. The Noranda sur- 
face exploration, with that done previously on the property by Ameri- 
can Metal Climax, Inc., indicated the presence of a million tons of 
material, containing 0.95 percent molybdenum to a depth of 500 feet. 
The company undertook underground exploration to confirm this 
estimate.!? 

New Brunswick.—Molybdenite associated with tin and tungsten 
minerals was reported to occur in steeply dipping lenses within a silic- 
ified area on Mount Pleasant, 37 miles south of Fredericton.” 


10 Mining Journal (London). V. 256, No. 6549, Feb. 24, 1981, p. 221. 

2 Canadian Mining and Metallurgical Bulletin. V. 54, No. 587, March 1901. p. 287. 
„ ADET (Toronto). Noranda to Open Molybdenite Zone. V. 47, No. 34, 

ov. 16, „P. 9. 

15 Black, P. J. Tin, Tungsten, Molybdenum Mineralization, Mount Pleasant Area, New 
Brunswick. Canadian Min. J. V. 82, No. 4, Apr. 1961, pp. 94-96. 
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Quebec.—The Molybdenite Corporation of Canada, Ltd., was again 
the only molybdenum producer in Canada, other than copper pro- 
ducers who recovered byproduct molybdenite. The corporation al- 
tered the milling plant at its La Corne mine and installed sufficient 
open to increase its capacity to 1,000 tons per day.!“ Preissac 

olybdenite Mines, Ltd., owned 48 percent by Molybdenite Corpora- 
tion of Canada, Ltd., completed a three-compartment vertical shaft to 
the 615-foot level at its property in Preissac Township in northwest- 
ern Quebec and 1 exploring on the 450- and 575-foot levels. 
Three vein structures ranging from 3 to 14 feet in width were inter- 
sected on both levels“ Anglo American Molybdenite Mining Corp. 
also completed a vertical exploration shaft in Preissac Township at its 
molybdenum-bismuth property about 15 miles north of the town of 
Cadillac.'* The corporation continued exploration underground, 
crosscutting from the 150-foot level and diamond drilling from the 
shaft station on the 300-foot level. 

Gaspe Copper Mines, Ltd., began constructing a pilot plant for 
treating copper concentrate to determine if molybdenum could be re- 
covered as a byproduct from its copper deposit on Gaspe Peninsula in 
eastern Quebec.!* 


SOUTH AMERICA 


Chile. —Molybdenum production in Chile was virtually suspended 
from August 10 to September 11 when a strike at the Andes Copper 
Mining Co. EI Salvador mine resulted in sympathy strikes at the Chile 
Exploration Co. Chuquicamata mine, and the Braden Copper Co. 
El Teniente mine. The molybdenum recovery plant at Chuquicamata 
was shut down in April and May. Nevertheless, the 1961 total output 
was 16 percent more than in 1960. Braden Copper Co. was again by 
far the largest molybdenum producer in 1961. IIowever, not all the 
molybdenum produced in Chile was a byproduct of copper mining 
because Compania Minera Indiana, a Aden firm, opened a small 
molybdenum mine near La Calera in 1960. Minera Indiana’s first 
sale was made in the last quarter of 1960 when molybdenum-bearing 
concentrate valued at $4,800 was shipped to France.“ 

Chile exported 3,496 short tons of molybdenum concentrate con- 
taining an estimated 2,300 tons of maly inun in 1961. Approxi- 
mately 40 percent was destined for West Germany, 31 percent for the 
United Kingdom, 15 percent for the Netherlands, 9 percent for Swe- 
den, and the remaining 5 percent for France. 

An export tax on molybdenum concentrate equivalent to 50 percent 
of the annual average price at London and New York Metals Ex- 
changes was proposed to the Congress of Chile by a Conservative 
member.“ Inasmuch as molybdenum concentrate is not refined in 


14 Northern Miner (Toronto). Molybdenite Corp., Expanding to Meet Increased Demand. 
V. 47, No. 16, July 13, 1961, sec. 1, pp. 1 (625), 9 (655). 

%Northern Miner (Toronto). roduction Decision by This Fall Is Aim of Prelssac 
Molybdenite. V. 47, No. 15, July 6, 1961. sec. 1. pp. 1 (605), 11 (615). 

16 Northern Miner (Toronto). Complete Shaft, Talk Major Funds for Anglo American 
Molybdenite. V. 47, No. 14, June 29, 1901, sec. 1, pp. 1 (585), 2 (586). 

17 Canadian Mining Journal (Gardenvale, Quebec). Gaspe Copper Builds Molybdenum 
Pilot Plant. V. 82, No. 10, Oct. 1961, p. 124. 

15 U.S. Embassy, Santiago, Chile. State Department Dispatch 724, May 3, 1081, p. 11. 

J9 U.S. Embassy, Santiago, Chile. State Department Dispatch 292. Nov. 17, 1961, p. 1. 
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Chile, the tax apparently was proposed as a means of forcing the 
larger copper companies to install molybdenum sulfide processing 
equipment at their plants. 


ASIA 


China.—A review of the molybdenum resources of China indicated 
that development of newly discovered deposits could exert a strong 
influence on world molybdenum markets, although China’s output in 
recent years was estimated at only 1,000 to 2,000 tons of concentrate 
annually. A large part of the output was sent to the U.S.S.R., East 
Germany, and Poland.” The significant new molybdenum resources 
are in three large deposits in the middle and eastern sections of Ch’in 
Ling, between Lan-T'ien (approx. 34°10’ N., 109?15' E.) in Shensi 
and I-yand (approx. 34°10’ N. 112°30’ E.) in Honan. 


TECHNOLOGY 


The Federal Bureau of Mines expanded its molybdenum research 

rogram, principally on projects designed to produce and evaluate 

igh-purity metal. A project to produce molybdenum by reducing 
molybdenum oxides with magnesium was completed successfully. 

In other projects, attempts to reduce molybdenum chloride with 
magnesium and with hydrogen and molybdenum oxides with hydrogen 
were not promising. A report describing preliminary studies on 
electrowinning molybdenum was published.“ In these studies a terti- 
ary system electrolyte containing sodium pyrophosphate, sodium tetra- 
borate, and sodium chloride gave excellent results. Continuing the 
work, however, it was found that sodium tetraborate and a eutectic 
mixture of sodium chloride and sodium flouride was even better, but 
the optimum composition was not established for publication in 1961. 
Bureau researchers in similar studies determined that direct reduc- 
tion of molybdenum sulfide by fused-salt electrolysis is impractical. 
They continued investigating the radical (MoCl,)”? in molten alkali 
chlorides as an electrolyte for producing pure molybdenum. 

Bureau metallurgists stopped an investigation of processes for re- 
covering byproduct molybdenum from uranium plant solutions after 
finding it to be technically feasible to recover the molybdenum, but 
unattractive economically. 

An X-ray fluorescence method of analyzing tungsten and molyb- 


denum metals and electrolytes, developed to service research studies 
on selective deposition of the metals from a fused-salt bath, was de- 
scribed by Bureau of Mines chemists.?? 

A Canadian metallurgist described a process for obtaining high- 
purity molybdenite concentrate (99.8 percent MoS,) suitable for use 
as a lubricant from technical grade MoS, concentrate. In this proc- 


9? Bureau of Mines. Mineral Trades Notes. V. 52, No. 4. Apr. 1961, pp. 33-35. 

^ Heinen, H. J., and J. B. Zadra. Electrowinning Molybdenum: Preliminary Studies. 
BuMines Rept. of Inv. 5795, 1961, 8 pp. 

zi Stever. K K., J. L. Johnson, and H. H. Heady. X-Ray Flourescence Analysis of Tung- 
stent donum Metals aud Electrolytes. Advances in X-Ray Analysis, V. 4, 1961. 
pp. 474-4*T. 

2 Borbash, E. Production of Pure Molybdenum Disulphide, Canadian Min. J., Aug. 
1961. V. 52, No. 8, pp. 66-69. 
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ess the high-purity molybdenite was obtained by regrinding, then re- 
floating the technical-grade concentrate and leaching the product with 
hydrochloric acid, volatilizing the contained silica with hydrofluoric 
acid, and washing the residue. It was reported that molybdenite 
recovery was 6 percent more than that achieved with a conventional, 
5 screening method and that the greater processing 
ai could be offset through increased value of the better quality 
roduct. 
S On the basis of cost estimates made from laboratory indices and the 
cost data for producing natural molybdenite at the Skopin (U.S.S.R.) 
plant, Soviet metalurgists reported that artificial molybdenite can be 
roduced for approximately half the cost of the natural mineral.** 
hey obtained the artificial mineral by reacting molybdenum trioxide 
and calcium molybdate with sulfur in a salt melt. Their work dem- 
onstrated for the first time the existence of allotropic modifications 
of molybdenum disulfide. The artificial crystal lattice parameter, a, 
equaled the corresponding parameter of natural molybdenite, but the o 
parameter was one and a half times greater. Laboratory tests showed 
the lubricating properties of the artificial molybdenite differed little 
from those of the natural crystal. 

Research and development of a process to obtain molybdenum by 
direct thermal dissocation of molybdenite, which extended over ap- 

roximately 7 years, was described by metallurgists working in the 

limax Molybdenum Co. Michigan Research Laboratory.? Molyb- 
denum powder in up to 100-pound batches was obtained in the dissocia- 
tion process in vacuo at 1,600° to 1,700° C. (2,910° to 3,090° E The 
powder was lower in oxygen than commercially available molybdenum 
powder, and analyses of ingots arc-cast from the two powders indi- 
cated that the degree of impurity was similar. 

Molybdenum aos and process technology changes since 1956 were 
reviewed. The review showed large gains in technology and indi- 
cated that the alloy development was far ahead of processing. 

Among the newly devolped molybdenum alloys, rhenium-molyb- 
denum and technetium-molybdenum received the most attention in 
1961. Rhenium-molybdenum alloys were made commercially for use 
in coils in compact electromagnets having high field strengths. Ac- 
cording to a report given by Bell Laboratory scientists, technetium- 
molybdenum becomes superconductive and remains ductile at less 
coldness than any other known material.“ 

A method of coating molybdenum and other refractory metals in a 
dynamic fluidized bed of powdered silica ? was developed bs scientists 
at the Aerospace Division of the Doeing Co.? They reported that this 
method retained all the advantages of the “pack cementation” method, 
that special tooling and retorts are not used, that processing time is 


“ Zelikman, A. N., and O. E. Krein. Preparation of Molybdenum Disulfide Suitable 
for Use as a Lubricant. J. Applied Chem. of the USSR. V. 23, No. 1, Jan. 1960, pp. 40-51. 
æ Scholz, W. G., D. V. Doane, and G. A. Timmons. Molybdenum by Direct Thermal 
Dissociation of Molybdenum Disulfide, AIME, Trans. V. 221, No. 2, Apr. 1961, pp. 356-304. 
22 Nelson, R. C. Molybdenum Alloy and Process Technology. Y Metals. V. 13, No. 3, 
Mar. 1961, pp. 223-225. 
177 Mera Market. Superconductive Ductile Alloy Found. V. 68, No. 81, Apr. 28, 
„ pp. 1, 14. 
1981 ssiles and Rockets. Refractory Coating by Fluidized Bed. V. 9, No. 17, Oct. 23, 
p. 28. 
* Changed May 2, 1961, from Boeing Airplane Co. 
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shorter, and that the tendency for the parts being coated to warp is 
reduced. The “pack cementation” method of coating refractory 
metals was the most widely used, but other techniques investigated 
showed genuine merit for producing coating systems.’ Scientists 
at the National Research Corp., described a method of coating molyb- 
denum with an aluminum silicon alloy having a melting point above 
3,600° ka They reported that with this ier the coat can be ap- 
plied by semiskilled labor using standard metallurgical procedures. 
The size of the body to be coated presented no limits, and the coating 
could be applied with facility to all surfaces and shapes. Further- 
more, they reported that the aluminum-silicon alloy would deform 
sufficiently to permit hot-working of the base without destroying the 
integrity of the cover. 


3 Krier, C. A. Coatings for the Protection of Refractory Metals From Oxidation. 
Defense Metals Information Center, Battelle Memorial Institute, DMIC Report 162, Nov. 
24, 1961, 226 pp. 

581 Clough, P. J., and P. L. Raymond. Oxidation Resistant Coatings for Molybdenum and 
Other Refractory Bodies. Am. Ceram. Soc. Bull. V. 40, No. 5, May 15, 1961, pp. 314-315. 


Nickel 


By Joseph H. Bilbrey, Jr." and Ethel R. Long? 


* 


HE DOMESTIC price of nickel, which was raised 714 cents to 
LES cents per pound in June 1961, had remained unchanged for 
9 years. 

The United States used 118,500 tons of nickel in 1961, 10 percent 
more than in 1960, and approximately 45 percent of the free world 
consumption. 

Hanna Mining Co. acquired from the U.S. Government the ferro- 
nickel plant operated by its subsidiary, Hanna Nickel Smelting Co., 
at Riddle, Oreg. The output of this plant equaled 9 percent of do- 
mestic consumption. Except for a small quantity of nickel produced 
as à byproduct of copper jen , Hanna was the only domestic nickel 
„ at yearend. National Lead Co. closed its mining and refining 

acilities at Fredericktown, Mo., in May. 

The seizure of U.S. nickel plants in Cuba in 1960 resulted in the 
loss of about 16 percent of nickel imports; this deficit was made up 
by increased imports from Canada. 

The International Nickel Company of Canada, Ltd., began produc- 
ing nickel at its new facility at Thompson, Manitoba, and exceeded its 
production goal of 37,500 tons a year from this plant. As in 1960, 
industry increased its research and 5 in exploration, 
mining, processing, use, and marketing of nickel. 


TABLE 1.—Salient nickel statistics 
(Short tons) 


1952-56 1957 1958 1959 1960 1961 
(average) 
United Statos: 
Mine product ion 13, 455 12. 900 13, 490 13, 374 14, 079 13, 133 
Plant production: 
CCC 2, 517 10, 070 11, 740 11, 606 14. 303 11, 176 
Secondary ....... 2e. Ll ll lllll- 10, 167 12, 037 7,4M 9, 438 9, 431 10, 688 
Imports for consumption.............. 129,000 | 140, 000 90,000 | 112,000 | 103,000 127, 000 
r cado 20, 296 13,415 14, 042 13,073 54, 109 55, 493 
KEENT cec seeqcu wn aS 107, 898 122, 466 79,017 112, 661 108, 159 118, 515 
Stocks Dec. 31: Consumer 3,.......... 10, 061 25, 282 13, 339 14, 125 11, 369 18, 298 
E cents per pound..| 6135-74 74 74 74 74 74-8144 
World: Production 212,000 | 315,000 | 247,000 | 314,000 | 4 350, 000 396, 000 


1 Averare annual E 1953 - 56. 

2 Comprises metal from domestic ore and nickel recovered as a byproduct of copper refining. 
Does not include se-ap. 

4 Revised figure, 


1 Commodity specialist, assisted technically by Isaac E. Weber, Division of Minerals. 
2 Statistical clerk, Division of Minerals, 
937 
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DOMESTIC PRODUCTION 


Primary Nickel. Domestic mine output of nickel contained in ore 
was 13,133 short tons, 7 percent less than in 1960. In June, Hanna 
Mining Co. acquired from the U.S. Government the ferronickel plant 
operated by its subsidiary, Hanna Nickel Smelting Co., at Riddle, 
Oreg. Hanna processed 830,775 dry short tons of ore, averaging 1.46 
percent nickel, from its Riddle deposit, to produce 20,241 tons of ferro- 
nickel containing 10,325 tons of nickel. Output of nickel was 7 percent 
less than in 1960, but the average nickel content of the ferronickel 
increased from 46 to 51 percent. A substantial part of the production 
was sold to industry for use in the manufacture of stainless steel and 
other alloy steels, and some was sold to the U.S. Government. 

National Lead Co. closed its mining and refining facilities at Fred- 
ericktown, Mo., in May, and the slant and equipment were to be 
liquidated. The refinery of Freeport Nickel Co. at Port Nickel, La., 
did not operate because suitable concentrate was not available. 

Refineries at Carteret and Perth Amboy, N.J., Laurel Hill, N.Y., 
and Tacoma, Wash., recovered 625 tons of nickel in the form of 
nickel sulfate as a byproduct of copper refining. Shipments from 
refiners contained 641 tons of nickel. Refined nickel] salts (mainly 
sulfate), containing 2,518 tons of nickel, were produced in the United 
States. Total refined salts production was 3,143 tons (nickel con- 
eu and shipments of salts to consumers contained 3,210 tons of 
nickel. 

A new metallurgical research center was to be built by Interna- 
tional Nickel Co., Inc., on a 150-acre site in Sterling Forest, Orange 
County, N.Y. Long-term fundamental research to develop new and 
improved nickel alloys was planned.’ 


TABLE 2.—Nickel produced in the United States 
(Sbort tons, nickel content) 


Primary: 


Byproduct of copper refining.......... 502 493 625 
Domestic ore. 9, 568 11, 238 11,113 10, 551 
As AA A 12, 037 7,411 9, 438 10, 688 


3 Averaze annual production 1953-56, 
‘Revised figure. In addition, 1,773 tons of primary nickel was produced from imported Cuban con- 
eentrate. 


Secondary Nickel.—Recovery of nickel from nonferrous scrap in the 
United States in 1961 was 10,700 short tons, an increase of 14 percent 
Írom the 9,400 tons recovered in 1960. 

Recovery of nickel from ferrous nickel-base scrap is not included 
in the secondary nickel tables. Ferrous nickel-base alloys consist of 
those in which the metal of highest percentage is nickel, but which 
contain so much iron, chromium, cobalt, or other constituents of fer- 
rous alloys that they must be classed as ferrous alloys, although they 


® The International Nickel Company of Canada, Ltd., Ann. Rept. 1961, pp. 11-18. 
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are also nickel-base. Examples are inconel and nichrome. Both 
nonferrous and ferrous nickel-base alloys may be used as alloying 
ingredients in ferrous alloys, but ferrous nickel-base alloys cannot be 
used to make nonferrous alloys. 

Consumption of nonferrous nickel-base scrap decreased 11 percent 
to 13,600 tons compared with 15,300 tons in 1960, due mainly to the 
use of less unalloyed nickel and nickel residues. 


TABLE 3.—Nickel recovered from nonferrous scrap processed in the United 
States, by kind of scrap and form of recovery 


(Short tons) 
Kind of serap 1960 1961 Form of recovery 1960 1961 
ew scrap: /// ˙—A 1, 274 1, 210 
Nickel-base 8,015 | 3,108 || In nickel-base alloys............... 1, 955 1, 824 
Copper-bagae 1,564 || In copper · b SS ee 2, 458 2. 640 
uminum- base. 342 510 || In aluminum-base alloys 481 863 
— In ferrous and high temperature 
Totale uso AAA 4,753 | 5,182 Alloys! AA CR 1, 130 2, 059 
Old 
Nickel-base. 4,151 | 4,734 || In chemical compounds 2. 183 2. 002 
Copper-basasee 433 
Aluminum- base. 12⁵ 339 Grand total. 9,431 | 10,688 
Mr 4,678 | 5, 506 
Grand total. 9, 431 | 10, 688 


1 Includes only nonferrous nickel scrap added to ferrous and high-temperature alloys, 


CONSUMPTION AND USES 


The United States remained the world’s largest user of nickel. 
Nickel consumption in 1961 was 118,515 short tons, 10 percent more 
than in 1960. The largest single use of nickel was in stainless steels, 
29 porcen! of the total and 14 percent greater than in 1960. Other 
steels consumed 15 percent, and nonferrous alloys, 24 percent. These 
es were 19 and 8 percent higher, respectively, than in 1960. 

ickel used in high-temperature and electrical-resistance alloys in- 
creased 12 percent. N ickel was used in about the same quantities 
for anodes, catalysts, ceramics, and magnets. 


STOCKS 


In addition to the consumer stocks reported in table 7, the total 
quantity of nickel in all Government stockpiles as of December 31, 
1961, was given as 438,702,000 pounds. Of this amount, 115,702,000 
pounds, 35.8 percent more than the maximum stockpile objective, 
was declared surplus. The total quantity included 334,538,000 pa 
in the national ia | stockpile, and 104,164,000 pounds of nickel 
in Defense Production Act (DPA) inventory, 21.2 million pounds 
less than at the end of 1960. The DPA inventory was reduced b 
sales of electrolytic nickel and Nicaro nickel oxide and withdrawals 
under contract settlements; it was increased by receipts of ferronickel 
from Hanna Nickel Smelting Co. and electrolytic nickel from Falcon- 
bridge Nickel Mines Ltd. 
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TABLE 4.—8tocks and consumption of new and old nickel sorap in the United 
States in 1961 


(Short tons, gross weight) 
Stocks, 
Class of consumer and type of scrap beginning] Receipts 
of year 
Smelters and refiners: 
Unalloyed nickel ... 216 979 
Monel metal... 411 1, 327 
Nickel si Cer). EE 905 3, 103 
Miscellaneous nickel alloys. .................. 20 4, 841 
Nickel residues 63 141 
RK WEE 710 7, 288 
Foundries and plants of other manufacturers: 
Unalloyed nickel U“ l! 501 2, 755 
Monel metal .... 126 602 
Nickel silver 1111. 2, 620 7, 535 
Miscellaneous nickel alloy 40 70 
Nickel residues. 590 2, 152 
Total api ³ĩWüAiA CEPI ⁵⁵ 8 1, 257 5, 879 
Grand total: 
Unalloyed nell cscs 717 3,734 
Mone ee... 8 537 1, 929 
Nickel silver). 3, 525 10, 638 
Miscellaneous nickel alloys................... 60 5,211 
Nickel residues 653 2, 293 
PM //˖/( ² ˙ 8 1, 967 13, 167 


1 Excluded from totals because It is copp>r-base scrap, although containing considerable nickel. 


TABLE 5.—Nickel (exolusive of scrap) consumed in the United States, by forms 


(Short tons) 
Form 1952-56 1957 1958 1959 1960 1961 
(average) 
Mota] REN 79, 156 94, 765 61, 768 87.751 87, 399 101, 394 
Oxide powder and oxide sin ter 18, 238 17, 049 13, 007 20, 710 19, 392 15, 883 
ͤĩͤõ³˙¹¹¹imAA⁰Ü¹ ͤ ̃ͤͤͤKk ĩͤK ae EE 9, 008 9, 047 3, 300 2, 509 17 16 
„C VC 1. 490 1. 605 933 1, 301 1, 351 1, 222 
Total E 107,898 | 122, 466 79,017 | 112,661 | 108, 159 118, 515 
1 Figures do not cover all consumers. 


Effective June 30, the domestic price of electrolytic nickel was 
raised 714 cents to gil, cents (U.S.) per pound, duty included, f.o.b. 
Port Colborne, Ontario; nickel] oxide sinter was increased to 77½ 
cents per pound, nickel content, packaged f. o.b. U.S, port of entry. 
The mounting cost of production was given as the reason for the first 
increase in prices in 415 years. The General Services Administration 
announced similar prices for nickel products to be sold from the na- 
tional stockpile. Nickel sulfate was quoted at 30 cents per pound, 
in bags, carlots, delivered. 
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TABLE 6.—Nickel (exclusive of scrap) consumed in the United States, by uses 


(Short tons) 
Use 1952-56 1957 1958 1959 1960 1961 
(average) 
Ferrous: 
Stainless steels 25, 884 26, 986 23, 039 32, 249 30, 086 34, 213 
Other steels 222222 17, 393 15, 882 14, 510 18. 342 15, 331 18, 238 
Gens EEN 4,644 5, 534 3, 851 ; 4, 605 4, 049 
Nonferrous Lc Lll l.l. 32, 7 33, 419 18, 048 25, 606 20, 507 28, 789 
High-temperature and electrical-resistance 
AlMOVS. EE 8, 576 9, 837 7, 435 10, 518 10, 095 11, 294 
Electroplating: 
oer. é 12, 690 2, 354 7, 693 14, 644 15, 847 15, 737 
Solution 1, 042 1, 131 734 883 970 770 
A ³ðA quae wr oE a 1, 553 2,113 1,165 1,712 1, 545 1,519 
COramiCS AA 319 358 
Man”... one huun 77 902 1, 028 778 
REDER 2, 261 2, 920 1,552 2, 449 1,970 2,167 
/// A A 107,898 | 122, 466 79,017 | 112,661 | 108, 159 118,515 


t Comprises copper-nickel alloys, nickel silver, brass, bronze, beryllium alloys, magnesium and aluminum 
alloys, Monel, [nconel, and mallcable nickel. 

3 enren represent quantity of nickel usod for production of anodes, plus cathodes used as anodes in plating 
operations. 

3 Figures do not cover all consumers. 


TABLE 7.—Nickel (exclusive of scrap) in consumer stocks in the United States, 


by forms 
(Short tons) 
Form 1952-56 1957 1958 1959 1960 1961 
(average) 

! C 7,310 21, 082 10, 608 9, 567 9, 12, 199 
Oxide powder and oxide sinter............ 1, 874 3, 037 2, 464 4, 334 2, 143 5, 856 
II! ³Ü¹¹ 1 A 401 787 3 24 7 5 
A A A ad oce aS aan 476 376 264 200 210 238 
Total E 10, 061 25, 282 13, 339 14, 125 11, 369 18, 208 


FOREIGN TRADE * 


Imports. The United States imported 127,000 tons of nickel in metal, 
oxide, slurry, and scrap—23 percent more than 1960. Canada pro- 
vided 89 Ge of the imports, and Norway slightly less than 11 
percent; the latter originated in Canada. Thus, increased Canadian 
Imports made up for the cessation of imports of Cuban nickel, which 
formerly amounted to about 16 percent of total imports. 

Exports.—Nickel-bearing materials exported in 1961, a total of 55,493 
tons, consisted mainly of nickel and EAT metals in scrap. 
Shipments to West Germany were 28 percent of the total; to Japan 
22 percent; to Sweden, 21 percent; and to Canada and the Unit 
Kingdom, 8 percent each. Export controls on nickel scrap to certain 
destinations remained unchanged. 

Tariff.—The duty of 11, cents a pound on refined nickel was un- 
changed ; nickel ore, oxide powder and oxide sinter, matte, slurry, and 
residues continued to enter duty free. 


é Figures on U.S. imports and exports (unless otherwise indicated) compiled by Mae B. 
Price and Elsie D. Jackson, Division of Foreign Activities, Bureau of Mines, from records 
of the U.S. Department of Commerce, Bureau of the Census. 
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TABLE 8.—U.8. imports for consumption of nickel products, by classes 


(Short tons) 
Class 1952-56 1957 1961 
(average) 

Ore and matte mem LLL eee ne 13, 016 13, 177 ) 
Metal (pigs, ingots, shot, cathodes, etc.) 2. . 95 491 99, 787 115, 985 
Oxide powder and oxide sinter............ 330,874 | 337,080 14, 613 
Blütty AA u s nopee (0 211 
Refinery residues 7. 687 |.......... DE MEA AA 
Scrap 75 3 680 410 6 3 278 

Total: Gross weight 118, 479 | 109,042 131, 134 


Nickel content (estimated) 112,000 | 103,000 127,000 


1 Less than 1 ton. 

3 Separation of metal from scrap on basis of unpublished tabulations. 

3 Figures for 1956 include, but for 1957 exclude, 1,524 tons received from Cuba tn December 1956 but not 
included in figures of Burcau of the Census until 1957. 

4 Adjusted by Bureau of Mines. 

5 Nickel-containing material in powders, slurry, or any form, derived from ore by chemical, physical, or 
any other means, and requiring futher processing to recover nickel or other metals. 

Not provided for in Import schedule before July 1, 1956, 

7 Reported to Bureau of Mines by importers. 


Source: Bureau of the Census. 


TABLE 98.—U.8. imports for consumption of new nickel products, by countries 


(Short tons) 
Metal Oxide powder and oxide sinter 
Country 1960 1961 
weight UD Seir Vt 


North America: 


Canada asas 66,216 | 101,710 7, 396 b, 548 14, 613 
SG.. EE, 8 117, 188 1 18. 300 ͤ„«« 

/» ————T—TTTT gs ae 66. 216 101. 710 124. 584 1 20, 938 14, 613 

Europe: 

ao Pewter 3 uU) NM AE A 88 
Germany, West 33 /// OA AA 
Netherlands d AA AA EEN GE 
Norway...... F 13, 092 ¿> B80 cece et D 8 
l/ AA %%ö»ö;—éùß1 . ˙ l y EE 
United Kingdom................ 318 AAA ͥ· Ad GE, AA 

lll!!! sea AERE 13, 446 14.275 AAA m AA ̃ 8 

Grand total 79,662 | 115,085 | 124,584 | 120,038 | 14,613 

Slurry and other 3 Ore and matte 
1960 1961 1960 


Gross | Nickel | Gross | Nickel | Gross | Nickel | Gross | Nickel 
weight joontent | weight content weight icontent | weight | content 


North America: 


Canada. ........---- de 1, 246 324 258 66 184 
Gd ³ðV / // ⁰ Ard . EEN 
FO ee 34, 477 |! 1,879 258 06 184 139 


1 Adjusted by Bureau of Mines. 
3 Less than 1 ton. 


3 Nickel-contalning material in powder, slurry, or any form, derived from ore by chemical, physical, or 
any other means, and requiring further processing to recover nickel or other metals. 


H, “reau of the Census. 
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TABLE 10.—U.8. exports of nickel products, by classes 


Class 
Short Value Short Value 
tons tons 
Ore, concentrate, and matt 4 1 $4, 326 1, 766 $495, 254 


Nickel and nickel-alloy metals in in- 
gots, bars, rods, sheets, plates, 
strips, and other crude forms...... 

Nickel and nickel-alloy metal scrap. . 

Nickel and nickel-alloy semifabri- 
cated forms, not elsewhere clas- 


dëse eg a ge erem gra e o oe open ë e e o ër ee e = 


07 | $9, 678. 331 
2, 289. 042 


9, 835 | 16. 839, 376 7.152 | 13,702, 988 
42, 633 |! 10. 289, 345 44, 479 | 11,265, 674 


519 | 2,313, 625 644 | 2,321, 654 1, 037 3, 980, 160 


597, 559 235 969, 261 254 1,079, 325 
597 | 1,161, 911 761 | 1,240, 236 805 1, 455, 809 


13,073 | 16. 040. 468 54, 109 |! 31, 664, 198 55,493 | 31,979, 210 


wire except Insulated............. 
Nickel catalysts. 


1 Revised figure. 
Source: Bureau of the Census. 


WORLD REVIEW 


Estimated world production of nickel reached a new record of 
396,000 tons, 10 percent higher than in 1960. The estimated free world 
output was 301,000 tons. Of this total, Canada produced 79 percent; 
New Caledonia, 16 percent; and the United States, 4 percent. 


NORTH AMERICA 


Canada.—Canada produced 236,555 tons of nickel, a new high and 
10 percent more than in 1960. The Internationa] Nickel Company of 
Canada, Ltd., (Inco), delivered 186,230 tons of nickel in refinery, 
rolling-mill and foundry products, and salts and chemicals to con- 
sumers, an increase of 6 percent over 1960. Included in these deliv- 
eries was 24,120 tons of nickel which was sold at the same price at 
which it was acquired from the U.S. Government or its suppliers. 

Ore 5 from the Sudbury district and the Thompson mine, 
Manitoba, amounted to 17, 489, 000 short tons, 4 percent more than in 
1960. In 1961, Inco began operating the Clarabelle open-pit mine, 
north of Copper Cliff, and the smaller Ellen mine, in Denison Town- 
ship, in order to replace tonnage from exhausted mines. Though 
seven mines were thus operating in the Sudbury district, no increase 
in production capacity resulted. AU mining at the Frood-Stobie mine 
was under ground. The “undercut-and-fill” mining method, using 
hydraulic sandfill, was introduced into the Creighton and Levack 
mines to improve working conditions and to provide more efficient 
mining. The company's proven ore reserves on December 31, 1961, 
were 297,419,000 tons containing 8,937,300 tons of nickel-plus-copper. 

The new plant for fluid-bed roasting of nickel sulfide at the Copper 
Cliff smelter, Ontario, became operative. The new nickel production 
facility at Thompson, Manitoba, was officially dedicated on March 25. 
A. new research station, at Port Colborne, Ontario, for the study of 
new methods for the extraction of nickel from all types of ores was 
opened by Inco in 1961. Of the $7.4 million spent by Inco on explora- 
tion, more than one-half was expended in Manitoba, where an explora- 
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TABLE 11.—World production of nickel by countries * 


(Short tons) 
Country 1952-56 1957 1958 1959 1960 1961 
(uverage) 
North America: 
C BEE 159, 795 187, 958 139, 559 186, 555 214, 506 236, 555 
uba: 
Content of oxide 13, 703 22, 245 19, 782 19,658 | 312, 547 4 8, 000 
Estimated content ofslurry—U.S. 
(sie od SEET -“ PA ea ELE 200 1.6000 UT 
United States: 
Byproduct of copper reflning 587 502 502 493 623 625 
Recovered nickel in domestic ore 
ieee... 8 $ 2,415 9, 568 11, 238 11,113 11, 907 10, 551 
ff 176, 500 220, 273 171,081 218, 019 241,183 255, 731 
South America: 
Brazil (content of ferronickel)......... 4 48 90 80 85 150 4150 
Venezuela (content of ore) 67 35 42 29 M [SS 
Total eue tuse nues eda cu 55 125 122 114 164 4150 
Europe: 
Albania (content of nickeliferous 
ORG) AA ]ĩð eff EE 1. 000 1. 800 7 2, 700 2, 800 
Finland 
Content of nickel sulfate.......... 152 89 125 92 126 4110 
Content of concent rates 324 2. 360 4 2, 400 
Germany, East (content of ore) .. 6110 110 110 110 110 110 
Greece (content of nickeliferous ore).. 8 386 565 / AA EE 
Poland (content of ore) *.............- * 1,068 1, 400 1, 488 1, 405 1, 382 1, 400 
U.S.S.R. (content of ore) . 45, 400 55, 000 58, 000 60, 000 64, 000 83, 000 
Potato 47,100 57, 200 61,000 63, 700 70,700 89, 800 
Asia: Burma (content of spelss) 80 74 367. 159 81 4110 
Africa: 
Morocco (content of cobalt ore)....... 161 94 204 266 280 284 
Rhodesia and Nyasaland, Federation 
of: Southern Rhodesia (content of 
Oe Jͤ ĩͤ K 13 73 „ 24 64 
Union of South Africa (content of 
matte and refined nickel) 2, 334 4, 562 42, 200 4 2, 900 4 3, 200 4 2, 900 
Total. cd er ³ AAA 2, 508 4,729 2, 408 3, 166 3, 504 3, 248 
Oceania: New Caledonia (recoverable) to.. 15,814 | 32,359 | 12,345 | 28,810 | 43.325 | 46,700 
World total (estimate) 242,000 | 315,000 | 247,000 | 314,000 | 359,000 | 396,000 


1 This tahle incorporates some revisions. 

3 Comprises refined nickel and nickel in oxide produced and recovernble nickel in matte exported. 

: pue of unknown tonnage produced and stored at Nicaro since September 20, 1900. 

stimate. 

$ Average annual production 1953-56. 

* Average annual production 1955-56. 

Y Planned production. 

$ One year only, as 1956 was first year of commercial production. 

Average annual production 1954-56. 

19 Comprises nickel content of matte and ferronickel produced In New Caledonia plus estimate of recov- 
erable nickel in ore exported. Mine production (nickel content of ore) was as follows: 1952-56 (average), 
EE tons; 1957, 47,700 tons; 1958, 15,600 tons; 1959, 36,200 tons; 1960, 59,000 tons; and 1961, estimated 60,000 

ns. 


Compiled by Augusta W. Jann, Division of Foreign Activities, 


tion shaft was completed on the Pipe Lake property south of Thomp- 
son and an exploration level established at the 1500-foot horizon. 
About $1.9 million was spent on exploration in the Sudbury district. 
The work included underground exploration at the producing mines 
at Crean Hill and in Falconbridge Township. Exploration programs 
and property examinations were carried out in northern Ontario, 
Quebec, Saskatchewan: and the Northwest Territories; in Greece; 
Guatemala; Morocco; Southern Rhodesia; South Africa; the South 
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Pacific Islands; and the United States.“ Falconbridge Nickel Mines 
Ltd., had another record year, and delivered 32,773 tons of nickel, a 
slight increase over 1960. It produced about 35,500 tons of nickel at 
its refinery in Norway. Ore receipts from the Norduna Emtwo mine 
totaled 100,000 tons; ore milled was 2,443,000 tons, and ore reserves 
at yearend totaled 46,247,000 tons averaging 1.45 percent nickel. 
Shaft sinking at the Strathcona mine progressed to a depth of 2,196 
feet. 

The installation of equipment for pyrrhotite separation and treat- 
ment was completed by Falconbridge. The La Motte Township nickel 

roperty in Quebec, owned jointly y Marchant Mining Co., Ltd., and 

Talconbridge through Marbridge Mines Ltd., was expected to be 
ready for production in early 1962. The ore will be processed by 
Canadian Malartic Gold Mines Ltd., a nearby mill, and Falconbridge 
will smelt the concentrate. * 

Sheritt Gordon Mines Ltd., mined and milled 1,219,000 tons of 
ore from its Lynn Lake, Manitoba, property, an increase of 6 percent 
over 1960. In the fourth quarter, 25 percent of the ore hoisted 
came from the Farley shaft, production from which began in the third 
quarter. The refinery at Fort Saskatchewan, Alberta, produced 11,003 
tons of nickel from Lynn Lake ore and purchased concentrate, 5 per- 
cent less than in 1960. The refinery also produced 2,237 tons of nickel 
on a toll basis. The ore reserve at the end of 1961 was calculated at 14 
million tons, with an average grade of 0.92 percent nickel. The results 
of extensive underground exploration at the mine at Lynn Lake were 
disappointing. Sherritt Gordon Mines Ltd., purchased 3,500 tons of 
nickel-cobalt calcine, containing about 19 percent nickel and 13 percent 
cobalt, from the U.S. Government. This purchase was to provide the 
first feed for the new acid leaching circuit, construction of which was 
started in the third quarter of 1961.7 

North Rankin Nickel Mines Ltd., produced an estimated 1,900 tons 
of nickel in the Northwest Territories. The concentrate was shipped 
to the Sherritt Gordon refinery. 

Giant Nickel Mines Ltd., in British Columbia, became a wholly 
owned subsidiary of Giant Mascot Mines Ltd. on March 1. A con- 
tract was signed on that date with Sumitomo Metal Mining Co., con- 
tinuing shipments of nickel concentrate to Japan for an additional 3 
years. Daily mill production was increased at the end of 1961 from 
900 to 1,200 tons a day. Shipments of concentrate from the Pride of 
Emory mine and mill were expected to somewhat exceed the 2,148 tons 
of combined nickel shipped to Teen in 1960.8 

Nickel Mining and Smelting Corp. expected to bring its Gordon 
Lake nickel property, 55 miles northwest of Kenora, Ontario, into 
5 in September 1962 at the rate of 700 tons a day. Faraday 

ranium Mines Ltd. was providing the finances. The nickel-copper 
concentrate was to be trucked 70 miles by road to Lac du Bonnet and 
shipped by rail to Sudbury for processing by Inco under a 5-year 


5 The International Nickel Company of Canada, Ltd., Ann. Rept. 1961, pp. 7-16. 
* Falconbridge Nickel Mines Ltd., 33d Ann. Rept, 1961, pp. 7-11. 
7 Sherritt Gordon Mines Ltd., Ann. 1 b PD: 3-6. 
8 Northern Miner (Toronto). Giant Mascot Reviews Position. V. 47, Aug. 24, 1961, 


Merret, J. E. Pride of Emory (Giant Mines Lä) Minister of Mines and Petrol. Res., 
Province of British Columbia, Ann. Rept. 1960, pp. 87, 88. 
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contract. Mine reserves at Gordon Lake were estimated at 825,000 
tons, grading 1.75 percent nickel and 0.72 percent copper.“ 

In April, Chibougamau Mining and Selens Co., Inc., entered 
into an agreement with Canadian Nickel Co., an exploration subsidiary 
of Inco, to develop 180 copper-nickel claims in the Frotet Lake dis- 
trict of northwestern Quebec, some 60 miles north of Chibougamau. 29 

Dumont Nickel Corp. began deep drilling on its Marrias Township 
nickel property in northwestern Quebec, where previous shallow 
drilling indicated a large tonnage of low-grade nickel-cobalt min- 
eralization. Surface work was carried out in the Laurentian area of 
Quebec, 30 miles from Ottawa, Ontario.” 

Raglan Nickel Mines Ltd., estimated its indicated reserves at 3 
million tons, grading 1.60 percent nickel and 0.78 percent copper, at 
its Cape Smith-Wakeham Bay area, Ungava, New Quebec. Drilling 
in 1961 totaled 17,000 feet, with 35,000 feet to be drilled in 1962. 

Porcupine Prime Mines Ltd. was testing ore possibilities at depth, 
inside the Sudbury nickel basin in Blezard and Rayside Townships, 
by diamond drilling to a depth of 4,000 and possibly 6,000 feet.“ It 
was reported that surface work at the Trout Bay base metal property, 
26 miles west of the Cochenour Willans Gold mine at Red Lake in 
northwestern Ontario, revealed widespread nickel-copper values, some 
of them of ore grade.“ A new nickel-copper discovery was made by Bi- 
croft Uranium Mines Ltd., in Limerick Township, 14 miles south of 
Bancroft, Ontario, where the Bicroft Uranium mine is located. A 
potential of 2,200 tons per vertical foot was indicated, based on 12 
drill holes in an area with an average width of 35 feet.“ 

Fatima Mining Co. drilled 18 holes on its nickel property south of 
Timmins, northern Ontario. Nickel mineralization was encountered 
in several new locations, and four areas were recommended for fur- 
ther drilling.!* 

Cuba.—Cuba reportedly shipped nickel oxide from the formerly U.S. 
Government-owned Nicaro plant to Soviet Bloc countries. 


SOUTH AMERICA 


Brazil.—The State of Goiás requested Brazilian Federal assistance 
to mine nickel ore in the municipality of Niquelandia, and to install 
a metallurgical plant to produce nickel.“ 


" . Miner (Toronto). Faraday Putting Nickel Mining Into Production. V. 47, 
ug. 17, 1961, pp. 1, 5. 

Northern Miner (Toronto). Nickel M. 4 S. Makes Excellent Progress at Gordon Lake. 
V. 47, Oct. 26, 1961, pp. 1, 11. 

19 Northern Miner (Toronto). Chiboug. Mining Canadian Nickel Co. Combining Efforts. 
V. 47, June 29, 1961, pp. 1, 12. 

11 Northern Miner (Toronto). Dumont Nickel Drilling. V. 47, Nov. 2, 1961, pp. 18-20. 

33 Mining Journal (London). V. 257, No. 6578, Sept. 15, 1961. p. 261. 

1 Precambrian Mining in Canada (Winnipeg). Porcupine Prime Drilling Deep Test Ia 
Nickel Basin. V. 34, June 1061, p. 50. 

14 Northern Miner (Toronto). Cochenour Output Still Rising as Ore Picture Broadens. 
V. 47, Aug. 10, 1961, CN 1-5. 

15 Northern Miner (Toronto). Bicroft Strikes Nickel-Copper in Drill Program Near Coe 
Hill. V. 47, Nov. 18, 1981, pp. 1-11. 

Northern Miner (Toronto). Fatima Negotiates Additional Funds for New Drilling. 
V. 47, Dec. 14, 1961, p. 3. 
190 CERS General, Sao Paulo, Brazil, State Department Dispatch 148, Nov. 17, 

„ p. 4. 
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, Venezuela.—The Ministry of Mines estimated that the nickel deposits 
in the Loma de Hierro area, State of Aragua, contained some 30 million 
tons of ore, grading 1.5 percent nickel.“ 


EUROPE 


Finland.—Outokumpu Oy, the Finnish Government copper-minin 
corporation, was estimated to have produced 2,400 tons of nickel and 
110 tons of nickel sulfate in 1961. 

Greece.—A greement was reached between Société le Nickel and 
Greek Chemical and Fertiliser Co. for the joint development of the 
iron and nickel deposits of Larymna.!? 

Norway.—Falconbridge Nikkelverk, A/S, of Kristiansand S., a sub- 
sidiary of Falconbridge Nickel Mines, Ltd., Canada, increased its an- 
nual production of nickel to 35,500 tons. 


ASIA 


Japan.—Japan produced 6,750 tons of pure nickel and 18,670 tons 
of nickel in ferronickel. Demand for ferronickel declined appreciably 
towards yearend, with a consequent cutback in production. The Min- 
istry of International Trade and Industry set at 530 tons the duty-free 
import of nickel for the fiscal year ending March 30, 1962. Inco will 
supply most of the imports through Inco Nickel Import Co” A pro- 
visional committee of the projected Sulawesi Nickel Development 
Corp. was set up to provide financial assistance and to work with the 
Indonesian Government to develop nickel mines in the Celebes.?? 

Philippines.—Acoje Mining Co. made its first shipment, 45 tons, of 
nickel-platinum concentrate to Japan. The concentrate contained 21 
to 23 percent nickel? A preliminary estimate of the nickel-iron 
deposits of Dinagat Island showed a potential reserve of approxi- 
mately 1,600 million short tons of laterite containing 41.44 percent 
iron and 0.71 percent nickel.?* 


OCEANIA 


New Caledonia.—Nickel ore production was 2,546,000 tons containin 
60,000 tons of recoverable nickel. Société le Nickel, at its new instal- 
lation at Pointe Doniambo, produced 17,020 tons of nickel matte and 
53,364 tons of ferronickel, with nickel contents of 13,194 tons and 
14,733 tons, respectively. The total nickel produced was 27,927 tons, 
16 percent more than chat of 1960. Ore exported was 1,107,000 tons 
up 3 percent from 1960. Société le Nickel exported 27,988 tons of 


151 id Journal (London). Venezuelan Mineral Deposits. V. 257, No. 6593, Dec. 29, 
. p. 885. 
12 Chemical Trade Journal (London). Nickel Industry for Greece. V. 149, No. 3881, 
Oct. 20, 1961, p. 873. 

2 Japan Metal Bull., Sept. 16, 1961. 

2 Japan Metal Bull., Aug. 24, 1961. 

2 Japan Metal Bull., Sept. 16, 1961. 
1% BE JOMEDAI (Lon on). Philippine Nickel for Japan. V. 257, No. 6587, Nov. 17, 

p. 023. 

a Bureau of Minen, We Wéiee? of the Philippines. Substantial Potential Reserves Dis- 
SE in Dinagat Island lron-Nickel Deposits. Mineral News Service, No. 42, Nov. 1961, 
D. . 
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nickel, 11 percent more than in 1960. Exports were 13,199 tons of 
nickel contained in matte and 14,789 tons in ferronickel. 


TECHNOLOGY 


The Federal Bureau of Mines research program included investiga- 
tion of the nickeliferous laterite deposits of northwestern California, 
sulfatization of nickeliferous laterite and other methods for recover- 
ing and separating nickel and cobalt from lateritic ores, and produc- 
tion of high-purity nickel. Work was done on recovering nickel from 
high-temperature scrap and on the refining of nickel and cobalt in a 
fused-salt bath. Published reports included a study of methods for re- 
covering metal components from alloy scrap;?* flotation studies on 
copper-nickel sulfide ores from deposits near Rockport, Maine; ”* an 
electron diffraction study of garnierite; “ preparation of high-purity 
nickel; ? mining and milling methods and costs at the Madison mine 
of National Lead Co., Fredericktown, Mo., where sulfides of copper, 
nickel, and cobalt occur in commercial quantities with lead sulfide; ?* 
and salt roasting and leaching of sulfide ore concentrates containing 
cobalt, nickel, copper, lead, and von 29 The Defense Metals Infor- 
mation Center, Battelle Memorial Institute, Columbus, Ohio, pub- 
lished a report on strengthening mechanisms, heat treatment, and 
evolutionary history of nickel-base superalloys.** On April 4, Inco 
sponsored a research seminar for representatives of Government 
agencies in Washington, D.C. Some of the papers presented dealt 
with improved high-temperature-service stainless steels, nickel-base 
alloys for use up to 1,500? F in the steam and gas turbine industries, 
nickel-base alloys for use at about 1,850° F for cast turbine blades, 
columbium-bearing 70-30 cupro-nickel alloys, physical and mechanical 
properties of electroformed nickel at room and elevated temperatures, 
Bee on nickel in aluminum alloys, and nickel-cobalt-molybdenum 
steels.?? 

The production of nickel and cobalt at the new Thompson, Manitoba, 
plant of the International Nickel Company of Canada, Ltd., was 
described.“ 

The structure of the Thompson Moak Lake nickel belt, a major 
nickel region, was discussed.“ A paper described ore recovery by the 


22 Kenworthy, H., V. A. Nieberlein, and A. G. Starliper. Experimental Extraction of 
Strategic Components From 8-816 Alloy Scrap. BuMines Rept. of Inv. 5786, 1961, 27 pp. 
r Shelton, J. E. Flotation Studies on Copper-Nickel Sulfide Ores From Deposits Near 
Rockport. Maine. BuMines Rept. of Inv. 5793, 1961, 17 pp. 
E 1861 1 C. W. Electron Diffraction Study of Garnlerite. BuMines Rept. of Inv. 

$7, 1961, D. 

> Kershner, K. K., F. W. Hoertel, and J. C. Stahl. Preparation of High-Purity Nickel. 
BuMines Rept. of Inv. 5810, 1961, 15 Pr. 

Kline, II. D., W. A. Calhoun, an . M. Reynolds. Mining and Milling Methods and 
Costs. Madison Mine: National Lead Co., St. Louis Smelting and Refining Division, Madl- 
son County, Mo. BuMines Inf. Circ. 8028, 1961, 26 pp. 

“Kershner, K. K., and F. W. Hoertel. Recovering Cobalt and Nickel From Complex 
Sulfide Ores of Southeastern Missori, BuMines Rept. of Inv. 5740, 1961, 16 pp. 

m Lund, C. H. Physical Metallurgy of Nickel-Base Superalloys. DMIC Rept. 153, May 
6, 1961 (OTS PB 171422). 39 pp. 

32 Research Seminar on Improved Materials for Critical Applications. The International 
Nickel Company, Inc., April 4, 1961. 

Northern Miner (Toronto). The Thompson Mine of the International Nickel Company 
of Canada Ltd. Magazine Supp., Aug. 17, 1961, pp. 39-94. 

* Wilson, II. D. B., and W. C. Brisbin. Regional Structure of the Thompson Moak Lake 
Nickel Belt. Canadian Mining and Met. Bull., v. 54, November 1961, pp. 815—822. 
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undercut-and-fill method at the Frood-Stobie Mine of the Inter- 
national Nickel Company of Canada, Ltd., at Sudbury, Ontario. The 
method was to be applied at the Creighton and Levack mines.“ 

The First International Congress on Metallic Corrosion was held 
in London in April. A number of the papers presented dealt with 
various aspects of the corrosion of nickel, nickel-base, and nickel- 
bearing alloys.““ 

The papers, with discussions, presented at the International Sym- 
posium on the Extractive Metallurgy of Copper, Nickel, and Cobalt 
in New York in February 1960, under the auspices of American In- 
stitute of Mining, Metallurgical, and Petroleum Engineers, were 
published in a book.“ 

Inco announced a new cast alloy, IN-100, for use up to 1,900? F; 
its nominal composition is 10 percent chromium, 15 percent cobalt, 3 
percent molybdenum, 1 percent vanadium, 5.5 percent aluminum, 5 
percent titanium, 0.18 percent carbon, 0.015 percent boron, 0.05 per- 
cent zirconium, and the balance nickel. It has a minimum rupture 
life of 23 hours at 1,800° F and 29,000 psi stress, with 4 percent 
minimum elongation. New 18-percent nickel-cobalt-molybdenum 
maraging alloy steels with unmatched toughness at high-strength 
levels and good machining properties were reported by Inco. One of 
these, the 250 steel, has a composition range of 17-19 percent nickel, 
1-9 percent cobalt, 4.6-5.1 percent molybdenum, and 0.3-0.5 percent 
titanium. It has a yield strength of 250,000 psi while maintaining 
a nil ductility temperature below minus 80° F; a notched tensile 
strength of about 400,000 psi; a high resistance to stress corrosion 
cracking, good formability, and ready weldability. Variation of the 
base composition produces changes in the strength levels of the alloys. 
E steels had better improved properties than air-melted 
steels.” 

A new class of alloys, the “Nitinol” series, based on the ductile inter- 
metallic compound titanium-nickel (TiNi E associated phases, was 
investigated by the U.S. Naval Ordnance Laboratory. The alloys are 
nonmagnetic and corrosion-resistant, and can be hardened to 62 Rock- 
well C hardness.** Special Metals, Inc., formerly the metals division 
of Kelsey-Hayes Co., developed a new vacuum-melted wrought-nickel- 
base superalloy, Udimet 520, with the following composition : Carbon, 
0.04-0.05 percent; chromium, 18-20 percent; cobalt, 11-13 percent; 
Molybdenum, 5.5-6.5 percent; tungsten, 0.9-1.2 percent; titanium, 
2.9-3.2 percent; aluminum, 1.9-2.2 per cent; boron, 0.001-0.010 per- 
cent; and the balance nickel. It is recommended for use in jet-engine 
turbine blades and wheels, for temperatures up to 1,800° F.* 


£ Pigott, J. A., and R. J. Hall. Undercut-and-Fill Mining at the Frood-Stoble Mine 
of the Internationa] Nickel Company of Canada, Ltd. Canadian Min. and Met. Bull. v. 54, 
June 1961, pp. 420-424. 

as ulletin, First International Congress on Metallic Corrosion. V. 34, May 1961, 
pp. . 

7 Queneau, P. (ed.), Extractive Metallurgy of Copper, Nickel, and Cobalt. (Annotated 
UM Mate by Robb, K. G.) : Interscience Publishers, Inc., New Tork and London, 1961. 


æ bleber, C. G., and T. B. Kihlgren, A New Cast Alloy for Use at 1900° F: Metal 
Progress, v. 79, April 1961, pp. 97-99, 

æ Decker, R. F. Nickel-Cobalt-Molybdenum Steels. Research Seminar on Improved 
Materials for Critical SE EEN Apr. 4, 1961, pp. 14-1— 14-7. 

4% Buehler, W. J., and R. C. Wiley. The Properties of TiNi and Associated Phases. 
NOLTR 61-75, U.S. Naval Ordnance Laboratory, White Oak, Md., August 1961, 91 pp. 

41 Roberts. D. A. Review of Recent dee WE) in the Technology of Nickel-Base and 
Cobalt-Base Alloys. DMIC memo 122, Aug. 4, 1961. p. 2. 
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Factors to be considered in the selection of iron-base, nickel-base, 
and cobalt-base superalloys for high-temperature applications were 
discussed.“ 

The Alloy Casting Institute published a resume of past research on 
the properties of a IIK Gene heat-resistant casting alloy, with a speci- 
fication of 0.20-0.60 percent carbon, a 2-percent maximum of manga- 
nese, a 2-percent maximum of silicon, 24-28 percent chromium, and 
18-22 percent nickel. The resume was prompted by the interest taken 
in construction of process equipment involving pressure vessels that 
operate in the 1,600? to 9,0009 F range.** Sherritt Gordon Mines 
Ltd., produced blanks made from pure strip rolled from nickel powder 
for the Royal Canadian Mint. It also made nickel composite powders, 
such as nickel-coated carbide, for flame and plasma-spraying, and 
high-purity close-screened nickel powders for use in battery and fuel- 
cell plates. 

Beryllium-nickel-alloy strip or narrow width sheet was to be made 
available by The Beryllium Corp., Reading, Pa. The new alloy has 
a tensile strength up to 260,000 psi and Rockwell hardness to C53. It 
may be used for heat-resistant springs, diaphragms, and other highly 
stressed parts where hardness, corrosion, and oxidation resistance are 
required.“ Nickel-cadmium cells with a higher energy-weight ratio 
than conventional cells were produced by a new method, which lends 
itself to continuous processing, using active and conductive materials 
dispersed in a microporous plastic structure. The active materials in 
conventional nickel-cadmium cells are contained in the pores of 
sintered nickel plaques or in nickel or nickel-plated steel tubes or 
pockets.* 

Sixteen major power companies joined in a research program with 
producers of condenser tubes to compare newly developed copper- 
nickel alloys with older type condenser tubes as used in the power 
industry, and to determine the usefulness of the new alloys under 
differing operating conditions and types of cooling water. The 
Development and Research Division of Inco was to coordinate the 
program.* 

Univertical Corp., Detroit, Mich., developed a new anode which 
offered a number of advantages over the conventional anode. It was 
made up of 2-inch-diameter nickel balls nested in a perforated con- 
tainer of commercially pure titanium.“ 

The American Society for Testing and Materials (ASTM) pub- 
lished in its 1961 Book of ASTM Standards, B 374-61T, Tentative 


4& Simmons, Ward F. What Alloy Shall I Use for Hro Temperature Applications (Above 
1,200° F)? Metal Prog., v. 80, October 1961. pe. 84-91. 

4 Mungone, R. J., and A. M. Hall. Properties of Type HK Cast Alloys. Alloy Casting 
Bull.. October 1961, P 10. 

« Sheritt Gordon Mines Ltd., Ann. Rept 1961, p. 6. 

4 American Metal Market. Berylco Says Beryllium-Nickel Now Available in Strip Form. 
Y. 68, Nov. 3, 1961, p. 14. 

% Duddy, J. C., and A. J. Salkind. High EN Weight Ratio, Nickel Cadmium Cella 
Electrochem. Soc., v. 108. August 1961, pp. 717-719. i 

47 American Metal Market. Copper Tube Firms, Utilities Embark on Joint Research. 
V. 68. Oct. 6, 1961. pp. 1-8. 

“ Iron Age. Nickel-Ball Anodes Aid Plating. V. 188, July 18, 1961, p. 97. 
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Definitions of Terms Relating to Electroplating, and B 375-61T, 
Tentative Specifications for Wiecirodeposited Castings of Multi-Layer 
Nickel Plus Chromium on Steel. 

Patents were issued on the recovery of nickel from ores,“ separation 
of nickel from cobalt,” various alloys,” nickel catalysts,” bright nickel 


© Matson, R. (assigned to Freeport Sulphur Co.). Recovery of Nickel and Cobalt 
From Mixtures ot the Sume With Iron Sulfide, as Impurity. U.S. Pat. 2,971,835, Feb. 14, 
1961. 

P or de 1001: T. Method of Processing Lateritic Nickeliferous Ores. U.S. Pat. 2,978,317, 

pr 1 

Greene, A E. Nickel Recovery From Ore. U.S. Pat. 2,994.601, Aug. 1, 1961 

Uemura, M. (assigued to Tohoku Denki Seltetsu Kabushiki Kaisha). Method of Re- 
ira 2 eg an aon From Laterite Ores by Preferential Reduction. U.S. Pat. 

35,455, Au 

Illis, A., aud F. P. E Qu Hen (assigned to The International Nickel Co., Inc.). Processing 
Nickel- ‘Containing Lateritic Ores. .S. Pat. 2,998,311, Au 55 1961. 

Queneau, E. (assigned to The International Nickel , Inc.). Treatment of Nickel- 
Containing Stitcate Ores. U.S. Pat. 3,004,846, Oct. 17, 561. 

9 Peters, K. Extraction Techniques for the Separation and Purification of Metals. U.S. 
Pat. 2,967,088, Jan. 3, 1961. 

Hall, J. D. Separation of Nickel and Cobalt. U.S. Pat. 2,971,836, Feb. 14, 1961. 

Howling, H. L., and E. S. Shanley (assigned to Arthur D. Little, Inc.). Nickel-Cobalt 
Separation. U.S. Pat. 7 221, Mar. 28, 1961. 

ampton, T. C., and R A. Mock (assigned to The Dow Chemical Co.). Hydrometal- 
lurgical Separation of Nickel, Copper, and Cobalt in Ammonlacal Solutions. U.S. Pat. 
2,993,782, 1 25. 1961. 

6 Clark, A. (assigned to The International Nickel Co., Inc.). Temperature Compen- 

ee e? EK Copper Alloys. U.S. Pat. 2,968,548, Jan. n. 1961. 
. T. biene to The International Nickel Co., Ine.). Gall Resistant Nickel- 
Copper” "Alloy. "nt. 2,968,550, Jan. 17, 1961. 
reche, J. C. (assigned to the US. Administrator of National Aeronautics and Space 
ree dd oor High Temperature Nickel-Base Alloy. U.S. Pats. 2,971,837, 2,971,838, 
eb. 

Eash, J. T. (assigned to The i Nickel Co., Inc.). Gall Resistant Nickel 
Alloy. U.S. Pat. 2.974.038. Mar. 961. 

Wilson, J. E., and E. L. Dunn Kë to General Electric Co.). Nickel Base Alloy. 
U.S. Pat. 2,975.051, Mar. 14, 1961. 

Bieber, C. G. (assigned to The International Nickel Co., Inc.). Heat-Resisting Nickel 
Base Alloys. U.S. Pat. 2,977,222, Mar. 28, 1961. 

Brown, J. T. (assigned to Westinghouse Electric GA 1 and Precipitatlon- 
Hardenrd Nickel-Base Alloys. U.S. Pat. 2,977,223, Mar. 28, 19 

Brown. J. T., C. P. Mueller, L. L. France, and A. W. rat (assigned to Westinghouse 
Electric Corp.). Cobalt.NWicke! Base Alloy. US. Pat. 2.981.620, Apr. 25, 1961 

Thielmann, R. H. (assigned to Sierra Metals Corp.) High Temperature Nickel-Iron 
Base Alloy. U.S. Pat. 2.981.621, Apr. 25, 1961. 

Hopp!n, G. S., III (nssigned to Yeneral Electric Co.). Copper Base Brazing Alloy and 
Mixtures. U.S. Pat. 2.988.447. June 13, 1961. 

Post. C. B., and W. S. Eberly (assigned to The Carpenter Steel Co.). High Initial 
Permenbility Magnetic A. D S. Pat. 2.990.277, June 27, 1961. 

Perkins, R. A., nnd C. R. Wé | (assigned to Union Carbide Corp.). Iron-Nickel- 
Silicon Alloys. U.S. Pat. 2,902,917, July 18. 1961. 

Faulkner, W. H. (aienea to Union Carbide Corn). Nickel Base Alloy for Service at 
High Temperatures. US. Pat. 3.005.704. Oct. 24, 1961 

Cochardt, A. W. (assigned o Westinghouse Electric. Corp.). High Temperature Alloys. 
U.S. Pat. 3,005,705, Oct. 24, 196 

Bovd, W. K., and M. E. 1 (assigned to Battelle Memorial Institute), nnd T. E. 
Johnson (assigned to Stainless Foundry and Engineering, Inc.). Nickel-Base Alloys. U.S. 
Pat. 3.008.822. Nov. 14, 1961. 

82 Benther, H., R. A. Flinn, and J. B. McKinley (assigned to Gulf Research and Develop- 
ment Co.). Hydrogenation of Aromatics with a Tungsten and Nickel Sulfide, Supported 
on mus: 8 Composite. US Pat 2.967.204. Jan. 3. 1961. 

Nahin, P. (assigned to Union Oil company of California). Hydrocarbon Conversion 
Catalysts. Us. Pat. 2.968.634. Jan. 17, 1961. 

Nowlin, G., and A. D Lvons (assigned to Phillips Petroleum Co.). Process and Catalyst 
for Polymerizatlon of Olefins. U.S. Pat. 2,969,408, Jan. 24, 1961. 

Raney. M. (assigned to Raney Catalyst Co., Inc.). Process of Producing Nickel Cata- 
lysts. U.S. Pat. 2.977.327. Mar. 28, 1961. 

Zeiss, H. H., and M. Tsutsul (assigned to Monsanto Chemical Co.). Dl-Valent Nickel 
Acetylene Reactions. U.S. Pat. 2,980.741, Apr. 18. 1961. 

Yeo, A. A., and R. Turner (assigned to The British Petroleum Co. Ltd.). Yate 
and Catalytic Hydrocarbon Conversion Processes. U.S. Pat. 2.982,720, May 2, 1961. 

Holm, V. C. F., G. C. Bailey, and A. Clark (assigned to Phillips Petroleum Co.). Sup- 
198158 Nickel Oxide Catalyst and Process of Making Same. U.S. Pat. 2,985,598, May 23. 


Pruett. R. L. (assigned to Union Carbide Corp.). Process for Producing Nickel and 
Cobalt Hydrogenation Catalysts. U.S. Pat. 2,999,075, Sept. 5, 1961 
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coatings, an insoluble nickel core anode for use in sulfate-type nickel 
plating solutions,“ the 5 of nickel oxide,“ and nickel sul- 
ate produced from nickel oxide. 0 


83 Foulke, D. G., O. Kardos, and H. Koretzky (assigned to Hanson-Van Winkle-Munning 
Co.). Electrodeposition of Nickel. U.S. Pats. 3,002,902, 3,002,903, 3,002.904, Oct. 8, 1961. 

% Knapp, B. B., and W. A. Wesle (assigned to The International Nickel Co., Inc.). 
Insoluble Anodes. U.S. 5 T0 ee Nov. 7, 1961. 

85 Llewelyn, D. M., and D. H. West nea to The International Nickel Co., Inc.). 
Production of CL Oxide. U.S. Pat. 2,989,373, dune 20, 1961. 

5 Horrigan, R. V. (assigned to National Lead Co. ). Production of Nickel Sulfate from 

High-Temperature Calcined Green Nickel Oxide. U.S. Pat. 3,002,814, Oct. 8, 1961. 


Nitrogen Compounds 


By Richard W. Lewis ! and Betty Ann Brett? 


A 


OMESTIC production 5 of anhydrous ammonia increased 
D about 2 percent during the year 1961 and was estimated at 5.6 
million short tons at yearend. Nitrogen (gaseous and liquid) 
capacity of air-separation plants was also marked y increased. Coking 
PE supplied approximately 179,000 tons of NH; content as 
yproducts. 


TABLE 1.—Salient nitrogen-compounds statistics! 
(Thousand short tons) 


1952-56 1957 1958 1959 1960 1961 
(average) 
United Statos: 
Production of ammonia, NH; content. 2, 800 3, 791 3, 945 4, 591 4, 878 5, 256 
Imports for consumption of nitrozen 
compounds, gross weight 1, 789 1, 480 1, 374 1, 509 1, 233 1, 451 
Exports of nitrogen compounds, gross 
EE 507 1, 218 704 747 623 446 


Consumption of nitrogen compounds, 
nitrogen equivalent, for years ended 
Jüne ee 2, 442 3, 015 3, 263 3, 759 3, 963 4, 090 
World: Production of nitrozen com- 
pounds, nitrogen equivalent, for years 
ended June gg cia 7, 772 10, 221 11, 397 12, 438 13, 572 14, 708 


1 This table incorporates some revisions. 


DOMESTIC PRODUCTION 


Production of anhydrous ammonia for 1961 exceeded that of the 
preceding year by 376,554 short tons, an increase of 8 percent. 

Construction was started by American Cyanamid Co. on a 40-percent 

roduction expansion for its anhydrous ammonia facility at Fortier, 

a., with the completion date set for late 1962. 

American Oil Co. planned to construct a large anhydrous ammonia 
plant at Texas City, Tex., as soon as engineering studies could be com- 
pleted. Capacity of the plant was not announced. 

American Humates Inc., Dallas, Tex., leased over 4,000 acres of 
Federal coal-bearing land north of Glenrock, Wyo., to produce fertil- 
izer from the high-nitrogen coal. Plans called for construction of a 


! Commodity specialist, Division of Minerals. 
2 Statistical clerk. Division of Minerals. 
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75-ton-per-day fertilizer plant in which 200 to 300 tons of coal would 
be processed daily into concentrated humus grains. 

round was broken for a new $25 million nitrogen-products facility 
on April 25 at Cherokee, Ala. The project was financed by a bond 
issue floated by the town of Cherokee, but the facility will be leased to 
Armour Agricultural Chemical Co. when completed in 1962. The 
installation was planned to include six plants having daily capacities 
for 360 tons of ammonia, 50 tons of urea, 250 tons of nitrogen solu- 
tions, 300 tons of nitric acid, 250 tons of ammonium nitrate, and 500 
tons of ammonium phosphate. 


TABLE 2.—Major nitrogen compounds produced in the United States? 
(Short tons, N Hi content) 


Compound 1952-56 1957 1958 1959 1960 1901 ? 


Anhydrous ammonia: Synthetic plants 3. |2, 741, 268 |3, 732, 562 3. 878, 778 4. 519. 705 |4, 817, 704 | 5, 194, 258 


———ÓM | —————————— | | ——— ———————— — | [| 
— ef Ee | e n_n ̃ ILÓÓÁÁÁÁÁ—Á——— 


Aqua ammonia: 
Synthetic plants . 89, 444 40, 683 50, 933 56, 177 45, 126 4 48, 000 


Coking plane cia 19, 462 17,341 14, 902 14,710 14, 884 13, 363 
Toll a 8 58, 906 58, 024 65, 835 70, 887 60,010 61, 363 
Ammonium sulfate: 
Synthetic plants 7.22222 237,433 | 268,063 | 281,467 | 292.106 | 221, 684 241, 642 
Coking plant 228, 366 234, 197 165, 228 160, 028 162, 971 153, 143 
c A 466, 299 503, 460 446, 695 442, 134 384,655 394. 785 
Ammonium nitrate 2 ccc csse s-- 779, 983 |1,099, 0*3 1. 097, 064 1. 214. 410 1. 326. 728 | 1,377, 081 
Ammonium chloride ................... 9, 557 7,464 7,078 8, 133 8. 870 (*) 


Diammonium phosphate: Coking plants.] 1 6, 067 9,689 | 10,581 | 12.003 11,878 12, 204 


1 This table incorporates some revisions. 

2 Preliminary figures. 

3 Duta from Bureau of the Census Current Industrial Reports. 
4 Estimate by Bureau of Mines. 

$ Nitrate nitrogen—also calculated to N Da 

$ Data not available. 

* Production for 1956 only. 


Construction began on a new ammonia plant for California Chemi- 
cal Co. at Fort Madison, La. Three other units were planned to com- 
plete a $22 million plant food operation—a nitric acid plant, an 
ammonium nitrate plant, and a mixed-fertilizer plant. 

Farm cooperatives were quite active during 1961 with new construc- 
tion and expansion plans. Coastal Chemical Corp. awarded contracts 
for a $4.5 million expansion of its anhydrous ammonia plant near 
Pascagoula, Miss., to double its capacity. Three midwestern farm 
cooperatives planned to form a new corporation with Central Farmers 
Fertilizer Co. of Chicago to build and operate a $20 million ammonia 

lant in either Illinois or Indiana. Two Iowa cooperatives, Calmus 

ooperative Elevator Co. and Clinton County Consumers Cooperative 
Association, jointly purchased an anhydrous ammonia plant at Grand 
Mound, La. Cooperative Farm Chemicals Association (CFCA) con- 
tracted the designing, erecting, and e. of a 120-ton-per-day 
nitric acid plant at Lawrence, Kans. CFCA also started continuous 
operation of a new urea plant at Lawrence using Chemical Con- 
struction Corp.’s new “low cost” process. Consumers Cooperative 
started construction on an 88 million, 20-ton-per-day anhydrous 
ammonia plant at Hastings, Nebr. Landmark Farm Bureau 
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Cooperative planned a $20 million project near Terre Haute, 
Ind., to produce anhydrous ammonia, ammonium nitrate, nitro 
solutions, and urea products. Farmers Chemicals Association, Inc. 
(FCA) leased Volunteer Ordnance Works, Chattanooga, Tenn., and 
negotiated for a lease on Alabama Ordnance Works, Childersburg, 
Ala. FCA was formed by four cooperatives: Southern States Co- 
operative, Richmond, Va.; Cotton Producers Association, Atlanta, 

a.; Tennessee Farmers Cooperative, La Vergne, Tenn. ; and Farmers 
Cooperative Exchange, Raleigh, N.C. The group planned to spend 
$9 million to convert part of the plants to the production of nitrog- 
enous fertilizers. 

Escambia Chemical Corp. made good progress with construction of 
@ new urea solutions plant at Pace, Fla. The plant, with a rated 
capacity of 20,000 tons of urea per year, was scheduled for production 
early in 1962. 

At a ae Tenn., a new E por yerr ammonia plant of the 
Nitrogen Products Division, W. R. Grace & Co., was brought on 
stream. The overall ammonia capacity of the Memphis facility was 
increased to 160,000 tons annually by the new addition. In April, W. 
R. Grace & Co. announced plans for a 60,000-ton-per-year ammonia 
plant at Big Spring, Tex., adjoining the Cosden Petroleum Corp. oil 
refinery. Cosden, 53-percent owned by W. R. Grace, was to operate 
the new plant. 

Swift ¿ Co. and Skelly Oil Co. jointly formed Hawkeye Chemical 
Corp. to build and operate a 300-ton-per-day ammonia plant near 
Clinton, lowa. Nitric acid, ammonium nitrate, nitrate solutions, 
and urea were to be the principal products. 

Hercules Powder Co. began construction on two new units at its 
ammonia plant at Louisiana, Mo.; one to produce 50,000 tons per year 
of ammonium nitrate solution, and the other, about 40,000 tons per 
year of ammoniated nitrate. Additional units were planned to proc- 
ess ammonia to urea, urea solutions, urea-ammonium nitrate solu- 
tions, and prilled ammonium nitrate. | 

Monsanto Chemical Co. completed a 15,000-ton-capacity anhydrous 
ammonia storage terminal and started construction on a new 200-ton- 
per-day ammonia plant near Muscatine, Iowa. 

A contract was awarded by Pure Oil Co. for the construction of a 
30-ton-per-day ammonia facility at Worland, Wyo. 

A new 300-ton-per-day ammonia plant of Solar Nitrogen Chemi- 
cals, Inc., near Joplin, Mo., went into production. 

Southern Nitrogen Co., Inc., expanded urea capacity at its Savan- 
nah, Ga., plant from 10,000 to 17,000 tons per year and planned to 
increase anhydrous ammonia production from 100,000 to 150,000 tons 
per year. The company also increased its nitric acid and ammonium 
nitrate production at the Savannah facilities. 

A $7 million nitrate of potash plant was under construction at 
Vicksburg, Miss., by Southwest Potash Corp., a division of American 
Metal Climax, Inc. 

Tenneco Chemical Co., formed by Tennessee Gas Transmission Co. 
of Houston, Tex., planned to build and operate a $100 million petro- 
chemical compe on the Houston Ship Channel. Anhydrous am- 
monia was to be produced, in addition to other chemicals. 
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A new ammonia plant was constructed at East Tampa, Fla., by 
Tennessee Corp. 

Texaco, Inc., installed new facilities to increase the anhydrous 
ammonia capacity of its plant at Lockport, Ill., to 220 tons per day. 

A number of air-separation plants were planned or constructed dur- 
ing 1961. Air Reduction Sales Co., a division of Air Reduction Co., 
Inc., brought two units on stream for production of liquid nitrogen, 
one at Baton Rouge, La., and the other at Tampa, Fla. Whe company 
also had a $6.5 million plant under construction at Claymont, Del., and 
units were planned for Huron, Ohio, and Beaumont, Tex. Air 
Products and Chemicals, Inc., began operating plants at Cleveland, 
Ohio, Sparrows Point, Md., and Granite City, Ill. Air Products also 
acquired the facilities of Southern Oxygen Co. and Delta Oxygen Co. 
who were producers of oxygen and nitrogen. Air Reduction Pacific 
Co. planned to double its Richmond, Calif., oxygen and nitrogen 
capacity. A $6.5 million air-separation plant was planned for Pasa- 
dena, Tex., by Hydrocarbon Research, Inc., to supply Tenneco Chemi- 
ca] Co. with 730 tons per day of oxygen and nitrogen. National 
Cylinder Gas Division of Chemetron Corp., completed an air-separa- 
tion plant at Dallas, Tex., and began construction of an onsite plant at 
Sharon Steel Corp.’s Roemer Works, Farrell, Pa., to supply oxygen, 
nitrogen, and argon. Houston Chemical Corp. installed a high- 
„ unit at Beaumont, Tex. General Dynamics Corp e 

iquid Carbonic Division constructed a liquid oxygen- nitrogen plant 
at Tewksbury, Mass. Superior Air Products Co. began operating a 
new type of automatic plant for producing high-purity nitrogen at 
Newark, N.J. Linde Co. a division of Union Carbide Corp., for- 
mally opened its 140-ton-per-day liquid oxygen and nitrogen plant at 
Marshall Space Flight Center, Huntsville, Ala. Also, a similar plant 
by Linde went on stream at Neosho, Mo., near Fort Crowder. 


CONSUMPTION AND USES 


Nearly 4.1 million short tons of contained nitrogen was consumed in 
the year ending June 30, 1961, an increase of 3 percent above 1959-60. 
Agriculture accounted for about 73 percent of consumption. The 
principal nitrogen fertilizer materials in order of importance in 
1960-61 were ammonium nitrate, nitrogen solutions, anhydrous am- 
monia, ammonium sulfate, and aqua ammonia. 

Demand increased greatly for nitrogen gas, and consumption by in- 
dustry was 36 percent above 1960, totaling approximately 25 billion 


cubic feet. 
PRICES 


The prices for sodium nitrate, ammonium sulfate, and cynamide 
remained steady during the year, but prices for most other major ni- 
trogen compounds were unstable. Urea price quotations changed 
several times during the year, dropping to a low of $87.25 per ton. 
Anhydrous ammonia was quoted at $84 per ton from August 21 to 
October 9, but recovered for the remainder of the year. It was re- 
ported that actual selling prices for both urea and anhydrous ammonia 
were under the posted prices part of the year. 
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TABLE 3.—Price quotations for major nitrogen compounds in 1961 


(Per short ton) 
Effective 
Compound Jan.2 | Dec. 25 | date of 
change 
Sodium nitrate, imported, crudo, carlots, port warchouse, bulk........... $44. 00 $44.00 
Sodium nitrate, domestic, crude, carlots, works, bulk..................... 44.00 44.00 
Ammonium sulfate, granular, bulk, f.o.b. works, base 32. 00 32. 00 
Cxanamide, fertilizer-mixing-grade, 21 percent N ; granular, bags, Niagara 
rr ra ceed 57. 00 57.00 
Ammonium nitrate, fertilizer-grade, 33.5 percent N: 
Canadian, carlots, shipping point freight equalized, bags 70. 00 167.00 | Oct. 9. 
Domestic, f.o.b. works, bung, 67. 00 167.00 | Oct. 9. 
Anhydrous ammonia, fertilizer, tanks, works, freight equalized east of 
Rockies cfd Saas A ⁰⁰(m y E NE NE 92. 00 292.00 | Oct. 9. 
Ammonium nitrate, domestic with dolomite, 20.5 percent N, bags, carlots, 
gogo P7777 MIDI eee eee DRE 48. 00 44.00 | Aug. 21. 
rea: 
Industrial, 46 percent N, bazs, carlots, ton lots, f.o.b. plant........... 98. 00 100.00 | Feb. 6. 
Agricultural, 45 percent N, bags, carlots, f.o.b. plant 100. 00 391.25 | Oct. 9. 


1 Quoted at $64 per ton from Aug. 21 to Oct. 9. 

2 Quoted at $84 per ton from Auc. 21 to Oct. 9. 

3 Quoted at $98 per ton on Feb. 6, $90 per ton on Feb. 27, $92.50 per ton on Mar. 13, and $87.25 per ton 
from Aug. 21 to Oct. 9. 


Source: Oil, Paint and Drug Reporter. 


FOREIGN TRADE * 


Gross weight of nitrogen compounds imported for consumption in- 
creased 18 percent over 1960. Most of the compounds showed higher 
shipments. 

Exports for the year were down 28 percent from the 1960 tonnage. 
Shipments of all conpounds were lower except those of urea and 
sodium nitrate, which showed small increases. 


WORLD REVIEW 
NORTH AMERICA 


Canada.—The first shipment of urea fertilizer was made from the 
Consolidated Mining & Smelting Co. plant at Calgary, Alberta.‘ 
Sherritt Gordon Mines, Ltd., started construction of a 35,000-ton-per- 
year urea plant at Fort Saskatchewan, Alberta.“ 

El Salvador.—Articles of incorporation of the El Salvador affiliate 
of Fertica de Panama were signed in San Salvador. The company 
planned to construct a $5 million plant at Acajutla to produce ammo- 
nium phosphate and ammonium sulfate.® 

Mexico.—Fertilizantes del Istmo S.A. began operating a 150-ton- 
per-day nitric acid plant and a 200-ton-per-day ammonium nitrate 
plant in August 1961. These were the first of a total of six units of 
a nitrogen fertilizer complex costing $11.5 million to go into oper- 


3 Figures on Imports and exports compiled by Mae B. Price and Elsle B. Jackson, Division 
of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Commerce, 
Bureau of the Census. 

* Chemical Week. Market Newsletter. V. 88, No. 8, Feb. 25, 1961, p. 84. 

8 Oll, Paint and Drug Reporter. Urea Plant's Goal 35,000 Tons a Year. V. 180, No. 8, 
July 17, 1961, pp. 3, 62. 

$ Sulphur Institute News. More News of the Industry, Fertilizer. V. 1, No. 10, No- 
vember 1961, p. 2. 
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TABLE 4.—U.8. imports for consumption and exports of major nitrogen 
compounds 


(Short tons) 


Imports: 
Industrial chemicals: Ammonium nitrate—nw- ccc Lc cce eese |- -- - ---....- 
Fertilizer materials: 
Ammonium nitrate containing over 32 percent nitrogen 
Ammonium nitrate mixtures containing 32 percent and less nitrogen, 
including &mmonium nitrate-calcium carbonate mixtures, except 
r te ee 
Ammonium phosphate e 
Ammonium suite, sss 
Calcium eyanablid8.... aloe o . ³ðV ES 
Calcium nitrates: is 
Nitropged-solütloDS...... os A 8 
Nitrogenous materials, n. e. s.: 


s E 
2 


32 848882 E 


gd 


Ss 
Nm 


Ohe belle ie rasta 
Potassium nitrate, crude. ........... 2... ene eee nee 
Potassium-sodium nitrate mixtures, crudeg—ꝛꝛ 
Slant ᷣ ß d 


Exports: 

Industrial chemicals: 
Ammonium nitrate... ooo 
Anhydrous ammonia and chemical-grade aqua (ammonium content).... 

Fertilizer matertals: 
Ammonium BE d WEEN 
Ammontum phosphates and other nitrogenous phosphatic-type fertilizer 

A ð ( ee 


Anhydrous ammonia and aqua (ammonia eopntent). 
Nitrogenous chemical materials, n. e. c. 
Sant A 88 


1 Revised figure. 
2 Adjusted by Bureau of Mines. 


Source: Bureau of the Census. 


TABLE 5.—World production and consumption of nitrogen, years ended June 30 
(Thousand short tons) 


Consumption ! 


Year Production ! 


In agriculture} In industry 


eb fe IS as i y ĩ 595 
ZZZ ] ð V EECH 793 
A A cst SN ee age ol , 965 
22 ³ WA ĩðâ dee Eer 265 
339 
1 Estimate. 
2 Revised figure, 


Source: British Sulphate of Ammonia Foderation, Ltd. 
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TABLE 6.—World production and consumption of fertilizer nitrogen compounds, 
years ended June 30, by principal countries 


(Thousand short tons of contained nitrogen) 


Consumption 


Country 


A A A eler 
Kona, Republic oL EE 8 


is AAA A A 


A A A A O 
Union of South Africa 
U.S.S.R 


1 Preliminary figures. 
2 Includes quantities for minor producing and consuming countries not listed above. 


Source: Converted and rounded from United Nations Food and Agriculture Organization. 


ation.” A urea plant was planned for Salamanca, northwest of 
Mexico City, by Fertilizantes del Bajio, with technical aid from Lum- 
mus Co., of New York.® 

Netherlands Antilles.—It was announced by the Government Infor- 
mation Service of Aruba that Standard Oil Company of New Jersey 
would build an ammonia plant and that the Aruba Chemical Indus- 
tries, N.V., would start construction of plants to produce fertilizer, 
urea, and nitric and sulfuric acids.? 

Trinidad.—Trinidad's first nitrogen fertilizer plant, located at Point 
Lisas, Claxton Bay, went into full operation.’ 


1 Chemical Week. Mexico: Now Fertilizer Exporter. V. 89, No. 22, Dec. 2, 1961, p. 35. 

3 Chemical Trade Journal and Chemical Engineer. Urea Plant for Salamanca. Y. 148, 
No. 3852, Mar. 31, 1961, p. 708. 

* Foreign Trade (Ottawa). Commodity Notes. V. 115, No. 5, Mar. 11, 1961, p. 21. 

1 Chemical Trade Journal and Chemical Engineer. Fertilisers in Trinidad. V. 148, 
No. 8856, Apr. 28, 1901, p. 932. 
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SOUTH AMERICA 


Argentina.—Dirección General de Fabricaciones Militares started 
construction of a plant at Rio Tercero to produce ammonia and nitric 
acid.'* Borden Chemical Co. began operating a urea and resin plant 
at Pilar. The plant was said to be capable of producing 6.6 million 
pounds of urea annually.” 

Chile.—Only two small independent nitrate producers were operat- 
ing in 1961. The largest, Compañia Salitrera Iqueque, S.A., began 
the year with two plants, at Chile and Alemania, but closed the Chile 
plant in April. The second company, Compañia Salitrera Perfetti 
operated a plant near Taltal. The closing of this plant was prevented 
only by a large loan from the Chilean Government's Development 


Corporation (CORFO). 


TABLE 7.—Chile: Exports of nitrate in 1961, by countries? 
(Thousand short tons) 


Destination Quantity Destination Quantity 

AIgenüna..: . Reden ES OSU MOIO eon . 9 
Australia and New Zealand........... 18 || Middle East -... l.l... 16 
GTM BEE 27 || Netherlands....... gedet 50 
Brida eu A LL 7 Per co DEE 88 7 
A A 8 E A v 

Prone: Ze ee SI IN EE 109 
Germany, West I/ A 41 
C AAA ĩ 3 || United Kingdom 3...................- 25 
Hid. a 8 24 || United States .................-.....- 585 
e ccccedeeeveteds 5 || Other countries 222 7 
Tia EEN 26 

rr A NA 20 TOA EE 1, 193 


1 Includes 78,500 tons, potassium nitrate. 

2 Includes 9,000 tons in transit. 

3 Includes Bolivia, Costa Rica, Colombia, Equador, El Salvador, Guatemala, Nicaragua, Panama, 
Uruguay, and Venezuela. 


Colombia.—A moniaco del Caribe, S.A., an affiliate of International 
Petroleum (Colombia) Ltda., started construction of a 325-ton-per- 
day ammonia plant and a 167-ton-per-day nitric acid plant.'* Con- 
struction of a nitrogenous fertilizer plant near Cartagena was begun 
in April 1961 with completion scheduled for late 1962. A newly 
established company, Abonos Colombianos, S.A. (ABOCOL), was to 
operate the plant.!5 

Ecuador.—The Government of Ecuador recommended a plant for 
the manufacture of ammonium sulfate with an adjoining sulfuric 
acid plant as the first step in providing the country with a fertilizer 
industry.!* 

Peru.—A contract was awarded a German engineering group to con- 
struct a nitrogenous fertilizer plant at Cuzco with a daily capacity of 
about 190 tons of ammonium nitrate.” 


1! Chemical Trade Journal and Chemical Engineer. Notes From Abroad. V. 149, No. 
8879, Oct. 6, 1961, p. 756. 

12 Chemical € Engineering News. Industry € Business Concentrates. V. 39, No. 35, 
Aug. 28, 1961, p. 17. 

3 U.S. Embassy, Santiago, Chile. State Department Dispatch 166. Sept. 14, 1961, p. 3. 

14 Chemical Age. Ammonia Fertiliser Complexes Planned in Colombia. V. 86, No. 2190, 
uo 1901, p. 23 

1 


urenu of Mines. Mineral Trade Notes. v. 53, No. 5, November 1961, p. 39. 
16 Chemical Age. Fertiliser Industry for Ecuador. V. 86, No. 2211, Nov. 25, 1961, 
p. 857 


17 Chemical Trade Journal and Chemical Engineer. Fertilisers in Peru. V. 149, No. 
3883, Nov. 3, 1961, p. 970. 


B. 
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Belgium.—A Belgian royal decree, effective on October 1, 1961, re- 
vised specifications for what may be lawfully sold as ammonium 
nitrate. The minimum acceptable nitrogen content (ammoniacal 
nitrogen and nitric nitrogen) was increased from 15.5 percent to 22 
percent.!? 

Denmark.—Plans were completed for Denmark's first nitrogen fixa- 
tion plant, to be built at Grenaa, Jutland.!? 

France.—Société Belge de l'Azote et des Produits Chimiques du 
Marly (S.B.A.), Liége, Belgium, was awarded a contract for design- 
ing a 150-ton-per-day ammonium nitrate plant for Ammonia, S.A.?“ 
A new nitrogen fertilizer plant by Société Chimique de la Grande 
Paroisse was announced, and preparatory work on the site, between 
Donges and Montoir, was completed.?! 

Hungary.—A 350,000-ton-per-year nitrogenous fertilizer plant was 
under construction at Tiszapalkonya.?? 

Ireland.— The Ministry of Industry & Commerce announced plans 
for constructing a nitrogenous fertilizer plant at Arkloe 2 

Netherlands.—AÀ new ammonium nitrate plant was under construc- 
tion, commissioned by N. V. Maatschappij tot Exploitatie Van Kook- 
EE The capacity of the plant was stated to be 285 tons per 

ay.“ 

Norway. Norsk Hydro-Elektrisk Kvaelstofaktieselskab completed 
the first stage of an ammonia plant expansion program at Glomfjord, 
increasing production to over 70,000 tons per year. Norway's state- 
owned concern, Norsk Koksverk, planned construction of a 50,000-ton- 
perja ammonia plant in connection with the coke plant being built 
in Nord-Rana.?* 

Poland.—Polimex, a state-held trade organization, contracted with 
the British firm, Constructors John Brown Ltd., to design and build 
three oxygen and nitrogen plants for ammonia production at Tarnow. 
The total capacity of these plants, which were to come on stream 
over the next 5 years, was to be 1,000 tons per day.” The British 
Davy-Ashmore engineering group subsidiary, Power-Gas Corp. Ltd., 
received a contract for constructing a 500-ton-per-day urea plant, the 
first of five according to Poland’s present 5-year plan.” 

Rumania.—A 6-year plan was established (1961-66) to increase an- 
nual nitrogen production for fertilizers to about 800,000 tons by 1965. 


Waa Fertilizer. The International Scene, Belgium. V. 103, No. 2, August 
„ p. 46. 

19 Chemical Trade Journal and Chemical Engineer. Nitrogen Production in Denmark. 
V. 149, No. 3884, Nov. 10, 1961, p. 1010. 

2 Commercial Fertilizer. Around the Map, France. V. 103, No. 3, Sepetmber 1961, 


. 35. 
Ve? Chemical Trade Journal and Chemical Engineer. New Nitrogen Fertiliser Plant for 
France. V. 149, No. 3878, Sept, 29, 1961, p. 709. 

2 Chemical Ace. Mammoth Nitrogen rertiliser Plant Will Boost Hungarian Output. 
V. 85, No. 2167, January 1961, p. 150. 

2 Foreign Commerce Weekly. World Trade Leads. V. 66, No. 13, Sept. 25, 1901, p. 20. 

Chemical Age. Overseas News, Holland. V. $6, No. 2208, Nov. 4, 1961, p. 721. 

æ Chemical Aze. Oversens News, Norsk Hydro Complete First Stage of Ammonia Ex- 
pansion, V. 85, No. 2174, Mar. 11, 1961. p. 411. 

2 Commercial lFertilizer. Around the Map, Norway. V. 103, No. 1, July 1961, p. 62. 
% 5 C.P.I. News Brlefs— International. V. 68, No. 19, Sept. 18, 

E pp. 2a . 25; 

Fertiliser and Feeding Stuffs Journal. Research Digest, Urea Plant for 

V. 54, No. 13, June 28, 1961, p. 572. SEN SE EES 
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Existing plants were being expanded, and new plants were under 
construction.” 

Spain.—Three nitrogen-producing plants were under construction: 
Empresa Nacional de Siderurgica at Avilés, Refineria de Petroles de 
Escombreres S.A. (REPESA) at Cartagena, and Abonos Sevilla at 
Seville. The total annual capacity in nitrogen equivalent of these 
plants was stated to be 210,000 tons.*° 

U.S.S.R.—Techmashimport, the Soviet trading organization, con- 
tracted Société Etudes et Recherches Industrielles (ERI), Brussels, 
to supply a new ammonia plant using the process of Société Belge de 
PAzote et des Produits Chimiques du Marly (SBA), Liége, Belgium. 
Two other plants by ERI and SBA were nearing completion.“ 

United Kingdom.—Construction began on a new ammonia plant for 
Nitrogen Fertilisers Ltd. at Flixborough, Lincolnshire.“ 

Yugoslavia.—A nitrogen fertilizer plant was built at Lukovac (cen- 
tral Bosnia) for Korsara Boris Kidric. The production rate given 
was 120,000 tons per year.“ 


ASIA 


India.—In February 1961, India was reported to have an established 
combined-plant capacity for nitrogenous fertilizer of 277,325 short 
tons of contained nitrogen. Four plants, totaling 253,000 tons capac- 
ity, were under construction at Rourkela, Orissa; Neyveli, Madras; 
Trombay, Maharashtra; and Ennore, Madras. In addition, five plants 
were approved and eight proposed that when completed would give 
India a productive capacity of over 1 million tons of contained nitro- 
gen per year.“ 

Indonesia.—Morrison-Knudsen International Constructors, Inc., 
Boise, Idaho, was awarded a contract to design and construct a 100,000- 
ton-per-year urea plant at Palembang, Sumatra.“ 

Iraq.—The first fertilizer P for Iraq was under construction near 
Basrah on the Persian Gulf. U.S.S.R. equipment was used, and the 
planned annual output in 1965 included 116,000 tons of ammonium 
sulfate and 56,000 tons of ammonium nitrate.” 

Malaya.—Plans for a new urea plant at Port Dickson were nearing 
complet ion.“ 

Pakistan.— East Pakistan's new urea plant at Fenchuganj was dedi- 
cated. When in full production, it was expected to produce 117,000 
tons of urea annually.** 


7 Nitrogen. Expansion of Nitrogen Production in Roumania. No. 11, May 1961, p. 34. 

% Nitrogen. Spain's Nitrogen Industry. No. 12, July 1961, p. 6. 

1 & Industry (London). Ammonia Plant Contract. No. 86, Sept. 9, 1961, 
p. . 

2 Chemical Age. Chemico Start Work on New Ainmonia Plant at Flixbo i . 85. 
No. 2183, Mav 13, 1961, H 763. EE e? 

SE Age. Itallan-Bullt Plant in Yugoslavia. V. 86, No. 2208, Nov. 4, 1961, 
p. 721. 

*Turenau of Mines. Mineral Trade Notes. V. 52, No. 6, Tune 1961, pp. 27-31. 
su ehem Age. U.S. Contract for Indonesian Urea Plant. V. 85, No. 2178, Apr. 8, 

i p 585. 

m Chemical Trade Journal and Chemical Engineer. Notes From Abroad. : A 
$874. Sept. 1, 1961, p. 480. i M Vode Re 
100 ERT and Drug Reporter. Urea Project Progresses. V. 180, No. 12, Sept. 18, 

yy. p. 1 8 

„ Fertilizer. Around the Map. Pakistan. V. 102, No. 2, February 1961, 
p. 25. 


eee ——— 
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Philippines. A large copper plant using a new process which would 
produce 100,000 tons of byproduct ammonium sulfate fertilizer per 
year was proposed.“ 

Taiwan.—An agreement was signed by Chinese Petroleum Corp. of 
Taiwan, Socony Mobil Oil Co., and Allied Chemical Corp., whereby 
US$22.5 million was to be made available for the construction of & 
new 100,000-ton-per-year urea plant and new ammonia-producing 
e Ke for the Nankang plant. Taiwan imported 330,000 tons 
of ammonium sulfate from Japan during the year ending June 30, 
1961. 

United Arab Republic (Syria Region). —It was reported that the 
U.S. S. R. will build a US$28 million ammonium nitrate plant at Homs. 
The first unit, capable of producing 60,000 tons per year, was planned 
for completion in 1965.* 

Viet-Nam.—South Viet-Nam planned its first chemical center at 
An-Hoa, 360 miles northeast of Saigon; the center would produce de 
proximately 55,000 tons of urea and 8,000 tons of calcium cyanamide 
annually. Another urea plant was in the planning stages for cen- 
tral Viet-Nam; it initially would produce 33,000 tons annually, but 
later would be increased to 80,000 tons.“ 


AFRICA 


Rhodesia and Nyasaland, Federation of.—The Federal Ministry of 
Commerce and Industry completed a survey and published a report 
on the production potential for nitrogenous fertilizer and explosives. 
U.S. firms were invited to submit proposals to the Ministry for the 
establishment of a nitrogenous fertilizer factory at Salisbury.* 
Kamativi Mines Ltd. in southern Rhodesia began using ammonium 
nitrate-diesel fuel mixtures for blasting in both underground and 
open- pit operations.“ 

isia.—A feasibility study, completed by W. R. Grace & Co. for 
the Société Tunisienne de Banque, recommended the construction near 
Sfax of a nitrogenous fertilizer plant which would have an annual 
capacity of 79,000 tons of ammonium nitrate and 14,000 tons of anhy- 
drous ammonia.“ 

Union of South Africa.—The African Explosives and Chemical In- 
dustries, Ltd., urea plant at Modderfontein began production. It was 
stated that over US. $8 million a year in foreign exchange will be 
saved by the plant.** 

United Arab Republic (Egypt).—The second stage of the nitrogen fer- 
tilizer plant facilities at Aswan, Egypt, was put into operation, in- 
10% Quarry Engineering. Copper Plant in the Philippines, V. 27, No. 6, June 
Ar "Chemicals. datetuational Market Report, Formosa" V. IG. Nes , JOE, 

a V 20a, Nor di October T001, p.48 
“Chemical Trade Journal and Chemical Engineer. Fertilisers in Viet-Nam. V. 148, No. 


8854, Apr. 14, 1961, p. 807. 
3 Commercial Fertilizer. International Scene, Rhodesia. V. 103, No. 2, August 1961, 


p. 47. 
* Mining Journal (London). Opencast Blasting at Kamativi, S. R 

6557, Apr. 21, 1981, pp. 441, 443. E hodesta, V. 256, No. 
Bureau of Mines. Mineral Trade Notes. V. 52, No. 5, May 1961, pp. 24, 25. 
æ Commercial Fertilizer. Around the Map, Africa. V. 102, No. 2, February 1961, p. 61. 
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creasing the daily production of ammonium nitrate-limestone from 
1,200 to 1,600 tons.“ 


OCEANIA 


Australia.—The Australian Minister of Trade imposed a temporary 
duty on imported nitrogenous fertilizers. Products containing nitro- 
gen imported for use other than as fertilizers were exempt.* It was 
reported that Imperial Chemical Industries of Australia and New 
Zealand Ltd., expect to build a large plant at Botany to produce am- 
monia, ammonium nitrate, nitric acid, urea, and methanol. Produc- 
tion from the first unit was planned for 1963.51 


TECHNOLOGY 


A new low-cost process for producing high-purity nitrogen at pres- 
sures suitable for direct use developed by Petrocarbon Developments, 
Ltd., London, and used in England in 1960, was reported used for the 
first time in the United States. E. I. du Pont de Nemours E Co., 
Inc., and Engelhard Industries, Inc., developed a method for recover- 
ing pure nitrogen from waste gases of the Du Pont nitric acid plant at 
1 N. J. It was claimed that the method was successful as an 
air- pollution control and economical in that enough valuable chemi- 
cals were recovered to offset operational costs.“ 

Research and Development Division, Engelhard Industries, Inc., 
reported on a method for removing carbon monoxide from ammonia 
synthesis gas.“ 

Dutch State Mines described a new approach to making urea with 
a low-biuret content. Prills were blanketed in a vessel with ammonia 
under pressure, which caused the biuret to revert to urea.55 

A way to select the most economical method to fractionate ammonia- 
water vapors was reported by United States Steel Corp.** 

A Japanese plant disclosed it would switch its recycle urea plant to 
& new type, total carbamate recycle. It was reported that studies 
showed Pont capacities can be increased 50 percent for an added capi- 
tal investment equal to 25 percent to the original investment for the 
conversion." 

The flowsheet of the Cooperative Farm Chemicals Association urea 
plant at Lawrence, Kans., was fully described.“ 


ier ent and Drug Reporter. Fertilizer Plant Progresses. V. 180, No. 9, Aug. 28. 
s Chemical pe Overseas News, Australlan Levy on Imported Nitrogen Fertilizers. 
V. 85, No. 2185, May 27, 1961, p. 857. 
8! Chemical Age. Project News, Ammonia Complex for I.C.I. Australia. V. 86, No. 2192, 
July 15, e 89. 
Chemical Engineering. Chementator. V. 68, No. 18, Sept. 4, 1961, p. 60. 
85 Chemical Engineering. Process Wrings Pure Nitrogen From Nitric Fumes. V. 68, 
No. 21, Oct. 16, 1981, PR: 102, 104. 
5% Anderson, Holger C., and William J. Green. Removing Carbon Monoxide From Am- 
monia Synthesis Gns. Ind. and Eng. Chem., v. 53, No. 8, Aucust 1961, PE 845, 648. 
55 Chemical Engineering. Ammonia Blanket Gives Low-Biuret Urea Prills. V. 68, No. 
22, Oct. 30, 1961. p. 60. 
Fields, M. C. Recovering Ammonia From Ammonla-Water Vapors. Ind. and Eng. 
Chem., v. 53, No. 2, February 1961, pp. 131-138. 
8: Chemical Week. Technology Newsletter. V. 89, No. 1, July 8, 1961, pp. 57, 58. 
e Chopey, N. P. Fresh Ideas Improve Urea Process. Chem. Eng., v. 68, No. 14, July 
10, 1961, pp. 116-118. 
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A Swedish process giving good nitroform yields with low acid loss 
was reported. Success of the process was attributed to a special two- 
stage distillation method. 

new nitric acid process developed by Hercules Powder Co. was 
reported. Ammonia is oxidized to produce 60 percent nitric acid 
which is then concentrated to 99.99 percent by extractive distillation.” 

An economical process to recover about 65 percent of the ammonia 
from pulping eflluent was reported.” 

A duid-bed process that was claimed to be a superior method for 
ammoniating superphosphate was developed in Czechoslovakia. The 
superphosphate is fluidized by a current of air and ammonia. "The 
ammonia absorption rate in the fluid layer was said to be much higher 
than in conventional units. Also, initial and operating costs were 
stated to be lower.” 

An automatic instrument for determining nitrogen by the Kjeldahl 
wet-digestion method was marketed by Technicon Controls, Inc. The 
company claimed that 1 man operating 2 automatic digesters can make 
at least 320 analyses per 8-hour shift.“ 

Ammonium nitrate-fuel ol (AN-FO) explosives were tested in 
underground blasting in Canada, and the results were reported.“ 

Stanrock Uranium Mines Ltd. used AN-FO underground on a 
production scale at its Quirk Lake, Ontario, mine. This was re- 
portedly the first underground use of AN-FO in Canada and appre- 
ciable reductions in cost of blasting supplies and loading time were said 
to result. A significant step forward was made by using an insensi- 
tive blasting agent in place of a high explosive. Under operational 
conditions, no significant difference was detected between the gases 
produced by AN -FO and by fume class 1 explosives.** 

Armour Industrial Chemical Co. and The Dow Chemical Co. devel- 
oped a process for producing oxygen-free hydrogen. Ammonia is dis- 
sociated by conventional high-temperature cracking in the presence of 
a catalyst, and the nitrogen is removed from the combined gas in a 
battery of three absorption units containing activated charcoal. The 
only impurity in the final product is a small amount of nitrogen. 
With a leaktight system there is no possibility of oxygen contami- 
nation, and the process precludes contamination from CO or CO,.** 

Spacecraft to use liquid nitrogen engines were reported in the de- 
signing stages at The Martin Co.” 

The use of liquid nitrogen to cool refrigerated rail cars, truck trail- 
ers, and delivery trucks was spearheaded by Linde Co., a division of 


æ Chemical & Engineering News. Special Distillation Recovers Nitroform. V. 89, No. 
25, June 19, 1961, pp. 69. 70. 
€ Chemical Week. Technology Newsletter. V. 88, No. 9, Mar. 4, 1961, p. 51. 
© Chemical Week. Ammonia Recovery: Bonus for Pulpers. V. 88, No. 20, May 20, 1961, 
. 55, 56. 
10 commercial Fertilizer. “Fluid Bed" Ammoniating Process. V. 108, No. 4, October 
51. p. ; 
I 10 & ee News. Kjeldahl Analysis Made Automatic. V. 89, No. 28, 
uly 10. „P. 53. 
6 Northern Miner. Underground Use of Ammonium Nitrate Seen Revolutionary Cost- 
Cutting Step. V. 47, No. 25, Sept. 14, 1961, p. 23. 
es Hunkin, G. G., R Drozd. and L. A. Gibbons. The Application of Ammonium Nitrate 
Fuel Oil Explosives in Underground Mining at Stanrock. Canadian Min. and Met. Bull., 
v. 54, No. 593, September 1961, pp. 667-672. 
e Chemical Trade Journal and Chemical Engineer. Hydrogen From Ammonia. Y. 148, 
No. 3851, Mar. 24, 1961, p. 640. 
199 ER and Rockets. Martin Reveals Nuclear ASP Concept. V. 9, No. 10, Sept. 4, 
» D. 14. 
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Union Carbide Corp. It was predicted that in-transit refrigeration 

would become the largest liquid nitrogen market within a few years.“ 
An interesting but limited new use for ammonium nitrate was re- 

ported. It was applied to ski runs to prolong the skiing season.“ 


e Chemical & Engineering News. Liquid Nitrogen Moves Into Refrigeration. V. 89, No. 
84, Aug. 21, 1061, p. 24 


e Commercial Fertilizer. Of This and That. V. 108, No. 4, October 1961, p. 72. 


Perlite 


By John W. Hartwell? and Victoria R. Schreck? 


A 


RODUCTION of crude perlite in the United States in 1961 was 
P 3 percent less than in 1960. Output of expanded perlite also was 
about 3 percent less. 


DOMESTIC PRODUCTION 


Crude Perlite. Crude perlite was produced by 15 companies from 
16 mines, compared with 12 companies and 14 mines in 1960. 

The quantity of crude ore used in producer’s plants was 16 percent 
greater than in 1960, and the quantity of crude sold to expanders was 
8 percent less. 

he State of New Mexico continued to lead in producing crude 

praes 909,100 short tons were mined, 81 percent of the U.S. total. 

ther producing States, in order of output, were Nevada, California, 
Arizona, Colorado, Idaho, and Utah. 

Expanded Perlite.—Perlite was expanded in 30 States by 68 companies 
at 102 plants, compared with 29 States, 60 companies, and 87 plants 
in 1960. Idaho was added to the list of States expanding perlite in 
1961. The greatest number of expanders was in California, 14; fol- 
lowed by Pennsylvania, 7; Texas, 6; Illinois, New Mexico, and New 
York, 5 each; and Colorado, Nevada, and New Jersey, 4 each. 

Erection of a crushing and screening plant at a perlite deposit in 
central Lake County, Oreg., was planned. 

A new company began mining perlite from a deposit near Lovelock, 
Nev., and planned to build an expanding plant at Stockton, Calif. 

Oneida Perlite Corp. began mining perlite at deposits 25 miles 
north west of Malad, Oneida County, Idaho. The ore was processed 
in a new plant near the mine. The expanded product was marketed 
chiefly in the Rocky Mountain States as a building-plaster aggregate. 

Great Lakes Carbon Corp. closed its perlite plant at Socorro, 
N. Mex., because sales were not enough to maintain a profitable opera- 
tion. The plant had been operating since 1947. Great Lakes con- 
tinued its perlite operations at No Agua, N. Mex., and Antonito, Colo. 
The Antonito perlite plant began processing in 1961. Final process- 
ing and grading were almost completely automated. The annual 
capacity of the plant was 24,000 tons of filter aid products and was 
so designed that additional capacity could be added when needed. 


1 Commodity specialist, Division of Minerals. 
3 Statistical clerk, Division of Minerals. 
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TABLE 1.—Crude and expanded perlite produced and sold or used by producers 
in the United States 


(Thousand short tons and thousand dollars) 


Crude perlite Expanded perlite 
Used at own 
Year plant to make ex-| Total Sold 
panded material | quantity | Quan- 
sold and | tity pro- 
used duced 
Value Quan- | Value 
tity 

1952-56 (average) $399 207 207 | $10, 643 
%o ͤ : 832 249 245 12,511 
I : 810 92 241 239 12, 373 
pus RR 891 pd 256 273 14,187 
1900 as L 818 : 248 244 13, 048 
c 998 240 235 12. 605 


TABLE 2.— Expanded perlite produced and sold by producers in the United States 


(Thousand short tons and thousand dollars) 


1960 1961 
Sold 
State Quan- 
tity Value 
pro- 
duced | Quan Quan- 
tity tity Aver- 
Total | age per 
ton 
California. .................- 24 24 22| $1,374 $63. 77 
Fons ³ Ren 9 9 7 452 61. 00 
Kansas....... AAA ces 1 1 1 53 13. 10 
Miehg n 5 5 4 237 56. 09 
New Jersey 2222 9 9 10 626 62. 08 
New York..................- 18 18 14 662 41. Y 
Pennsylvania............... 17 17 16 1, 037 66 02 
pus cod MANU ME TN 23 23 24 1, 424 58. 68 
Other Eastern States 1. 86 84 77 4, 408 57.07 
Other Western States 1. 56 54 2,332 39. 01 
Ketter re 248 244 | 13,046 53. 46 240 235 | 12,605 53. 59 


1 Includes Illinois, Indiana, Maryland, Massachusetts, Now Hampshire, North Carolina, Ohio, Ten- 
nessee, Virginia, and Wisconsin 


2 Includes Arizona, Colo ‘ado, Idaho (1961), Iowa, Louisiana, Minnesota, Missouri, Nebraska, Nevada, 
New Mexico, Oregon, and Utah. 


The new Johns-Manville Perlite Corp. mill at No Agua, N. Mex., 
began operating in December 1960 at a capacity of 150,000 tons an- 
nually, and was reported to be the world’s largest processing plant. 
The deposit, covering an area of 2,000 acres, and ore reserves were 
enough to last for more than 100 years at the 1961 rate of production. 
The milled perlite was trucked to a Johns-Manville blending and 
loading plant in Antonito, Colo. : 


CONSUMPTION AND USES 


The following end-use percentages for expanded perlite were re- 
ported by producers: Building-plaster aggregates, 50; filter aids, 21; 
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concrete aggregate, 16; insulation (loose fill), insulation (other), soil 
conditioning, and filler, 2 each; oil well cement and wallboard, 1 each; 
and miscellaneous uses, 4. 

PRICES 


The average value of crushed, cleaned, and sized perlite, sold to 
expanders, was $8.49 per short ton, f.o.b. producers’ plants, compared 
with $8.64 in 1960. The average value of crude perlite expanded by 
prime producers was $8.75, compared with $8.31 in 1960. weighted 
average price of these two categories of crude perlite was $8.59 in 
1961, less than 1 percent more than in 1960. 

The average price of all expanded perlite sold in 1961 was $53.59 
per ton, about the same as in 1960. 


FOREIGN TRADE 


Crude pte may be imported duty-free under paragraph 1719 of 
the Tariff Act of 1930. Expanded perlite has had a duty at 15 per- 
cent ad valorem since Jan. 1, 1948. 


WORLD REVIEW 


In 1961 the United States produced, expanded, and used more per- 
lite than any other country. 

Bulgaria.—Deposits of perlite have been reported in many areas of 
Bulgaria. Expanding plants with annual capacities of nearly 75,000 
cubic feet were to be built at Kurdyali, Rousse, Varna, Bourgas, and 
Sofia during 1961.* 

Canada.—Perlite ore occurs in British Columbia but has not been 
developed commercially. All the crude perlite used during 1960 was 
imported from the United States. About 104,000 cubic yards of 
expanded perlite valued at Can$832,000 was produced from the im- 
ported crude material. The quantity expanded was 18 percent less 
and its value was 17 percent less dian in 1959. Seven companies 
processed perlite at eight plants in Alberta, British Columbia, Mani- 
toba, Ontario, and Quebec. 

Prices for expanded perlite were quoted at 25 to 35 cents a cubic 
foot in bags of 3 to 4 cubic feet. 

In 1960, 86 percent of the expanded perlite was used as an aggregate 
in plaster, compared with 81 percent in 1959 and 91 percent in 1958; 
5 percent was used as an aggregate in insulating concrete, compared 
with 13 percent in 1959 and 3 percent in 1958; and 9 percent was used 
in acoustic tile and plaster, insulation, stucco, horticulture, and for & 
few miscellaneous purposes, compared with 6 percent in both 1959 
and 1958.* 

U.S.S.R.—Deposits estimated to contain 21 million cubic yards of 
»erlite were found in Buryat, A. S. S. R., near the southern tip of Lake 
Baikal. Expanding plants were built, and commercial production 
was started. Thecapacity and output of the plants were not revealed.* 


3 Mining Journal (London). Mining Miscellany. V. 256, No. 6547, Feb. 10, 1961, p. 157. 

* Wilson, H. S. Lightweight Aggregates 1960 (Preliminary). Canadian Min, Ind. 
Dept., Min. and Tech. Surveys, Ottawa, Rev. No. 29, 1960, pp. 1-5. 

Š Mining Journal (London). Mining Miscellany. V. 258, No. 6595, Jan. 12, 1962, p. 40. 
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TECHNOLOGY 


A paper was presented containing information on the history, geol- 

Re mining, milling, processing, uses, and outlook for perlite.* 

erlite from Arizona, California, Colorado, Nevada, New Mexico, 
and Utah was discussed in an article that contained information on 
history, definitions, specifications, geology, petrology, mining, milling, 
expansion, uses, substitutes, research, development, reserves, produc- 
tion, consumption, prices, and a bibliography." 

Yearly production, the quantity used as a filter aid, and the cost of 
perlite were estimated in an article which described the growth of 
the filter aid industry. A short history of the leading perlite pro- 
ducers was included.“ 

Some grades of perlite were said to be described as better filter aids 
than diatomite. Perlite formed filter cakes with densities 20 to 30 
percent lower than comparable diatomite grades. When other require- 
ments of the filtration could be met satisfactorily, the lower density of 
perlite cake was advantageous.? 

Fifteen brands of high-temperature block insulation, including some 
made of perlite, were evaluated for petrographic composition, bulk 
density, permeability, modulus of rupture, resistance to water disinte- 
gration, hot compressive strength, refractoriness, and thermal 
conductivity.” 

Expanded perlite powder was considered as an insulator for cryo- 
genic applications.” 

The relation of the properties of various aggregates, including 
perlite, in plaster were discussed; methods of testing expanded perlite 
were proposed; data on the strength and dimensional changes in per- 
lite plaster were described.” 

The Perlite Institute, New York, N.Y., issued information on the 
use of perlite in insulating concrete. Detailed instructions on transit 
and job mixing were included.? Another release by the same organ- 
ization contained data on perlite as a lightweight plaster aggregate. 
Detailed specifications for perlite applications in plaster and in fire- 
proofing were given.“ 

A method of and an apparatus for expanding perlite or exfoliating 
vermiculite was patented.’ 


e Barnes, Richard E. The Perlite Industry. Paper pres. at AIME, St. Louis, Mo. (Pre- 
print No. 61H83), Feb. 26-Mar. 2, 1961, 11 pp. 

1 Sharps, Thomas I. Perlite in Colorado and Other Western States. Colorado Sch. 
Mines, Miner. Ind. Bull., v. 4, No. 6, November 1961, pp. 1-16. 

* Chemical Week. In the Bag: Filter-Ald Growt V. 89, No. 6, Aug. 12, 1961, pp. 


83. 

* Jackson, Thomas M., Jr. Filter Aids Speed Up “Difficult” Filtrations. Chem. Eng. 
v. 68, No. 6, Mar. 20, 1961, pp. 141-146. 

V Eusner, G. R., and J. T. Shapland. Block Insulation for Stoves and Bustle Pipes. 
Am. Cern m. Soc. Bull., v. 40, No. 7, July 1961, pp 439—444. 

11 Materials in Design Engineering. The Role of Materials in Cryogenics. V. 54, No. 1, 
July 1961. P: 14. La Fave, I. V., and I. L. Wisemiller (assigned to emerge Bridge & Iron 
co, Insula ted Le ee Storage Tank. U.S. Pat. 2,999,366, Sept. 12, 1961. 

Russell, J. J., F. A. Blakey, and R. D. HIN. Mechanical Properties and Dimensional 
Changes of Some Perlite Plasters. Commonwealth Sci. and Ind. Res. Organization, Divi- 
sion of Building Res., Melbourne, Australia, Tech. Paper No. 9, 1960, 32 pp. 

P Perlite Institute, Inc. Perlite Concrete. Sec. 1C, Perlite Design Manual, 1961. 

^ Perlite Institute, Inc. Perlite Lightweight Plaster Aggregate Catalog. A LA. File 
Nos. 21-A-5 and 21-C-1, 1961. 

9 Robinson, D. W. (assigned to Zonolite Co.). Method of and Apparatus For Heat 

sing Particulate Solids. U.8. Pat. 3,010,911, Nov. 28, 1961. 
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A patent was granted for a filter aid composition made of expanded 
erlite particles of less than 200-mesh and a nonswelling montmoril- 
onite clay.“ 

A filtering composition used in producing evaporator plates for air- 
conditioning units was developed.!“ 

A method of making a ready-mixed gypsum plaster containing ex- 
panded perlite or exfoliated vermiculite and a wetting-antifoaming 
agent was patented.!* 

Another patent on an improved plaster mix for acoustical or heat- 
insulating purposes using perlite was granted.“ 

A plastic insulating composition consisted of expanded perlite or 
exfoliated vermiculite, asbestos fiber, and other materials.” 

Two types of refractory materials consisting of expanded perlite 
and a ceramic bond were developed in Hungary. One type was re- 
ported to withstand temperatures up to 900° C. and the other to 
1,350° C. Both have heat insulating properties reported to be supe- 
rior to other Hungarian and foreign refractories.” 

Perlite ore admixed with a white refractory metal oxide was heated 
in the range of 1,500° to 2,100° F. to expand the particles. The 
patented product was said to have improved light-reflecting 
properties.?? 

A process for making thermal insulating shapes with about 48 
percent 100-mesh expanded perlite particles, 10 percent chrysotile, 12 
percent swelling bentonite, 15 percent plastic magnesia, and 15 per- 
cent calcined diatomite was patented.” 

Two patents were granted on compositions for refractories. One 
was for a lightweight castable refractory using 6 to 12 percent ex- 
panded perlite ?* and the other for a basic refractory in insulating 
shapes, containing 15 to 25 percent expanded perlite.? 

A patent was issued for a water-repellent aggregate made by mixing 
hot bituminous particles with a lightweight aggregate such as ex- 
panded perlite.” 

A lightweight and water-impervious blasting plug was patented. 
It consisted of a shaped mixture of cement, mortar, and a lightweight 
aggregate such as expanded perlite.? 


3 McCollum, Louis S., and Sol Gindoff (assigned to International Minerals 4 Chemical 
Corp.). Filter Ald. U.S. Pat. 2,967,149, Jan. 3, 1961. 

17 Breiner, R. C., and R. G. Quinn (assigned to Johns-Manville Corp.). Humidifier 
Plates. U.S. Pat. 3.007.841, Nov. 7, 1961. 

18 Hampton, A. L. (assigned to U.S. Gypsum Co.). Plaster Composition. U.S. Pat. 
2,980.548, Apr. 18, 1961. 

19 Sucettl, G. Dry Plaster Mix Comprising Angrerate, Clay, Cellulose Derivative and 
Amine Aldebyde Resin. U.S. Pat. 2.993.016 July 18, 1961. 

2 Sucetti, G. Insulating Composition Containing Sodium Carboxymethylcellulose, Alu- 
minum Acetate and ary be Acetate. U.S. Pat. 2,993,017. July 18. 1961. 
1 Journal (London). New Refractory Material. . 257, No. 6592, Dec. 22, 

61. p. 657. 

2 Houston. H. H. (assigned to International Minerals & Chemical Corp.). Improving 
the Light Reflectance of Expanded Perlite Material. U.S. Pat. 2.977.240, Mar. 28, 1961. 
2 Heilman, R. H., R. W. Ortmiller and A. P. Mueller (assigned to The Philip Care 
ue Ohi Insulation Material and Method of Making Same. U.S. Pat. 2,971,878, 

eb. 14. A 

* Charles, G. W., and A. R. Lesar (assigned to A. P. Green Fire Brick Co.). „ 
Refractory Castable and Method of Manufacture. U.S. Pat. 8,010,835, Nov. 28, 1961. 

* Miller, E. D., Jr. (assigned to Ha»bisun-Walker Refractories Co.). Basic Refractory 
ve e U.S. Pat. 3,008,842, Nov. 14. 1961. 

* Goff. D. C.. and G. E. Ziegler (assigned to Zonolite Co.). Water Repellent Aggregate. 
U.S. Pat. 3,010,840, Nov. 28, 1961. 

m E:\lney, R. E., and R. McGee (said McGee assigned to said Edney). Blasting Plug. 
U.S. Pat. 2,995,087, Aug. 8, 1961. 
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Expanded perlite fines were used to improve the weight-suspending 
ability of a water-in-oil emulsion well fluid.“ 

Foreign patents not formerly issued in the United States were 
granted on a method of making an improved filter aid with expanded 
perlite; ?? a process for making a thermal insulating powder of low 
sensitivity to pressure changes from a mixture of 85 percent expanded 
perlite and the remainder of sand or silica aerogel; “ a fire-resistant 
acoustic ceiling panel made of gypsum plaster, expanded perlite or 
vermiculite, and mineral wool; * and a process of manufacturing an 
insulating material of expanded perlite, sodium silicate, and calcium 
chloride.“ | 


33 Van Dyke, O. W., and W. A. Reddie (assigned to Magnet Cove Barium Corp.). Water- 
yn Ol OR Well Fluid and Materials for Preparing Same. U.S. Pat. 3,006,845. 

ct. 31, d 

22 Kenny, J. W., Jr., and A. R. Bollaert (assigned to Great Lakes Carbon Corp.). 
Canadian Pat. 619,785, May 9, 1961. 
1 L. C. (assigned to Union Carbide Corp.). Canadian Pat. 614,213, Feb. 7, 


21 Harris, J. Australian Pat. 232,806, Feb. 17, 1961. 
e m Na O. V., M. A. Altshuler, and A. G. Sviridov. Soviet Pat. 129,528, 
une > T 


Phosphate Rock 


By Richard W. Lewis? and Gertrude E. Tucker? 


A 


ARKETABLE phosphate-rock production in the United States 
M in 1961 increased for the fourth consecutive year and was 6 
ercent above 1960. Marketable rock sold or used by pro- 
ducers did not keep pace with production and increased only 4 percent. 
A world production record was also set, which was an increase of 7 per- 
cent over 1960, the previous record year. U.S. imports were 4 per- 
cent higher. Exports as reported by domestic phosphate-rock pro- 
ducers declined 2 percent. 


TABLE 1.—Salient phosphate rock statistics 


(Thousand long tons and thousand dollars) 


United States: 
Mine production 
P305 cODlent. 222...222... ...-.- 
Marketable production..............- 
P20, content 


Kee 
Average Per ton. 
Consumption, apparent . 
World: Production......................- 


1 Average annual production, 1953-58. 

2 Data on P20, content not available. 

* As reported to the Bureau of Mines by domestic producers. 
4 Measured by sold or used plus imports minus exports. 


DOMESTIC PRODUCTION 


Although the total U.S. production of phosphate rock was a record 
high in 1961, the Western States producers reported a decrease of 22 
ercent from the output of marketable rock in the preceding year. 
‘lorida and Tennessee producers were responsible for the U.S. pro- 
duction record by increasing their production 12 and 15 percent, 


1 Commodity specialist, Division of Minerals, 
3 Statistical assistant, Division of Minerals. 
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rst LONG TONS 


1908 1910 i915 1920 1925 1930 1935 1940 1945 1980 i956 1960 1966 


FicuRB 1.—Production (sold or used), apparent consumption, and exports of 
phosphate rock, 1905-61. 


respectively. Florida furnished 74 percent of the total domestic 
output of marketable phosphate rock; the Western States contributed 
14 percent; Tennessee, 12 percent. 
he phosphate industry continued active in expanding its facilities 
in Florida. American Cyanamid Co. expanded its Brewster opera- 
tions, raising its capacity for producing phosphoric acid to 400,000 
tons per year. Armour Agricultural Chemical Co. installed two new 
dust collectors in its phosphate mill near Bartow, was constructing 
a new phosphate processing plant at Fort Meade to be completed early 
in 1962, ordered a 35-cubic-yard dragline excavator for mining roc 
to feed the Fort Meade plant, and purchased 880 acres of Polk County 
5 land, about 3 miles west of Fort Meade. W. R. Grace & 
o., Davison Chemical Division, installed a new dragline excavator 
at the Bonny Lake operations. Another 35-cubic- yard dragline was 
being installed by International Minerals & Chemical Corp. (IMC) 
at the Achan mine, 4 miles south of Mulberry. IMC also added a 
100,000-ton-per-year diammonium phosphate unit to its Bonnie 
phosphate-chemicals plant and was constructing a new plant to 
calcine rock at Noralyn, 4 miles south of Bartow. A new phosphoric 
acid plant at Bartow was put into operation by Swift & Co. U.S. 
Phosphoric Products Division, Tennessee Corp., planned a 50-percent 
increase in capacity of its Tampa facilities for superphosphates, 
gs re acid, and diammonium phosphate. Expansion of facilities 
or producing calcined phosphate rock at the Nichols plant, of Virginia- 
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Carolina Chemical Corp., was completed, which increased its annual 
capacity for calcining rock by 400,000 tons. 

n Tennessee, Hooker Chemical Corp. purchased the former 
Tennessee Valley Authority (TVA) plant at Godwin from Inter- 
national Minerals & Chemical Corp. Hooker also bought some un- 
developed phosphate reserves in the State and leased mineral rights 
in the Ashwood, Darks, Mill, Shady Grove, and Centerville areas. 

Construction was started on a $3 million, 25,000-kilowatt rotating 
electric furnace for producing elemental phosphorus at Muscle Shoals, 
Ala., by TVA. Annual production of the furnace was stated to be 
16,000 tons of elemental phosphorus, twice the capacity of any 
furnace operated by TVA. However, the overall capacity of the 
plant would remain the same, as the new unit was to replace several 
smaller furnaces. 


TABLE 2.—Mine production of phosphate-rock ore in the United States, by States 


(Thousand long tons) 


53-56 (average) 


19 
1957 


1 Includes hrown rock, white rock in 1953-58, and blue rock in 1954-58. 
3 Includes Idaho, Montana, Utah, and Wyoming. 


The Western States producers also were expanding their facilities. 
The Bunker Hill Co. started producing phosphoric acid at its new 
pan at Kellogg, Idaho. The plant had been completed over 7 months 

efore, but owing to a labor strike had not been operated. Construc- 
tion work continued on a new assay laboratory and sintering plant. 
Collicr Carbon € Chemical Corp. leased about 30,000 acres of sub- 
merged lands, rich in phosphates, off the coast of southern California. 
Duval Sulphur € Potash Co. and Kern County Land Co. began a joint 

rospecting and evaluation program of phosphate reserves at Sublette 
Ridge, near Border, Wyo. International Minerals & Chemical Corp. 
entered into an agreement with Husky Oil Co. for the purpose of 
developing a phosphate-rock deposit at Soda Springs, Idaho, which 
was stated to be the largest known supply of surface-minable phos- 
phate ore in the United States. Consolidated Mining & Smelting Co. 
of Canada, Ltd. was considering the possibility of building a $4 million 
plant in western Montana to process phosphate rock. San Francisco 
Chemical Co. had plans for building five more plants on its Vernal, 
Utah, property. J. R. Simplot Co. purchased The Anaconda Com- 
pany ammonium phosphate plant at Anaconda, Mont., and moved it 
to Pocatello, Idaho, where it was put back into operation. Stauffer 
Chemical Co. announced that its Victor Chemical Division planned to 
construct an elemental phosphorus plant at Vernal, Utah. 
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Other phosphate industry news included the following: General 
Chemical Division, Allied Chemical Corp., began production of phos- 
phoric acid in new facilities at East St. Louis, ill. National Phosphate 
Corp. started expanding its plant in Marseilles, Ill., which when com- 
pleted in 1962 will triple its phosphoric acid capacity. Northwest Co- 
operative Mills, Inc., planned a 100,000-ton-per-year ammonium 
phosphate plant at Pine Bend, Minn., for operation in the summer 
of 1962. Monsanto Chemical Co. completed a new phosphoric acid 

lant at Addyston, Ohio, and started producing a 105-percent product. 
onsanto also announced plans for the construction of a new plant in 
Augusta, Ga., to produce phosphoric acid and tripolyphosphate. 


TABLE 3.—Marketable production of phosphate rock in the United States, by 


States 
(Thousand long tons) 
Florida 1 Tennessee 1 Western States 34 Total United 
States 
Year EE OPES. 
Rock P:10; Rock PO; Rock P:0; 
content content content 
1052—56 (average)... 9, 908 3, 304 1, 822 503 13, 280 4,213 
1957 ü 0, 191 3, 352 1. 973 535 13, 976 4. 356 
193838. 10. 851 3, 593 2. 125 580 14, 879 4, 668 
Le WEE 11, 564 3, 794 2, 550 687 15, 569 4, 939 
19000 2 12, 321 4, 052 3, 256 885 17,516 5, 443 
IDOL os sarita 13, 789 4, 531 2, 535 698 18, 559 5, 804 


1 Salable products from washers and concentrators of land pebble and hard rock, and dricr production 
of soft rock (colloidal! clay). 

2 Salable products from washers and concentrators of brown rock, brown-rock ore (matrix) used directly, 
blue rock in 1954-58, and white rock in 1953-58. 

3 Mine production of ore (rock), plus a quantity of washer and dricr production. 

$ Includes Idaho, Montana, Utah, and Wyoming. 


CONSUMPTION AND USES 


Apparent consumption in 1961 was again higher than in the preceding 
year, increasing 5 percent. 

Producers reported that 5,551,000 long tons (P.O; content) of 
phosphate rock was sold or used in 1961, of which 58 percent was 
used for agriculture, 19 percent for industrial uses, and 23 percent 
for export. 


TABLE 4.—Phosphate rock sold or used by producers and apparent consumption 
in the United States 


(Thousand long tons and thousand dollars) 


Apparent 
Sold or used consump- 
Year tion 


Quantity Value Quantity 


1052-56 (average). EE 12, 836 $70,673 10, 826 
1I3))))))))) 0 ³ ↄQQAA ́ RQQWTQQ0 E cee 14, 597 91,718 11,627 
AA A A 14,757 92. 842 12,171 
///ãõͤ ³ð PA A eater 8 16, 065 99,657 13,157 
E A E MAN 17,202 115, 353 13,337 
111! A x k A ce 17, 812 125, 593 14,058 
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TABLE 5.— Florida phosphate rock sold or used by producers, by kinds 


(Thousand long tons and thousand dollars) 


Hard rock Soft rock ! 
Year Value Value 
PID lll P,Os 
Rock content Rock content 

Total Average Total Average 

per ton per ton 
1952-56 (average).... 86 30 $693 $8. 06 75 $400 $6. 13 
HI T lllililice.zeseze 80 28 682 8. 59 56 401 7.15 
pus EE 76 27 639 8. 40 51 405 7.94 
TTT 76 27 649 8. 54 56 443 7.91 
EE caca 74 26 639 8. 64 45 372 8. 33 
A 73 26 672 9. 16 39 303 7. 87 


Value 


Rock content 
Total Average 
per ton 


9, 554 3,184 | $58, 393 $6. 11 
10, 644 3, 507 67, 946 6. 38 
10, 573 3, 500 67, 353 6. 37 
11, 760 3, 575 72, 863 6. 20 
12, 251 4,019 81, 916 6. 69 
12, 779 4, 202 89, 370 6. 99 


1 Includes material from waste-pond operations. 


TABLE 6.—Tennessee phosphate rock! sold or used by producers 


(Thousand long tons and thousand dollars) 


Value Value 
P30; P2053 
Year Rock | con- Aver- Year Rock | con- Aver- 

tent age tent age 

Total per Total per 

ton ton 
1952-56 (average)...| 1,627 427 812. 102 57. 141959 1. 775 462 813. 286 $7. 47 
19775 1, 778 459 | 11. 857 6.67 | 1960 e 28 1, 927 5)2 | 15,319 7.95 
E ARA 1, 923 501 | 13, 160 6. 84 | 196. 2, 291 592 | 19, 099 8. 34 


1 Includes small quantity of Tennessee blue rock In 1954-58 and white rock in 1922-58. 
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TABLE 7.— Western States phosphate rock sold or used by producers 
(Thousand long tons and thousand dollars) 


Idaho 1 Montana ? Total 
Value 
Y ear 

Aver-| Rock | con- Aver- 

Total | age Total | age 

per per 

ton ton 
1% (average)... $7.03 55 
1057 iaa 7. 04 48 
195822225 7.22 45 
C 7.84 35 
19600. 7. 47 99 
1 22... 7. 67 18 


t Idaho includes Utah in 1952. 

3 Montana includes Utah In 1953-55 and 1961, and Wyoming in 1952-61. 

3 Wyoming data published previously in Phosphate Rock chapters included as follows: 1952-56 (aver- 
age): 28,000 long tons of rock, 9,000 tons of P;0;, valued at $184,000, for 1952 data only; 1957: 182,000 long 
tons of rock, 58,000 tons of Pa, valued at $1,197,000. 


TABLE 8.—Phosphate rock sold or used by producers in the United States, by 
grades and States 


(Thousand long tons) 


Year and grade—B.P.L, 1 
content (percent) 


1961: 


e 
75 basis, 74 minimum 
77 basis, 76 minimum.......... 


! Bone phosphate of lime, Ca (PO): 

3 Fivures combined to avold disclosing individual company confidential data. 
3 Includes 72 grade rock in Western States. 

$ Includes 72 and 75/74 grade rock in Western States. 
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TABLE 9.—Phosphate rock sold or used by producers in the United States, by 
uses and States 


(Thousand long tons) 
Florida Tennessee Western Total United 
States States 
Year and use 
P304 
Rock | con- 
tent 
1960: 
Domestic: 
Agricultural: 
Ordinary superpbosphate.......... 4,270 | 1,436 
Triple superphosphate 3. .........- 4,190 | 1,368 
Direct application to soil.......... 592 182 
Stock and poultry ſeed 285 90 
Other 5 . 46 14 
fr., EEN 392 | 3,000 
Industrial: 
Elemental phosphorus, ferrophos- 
phorus, phosphoric acid........ 804 968 
Other AAA AAA DEES D 4 
rr · AAA 816 972 
Exports . ee ewe eee ee e 994 | 1,290 
Grand total 202 | 6,352 
ës Pe —Á | pe fe fa PE pr 
1061: 
Domestic: 
Agricultural: 
Ordinary superphosphate.......... 4, 462 | 1, 501 
Triple superphosphate ?........... 4,494 | 1,473 
Direct application to soil.......... 546 167 
Stock and poultry ſoed 295 96 
GM 88 21 6 
HN): A a obe wt EE 9,818 | 3,243 
=== 
Industrial: 
Elemental phosphorus, ferrophos- 
phorus, phosphoric &cid........ 4,098 | 1,045 
Other tee une EE, E, EE 8 2 
EOL EEN 377 114 4,106 | 1,047 
Exports KEE 3, 396 ; 3,918 | 1,261 
Grand total..................... 12,779 | 4,202 | 2,291 17, 842 | 5, 551 


1 Included with triple superphosphate. 

3 Includes rock for phosphoric acid (wet process). 

3 Included with “Other” agricultural. 

4 Includes phosphate rock used in calcium metaphosphate, fused tricalcium phosphate, nitraphosphate, 
fertilizer filler, and other applications. 

5 Includes phosphate rock used in pig fron blast furnaces, parting compounds, research, defluorinated 
phosphate rock, refractories, and other applications. 

6 As reported to the Bureau of Mines by domestic producers. 

? Included with stock and poultry feed. 

$ Less than 1,000 tons. 
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STOCKS 


Producer’s stocks at the end of 1961 were 19 percent higher than at 
yearend 1960. 


TABLE 10.—Producer stocks of phosphate rock, December $1! 


(Thousand long tons) 


1961 
Source 
Rock P20; Rock P:0; 
content content 
PIQUA. eege ec cd eco eue e E A IA AE 2, 484 820 3, 494 1, 149 
AA ARAS 258 74 202 7 
Wei ð EES 3 991 3 263 754 204 
o A ] EE 3,733 1, 157 4, 450 1, 410 


1 As reported to the Bureau of Mines by domestic producers. 
3 Includes a quantity of washer-grade ore (matrix). 
3 Includes inventory adjustments, 


PRICES 


Prices for Florida land-pebble phosphate rock remained firm through 
August, as quoted by Oil, Paint and Drug Reporter. The September 
6, 1961, issue quoted a 23-cent-per-ton increase on all grades. The 

rice was based on fuel oil at $2.52 per barrel and Jabor at $1.72 per 
jour. Prices were then steady to the end of the year. ` 

Tennessee and Western States phosphate-rock prices were not 
quoted in the trade journals. 


TABLE 11.—Prices of Florida land pebble, unground, washed, and dried phosphate 
rock, in bulk, carlots, at mine, in 1961 


(Per short ton) 


Grade (percent B.P.L.) January 2 December 25 
C ³˙Ü II A TM $4. 989-5. 398 $5. 22-5. 629 
ani EE EE 5. 849-5. 858 6. 08-6. 089 
½½!!.»b EE 6. 4294. 438 6. 664. 669 
y" RA A A A A A 8 7. 329-7. 338 7. 56-7. 569 
EEN 8. 219-8. 228 8. 45-8. 459 


Source: Oil, Paint and Drug Reporter. 


PHOSPHATE ROCK 981 


FOREIGN TRADE 


Imports.—The quantity of crude phosphates imported was nearly 
4 percent greater in 1961 than in the preceding year, but the value 
was $125,500 less. All fertilizer import items increased in tonnage 
except ammoniated superphosphate and ammonium phosphates, 
which declined slightly. However, ammonium phosphate remained 
the highest valued single item. Guano shipments increased to nearlv 
$1 million, ranking third in value of fertilizer imports. 


TABLE 12.—U.S. imports for consumption of phosphate rock and phosphatic 


fertilizers 
1960 1961 
Fertilizer EE EE 
Long tons Value Long tons Valua 
Phosphates, crude, not elsewhere specifled............. 129, 290 | $3, 751, 425 134,004 | $3, 628, 897 
Superphosphates (acid phosphate): 
Normal sand ra 1,112 27, 431 1. 151 24, 797 
Concentrated (treble) ..................- 2l lll... 915 55, 258 1, 946 135, 522 
Aimmonñiattd WEE 237 17, 182 140 10, 188 
Total superphosphates -22-02 ee eee 2, 264 99, 871 3, 237 170, 507 
Ammonium phosphutes, used as fertilize 107,057 | 7, 464, 663 100, 557 7, 471. 148 
Bone dust, or animal carbon and bone ash, fit only for 
EENS eege 8, 225 533, 280 9, 673 786, 542 
G0J/;ô;— ]˙ ¼ K 7 u ß md 11,797 t 103, 067 9, 302 977,754 
Slag, basic, ground, or unground :: 46 1,281 
Dicalcium phosphate (precipitated bone phosphate) all 
ag EE 5, 164 282, 665 10, 149 516,673 


1 Revised fizure. 
Source: Bureau of the Census. 


Exports.—Total phosphate-rock exports were lower than in 1960 
in both quantity and value by 3 and 2 percent, respectively, according 
to data from Bureau of the Census. Exports to Japan were 120,700 
tons less than in 1960. Japan, however, remained the leading cus- 
tomer, taking 32 percent of the total. Foreign demand for superphos- 
phates was greater, and about 13 percent more was exported than in 
1960. Three countries were chiefly responsible for the increase— 
Mexico, Indonesia, and the Republic of Korea. 


3 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.S, Department of Commerce, Bureau of the Census, 
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TABLE 13.—U.8. exports of phosphate rock, by grades and countries 


Grade and destination 


Florida phosphate rock: 
North America: 


BBH“... ⁵ð 
a.... A EU ONE 204,730 | 2,725, 248 
Costa Rica 222208808 2822208226208 Gb gn Ae ei Oh au Gb dë ët ae gr dip gr e vr ër ce oe 187 2, 

u ba e 9 gp 6 OOS SS SSE SS erger SOSTSSESSSLHAE“ESSTOA*NSG 28, 302 270, 068 
e v KU Ee ees 179 4, 638 
Haiti e m dic e ARR MED VES D er d dE MO A d E em dE AUR GP GE CER Se CES CER AD VP d GEO Gh UP Ue ER UN Dei Dm rr rs ore RIJG 
Mee, E ege 70, 897 475, 646 

South America: 
Argentina mm A dëi op Go oU CR dps MR M UD AE DS E EE EE 034 20, 280 

A PA 83 41. 552 415, 336 
Gi 4 QAM uM d E 1, 929 38, 145 
Seb. 1, 303 14, 830 
POM A A 13, 453 121, 068 
Furs... A RES EO dae 17, 257 177, 085 
IT A A 89 2, 066 

Europe: 
Belglum-Luxembourg..................---.-...|....-.......]............ 
Czechoslovakia. ß 16, 505 48, 549 
Denman A 29, 139 265 
Fans A 
Fnangggge‚‚ e ee 7, 639 60, 540 
Germany 

RASC EE Q, 221 
ll Eege eo... 1 396,020 | 18, 212, 641 
Geese ee 22, 437 d 
Ireland. A A 15, 808 142, 261 
Kei e e e 548, 934 4, 475, 267 
Netherlands 192,390 | 1,676, 188 
Norway EE ———— 8, 685 77, 
Spes; 125,598 | 1, 161, 976 
Sweden WessenéeequM UEM ME WEN RR EE 62, 870 , 151 
Switzerland iceesaeeus té eet 2, 004 21, 649 
xi United Kingdom 222 274,024 | 2,321, 403 
a: 
WG ee ere ——Á——— 28, 485 284, 867 
Fill...“ ⁵ð ZA ER 
Sr AAA Sees eeu 1, 437, 102 | 10, 906, 517 
Korea, Republic of............................. 15, 182 269, 441 
LSC at A lodenewow A 
Philippitiég....cocceneemc su ssenMu eo aded ae UuEE 6, 480 65, 987 
af ẽ -:-. AS ee 
Vie DEE 11,735 209, 532 

Africa: Union of South Africa...................... 20, 887 187,977 

Total TD ——Á—— ——— 1 3,703, 082 |130, 611, 099 

Other phosphate rock: 1 

North Amverica: 
AAA E, BEES 
CON A cia a 542,527 | 6,887, 836 
¡ATA EA 89 1, 532 
Mer su E RERO Ce E REN Re dE 34 915 

South America: 

CH A RE 3, 002 30, 079 
ieee E ée 986 15, 630 
LOE ST aD K: AA A ⁵ù ... 8 
Jeroen aere rd 1, 250 37, 500 
Europe: 
RECH Pr DN AA A 
NU IA A A 
a: 
E AAA An PA PA 
Viet ; A EE 
Pl.... 8 547,888 | 6,973,492 
Grend tee 14,250, 970 |137, 584, 591 


1960 


Long tons 


1961 


g 
883 


8 888888 


SES 


SP er e op e op eg ee leeee e e e e e o e e 


1, 005 
39 
1,316, 373 


3, 514,079 


1 Revieed figure. 


2 Includes colloidal matrix, sintered matrix, soft phosphate rock, and Tennessee, Idaho, and Montana 


Source: Bureau of the Census. 
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TABLE 14.—U.8. exports of superphosphates (acid phosphates), by countries 


1960 1961 
Destination T— — te 
Long tons Value Long tons Value 
North America: 
e . te ounte anae 220 $8, 577 397 $16, 211 
6 kd ß (yx 169, 621 | 6,037, 060 107, 316 5, 347, 166 
Coste i... ⁵³⅛ðVA : 99, 414 1,817 08, 763 
Subs JJJͤ ð S 43,693 | 1,618, 822 4 
Dominican Republic. E eene 3, 718 257,371 4, 730 829, 193 
El Salvador............. EE 400 28, 275 835 41, 009 
Guatemala ee e E EE AE EE E 54 2, 585 357 22, 357 
Jamalca ee EE ͤ 1. 276 6, 529 
. ³o˙¹¹¹¹1wä A 15, 357 996, 567 35, 805 2, 382, 150 
RE TC EA ͤkßd y 236 45 : 
e Ee dec 107 11, 300 271 17, 988 
Trinidad and Tabagoo—— 71) 150 S.. GE 
e A AA 24 1, 753 96 6, 708 
South America: 
ATCOOUDG ß 310 18, 765 1, 477 43, 587 
e . A 3, 044, 132 ; 2, 965, 214 
e . 36, 499 2, 369, 044 46, 797 2, 51 
n . ß ae 4, 168 279, 102 1, 102, 160 
F/ ³⁰³¹ AAV 250 17, 286 2 22, 425 
A E 2, 640 64, 5, 655 
Venezuela ENEE EE 9, 595 612, 97 7, 620 485, 488 
Other era cee ee 99 6, 786 
Europe 
PE oo EE, 8 40 1,000 
Germany, West E eee ee 206 11, 088 344 18, 662 
Ireland A . E AA A 1, 792 08,327 AM AI 
Netherlands. us icons 15, 103 793, 846 12, 587 644, 928 
o] AA f. O ES 10 JJ ³ AAA 
rr y e ee 8 684 
a: 
, ß . 5, 303 3. AA 
ia c ehe Se A A APA ̃ mu 1, 476 96, 960 
INGONGSIA AA eR cad RETE 5 27 1. 953 37. 822 2. 125, 982 
Korea, Republic of. EN „33 só 36,525 | 2,116, 353 88, 586 5, 966, 056 
Pakistan 5 3 11. 351 i 2 1, 454 
Fünf Ee 2, 953 201, 536 491 81, 000 
Viet- Nam A ͤ ⁵⁵(TK COE 36 LIA EEN, D 3 
AMC ³¹A A ³¹AA ³ . 888 5 462 16 1, 200 
i AN IO A OS 7 OSS PAE A8 
Oceania: Trust Territory of the Pacific Islands......... 5 UD PAD AER 
TOM aan 416,931 | 19, 882, 132 469, 197 | 23, 695, 490 
Source: Bureau of the Census. 


NORTH AMERICA 


Canada.—Cyanamid of Canada, Ltd., planned new facilities to 
produce diammonium phosphate and granular triple superphosphate 
at Welland, Ontario.* Electric Reduction Co. of Gees Ltd. 
(ERCO), brought a new 70,000-ton-per-year phosphate plant into 

roduction. ERCO, subsidiary of Albright & Wilson Ltd., United 
ies expected to market at least 25,000 tons (P: O; content) in 
North Central United States. It was stated that up to 500,000 tons 
of Florida phosphate rock would be imported annually by the new 
plant. Products were reported to be normal and triple superphos- 
phates, phosphoric acid, liquid phosphates for fertilizers, and dicalcium 
phosphate for animal feed.* 


* Commercial Fertilizer. Around the Map: Canada. V. 103, No. 5, November 1961, p. 53. 
5 Chemical & Engineering News. Ontario Gets Superphosphate Plant. V. u, No. 43, Oct. 23, 1961, p. 38. 
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TABLE 15.— World production of phosphate rock by countries ! ? 
(Thousand long tons) 


Country! 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 

United States 13, 280 13, 976 14, 879 15, 869 17,516 | 18, 559 
Netherlands Antilles (exports).......... 107 105 85 97 113 144 
dk EE 13, 387 14, 081 14, 964 15, 966 17,629 | 18,7 
South America 
Brazil: 

Aide UM \ 39 { 124 111 131 200 320 

Phosphate rock k 200 524 860 666 3 69 

RA cn os 52 32 18 20 17 17 

Gans 40 A4 31 21 321 17 
LN gg 8 282 281 164 107 144 156 
e EE 4 30 IJ) A VE 

( tada 443 817 848 1, 139 1,048 | 3 1,050 
Europe: — 
„ oe aE es PN Rl Or Aen ee ere 34 16 18 13 8 14 
e EE 99 92 102 76 375 375 
BD A g d pe e 20 G (5) 3 33 
583 EH 3533 d? )))) rnö:m PR 
PE %%öͤ ͤ K 3. 090 3, 940 3. 940 3, 940 4, 230 4, 530 
Sedimentary rock 1, 335 1, 720 1, 970 1, 970 2, 260 3, 050 
Total es 4, 830 6, 000 6, 280 6, 250 6, 820 7. 820 
Asia: 
China A oe ee oe Pees 140 200 300 500 600 600 
Christmas Island (Indian Ocean) (cx- 

);ͤ· GG. ĩͤ eee sess 342 336 374 494 503 694 
Intia , ebe 4 9 15 14 14 20 
Hidoleslg AAA v ĩ 8 1 4 2 10 7 9 
III Tbõ;!. ewes eee 59 150 206 201 221 222 
!!, ls 100 238 289 332 356 365 
Koren, lll OI (8) OI 0 (8) 3 50 
Philippines (guano) 22 3 4 8 $ 10 P 
Sarawak (gun) se Ad oe Eeer 1 (5) (8) 1 311 (3 
Viet-Nam, North: 

Be EE (0) 55 133 256 482 568 

E E E (8) 22 32 50 50 35 

Total AAA sess 715 1, 070 1, 390 1, 890 2, 285 2, 580 
Africa: 
J e 0mm m. at 680 603 552 563 554 419 
Malagasy Republic (Madagascar) ...... 2 3 5 7 5 5 
Morocco: Souther zone.... 2... l.l lc... 4, 720 b, 480 6, 236 1, 050 7, 354 7, 824 
Rhodesia and N yasiland, Federation of: 

Southern ee AO A E 2 3 (>) 
Senegal: 

Aluminum phosphato 67 88 103 904 104 3 100 

Calelum phosphat LL. IG SERENO: ⁵ðꝰ̊ 8 106 3 100 
Seychelles Islands (guano)... 222 7 6 17 6 7 37 
South-West Africa (guano) 1 "A RS E 1 
(xc) A AE E, PI ³ðVd ðͤ km 8 278 
Tamil. d ias 1, 985 2, 035 2, 243 2, 150 2, 063 1.950 
rf ĩ⅛ĩV¹A EA 4 3 2 3 4 (5) 
Union of South Africa... ...ooooooooo.- 111 166 213 228 263 292 
United Arab Republic (Egypt) 552 576 549 668 558 $560 

ke AA eda a ea N 8, 145 8, 063 9, 920 10,772 11,021 11, 536 
Occanla: 
Anzanr Island (erxports )) )!! A EA PA 
A AAA ee mA er emer 6 11 7 5 2 32 
Makatea Island (French Occania)...... 241 304 320 362 308 363 
Nauru Island (export) 77222 1, 243 1,105 1, 234 1,192 1,351 1,232 
Occan Island (export 285 292 324 314 320 301 
/. ͥ —— 1, 866 1, 712 1, 885 1, 873 2,071 1, H8 
World total (estimate) 13... 29, 390 32, 640 35, 290 37, 890 40,870 | 43,770 


S Pol e produces phosphate rock, but data of output are not available; estimates have been included in 
the tot: 

2'This table Incorporates some revisions, Data do not add exactly to totals shown because of round'ng 
where estinatod fures are included in the detail. A negligible amount is produced in Jamaica, Japan 
Mozambique, Somalla Republic, and Tanganyika, 

A Estimiato. 

$ On» year only as 1058 was first year of commercial production. 

3 Less than 50) tons. 

* Data not available; estimate by senior author of chapter included in the total. 


Compiled by Licla S. Price, Division of Foreign Activities. 
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Mexico.—Guanos y Fertilizantes de México, S.A., completed a 
new 50,000-ton-per-year triple superphosphate plant in the Minatitlan 
and Coatzacoalcos area of Veracruz.“ 

Netherlands Antilles.—Aruba Chemical Industries, N.V., a new 
company, was established and plans were made to build and operate 
a group of six plants including one for producing phosphoric acid.’ 


SOUTH AMERICA 


Argentina.— Albright & Wilson Ltd., United Kingdom, and Villa 
Aufricht of Buenos Aires were reported to have entered into an agree- 
ment to establish a phosphoric acid plant in Argentina and were ex- 
pected to begin producing early in 1962.° 

Brazil. Plans were made by Cia. de Superfosfatos e Productos 
Qúimicos to build a plant in Capuavo, San Paulo, with capacity to 
produce 40,000 tons of superphosphates, 50,000 tons o sani 
acid, and 12,000 tons of phosphoric acid annually.’ Fosforita 
Olmida, S.A., planned to increase annual mining capacity from the 
existing 250,000 tons to 350,000 tons by 1965. Also included in the 
proposed GE were new plants to produce triple sy ial Sere DN 
sulfuric acid, and phosphoric acid.'* A dicalcium phosphate plant 
was part of the planning of Carbocloro-Industrias Quimicas Ltda. at 
Cubatao. Construction was started on an electrolytic caustic-chlorine 
plant, and production of hydrochloric acid and dicalcium phosphate 
was expected to begin in 1963." 

Colombia.—Plans for a 100,000-ton-per-year triple superphosphate 
lant were initiated by Instituto de Fomento Industrial. Tenders 
or a study of the project were invited from firms in Italy, West 

Germany, and the United States." 

Peru.—One of the largest phosphate-rock deposits in the world, 
found in the Sechura Desert, was extensively explored by Minerales 
Industriales del Peru, S.A. The company began drilling in 1959, 
&nd more than 15,000 feet of 2-inch core had been obtained by May 
1961. The areas drilled indicated a quantity of ore containing the 
equivalent of 561 million tons of phosphate x d upgraded to 31 percent 
P,0;. The concessions held by the company covered 1,852,500 
acres in the western Sechura Desert in the Department of Piura, 
extending from latitude 5°10’ S. to latitude 6°34’ S. and longitude 
80°15’ W. to longitude 81°2’ W.’ 


EUROPE 


Austria.—At Carinthia, Bleiberger Bergwerk-Union began operating 
a new superphosphate plant of 30,000-ton-per-year capacity.“ 


$ Bureau of Mines. Minera! Trade Notes. V. 54, No. 2, February 1962, p. 43. 

? Chemical Enrineerinz,. CPI News Bricfs: Netherlands West Indies. V. 68, No. 9, May 1, 1961, p. 124. 
2 Comincrical Fertilizer. Around the Map: Arrentina. V. 103, No. 5, November 1961, p. 53. 

$ Commercial Fertilizer. Around the Map: Brazil. V. 102, No. 6, June 1961, pp. 30, 32. 

10 Bureau of Mines. Mineral Trade Notes. V. 52, No. 4, April 1961, p. 40. 

u Chemical Encinecring. CPI News Briefs-International. V. 68, No. 19, 8 18, 1961, p. 228. 

13 Mining Journal (London). Superphosphate Plant for Colombia. V. 257, No. 6588, Nov. 24, 1961, p. 


546. 

13 Bureau of Mines. Mineral Trade Notes. V. 54, No. 2, February 1962, pp. 44-48. 

M Chemical Age (London). Overseas News: Austrian Superphosphates Plant on Stream. V. 86, No. 
2210, Nov. 18, 1961, p. 819. 
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France.—The Office Nationale Industriel de l'Azote and Cie. Royale 
Asturienne des Mines, of Belgium, formed a joint company, Sté 
Astunoria, to produce phosphoric acid at Tonnay-Charente. First 
production 1 early in 1963. !5 

Germany, West.—A new phosphoric acid plant with a 60-ton P,O; 
daily capacity was under construction at Castrop-Rauxel for Gewerk- 
schaft Victor Chemische Werke." 

Greece.—A new superphosphate plant of an annual capacity of 
55,000 tons P.O; content was planned for Kavalla in northern Greece.” 

Ireland.—Albatross-Windmill Fertiliser Co., Ltd., planned to con- 
struct a new superphosphate plant, adjacent to its existing plant at 
New Ross, County Wexford. Production of 100,000 tons of super- 
phosphate annually was expected by 1962.8 

Netherlands.—Albatros Superphosphate Works announced plans to 
construct a 100,000-ton-per-year superphosphate plant at Pernis. 
The plant was scheduled for completion in 1962.!% 

U.S.S.R.—A 3-year trade agreement was concluded with West 
Germany, which would supply a number of chemical plants, one of 
which was to be for manufacturing phosphorus during 1961-63. 

United Kingdom.—Construction of two phosphoric acid plants was 
started; one at Belfast for Richardson’s Chemical Manure Co., Ltd., 
and the other for Scottish Agricultural Industries Ltd. in connection 
with a project underway to convert the Sandilands, Aberdeen, works 
from superphosphates to ammonium phosphate.” 

Yugoslavia.—A new copper smelter at Bor began operating enabling 
the newly erected sulfuric acid plant at Bor and the superphosphate 

lant at Prahovo to start production. The annual capacity of the 
rahovo plant was stated as 570,000 tons.” 


ASIA 


Cambodia.—The Superior Council of the Ministry of Plans voted to 
form a company to finance the construction and operation of a phos- 
phate plant at Tuk Meas. The proposed plant, with an annual 
capacity of 12,000 tons of phosphate, will be supplied with phosphate 
rock from deposits in Kampot Province which Cambodians started 
mining early in 1961.2? 

India.—Àn ammonium phosphate factory was under construction 
at Ennore, about 8 miles north of Madras, and was scheduled for pro- 
duction by the middle of 1962.24 The Fertilizers & Chemicals, 
Travancore, Ltd., invited bids for building a 100-ton-per-day phos- 
phoric acid plant and a 300-ton-per-day ammonium phosphate plant.“ 


u Chemical Trade Journal and Chemical Engineer (London). New Phosphoric Acid Plant for France. 
V. 149, No. 3882, Oct. 27, 1961, p. 921. 
u Sulfur Institute News, Phosphorle Acid. V. 1, No. 10, November 1961, p. 3. 
V Commercial Fertilizer. Around the Map: Greece. V. 103, No. 5, November 1961, p. 53. 
u Bureau of Mines. Mineral Trade Notes. V. 52, No. 6, June 1981, p. 33, 
% Bureau of Mines. Mineral Trade Notes, V. 54, No, 2, February 1962, p. 43, 
Ce Chemical Trade Journal and Chemical Engineer (London). Notes From Abroad. V. 148, No. 3851, 
ar. 24, 1961, p. 600, 
5 ns Age ( London), W.J. Fraser Handle Two U.S. Phosphoric Acid Plants. V. 86, No. 2214, 
ec. 16, I, p. 959. 
n Chemſenl Trude Journal and Chemical Engineer (London). Jugoslavia's New Plants. V. 149, No. 
3872, Aug. 18, 1951, p. 383, 
a Bureau of Mines, Mineral Trade Notes. V 53, No. 1, July 1981, p. 32. 
re ps Jenis Journal and Chemical Engineer (London). Notes From Abroad. V. 148, No. 3858, 
pr. 28, 1061. p. 941. 
* Commercial Fertilizer. The International Scene: India. V. 103, No. 2, August 1961, p. 46. 
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Fertilizers were placed high on the priority list in India’s third 5-Year 
Plan which started in April 1961. The government set an annual 
ee goal of 400,000 tons of phosphatic (P,O; content) ferti- 
izers for 1965-66. About 15 plants were expected to go into pro- 
duction by 1962, all operated by privately owned companies. These 
plants would bring the total number of plants producing single super- 
phosphate in India to 31. Rallis Chemicals, Ltd., was reported to be 
building a superphosphate plant at Magarwara near Kanpur.” 

Indonesia.—Construction of a superphosphate plant was scheduled 
to begin in mid-1961 financed by Soviet credit amounting to the 
equivalent of U.S. $117.5 million. 

Israel.—A U.S. $22.5 million plant expansion including four new units 
was planned by Negev Phosphates Co., Ltd., in Oran.“ The govern- 
ment of Israel granted prospecting rights to Israel-American Phos- 
phates Co. of the United States in half the deposit areas at Ein- Yahav 
and Meishar and the entire deposit at Hor Hahar. Under the agree- 
ment, if the operations proved successful, a plant would be built 
within 4 years to treat at least 500,000 tons of ore annually. Con- 
struction of a calcining facility with an annual capacity of 200,000 tons 
(37 to 38 percent P,O,) was started with a completion date set for 
1963. 

Japan.—Ube Soda Industries Co. planned construction that would 
double its capacity for producing potassium-ammonium phosphate 
chloride to 10,000 tonsa month. Phosphoric acid production capacity 
was also to be increased from 23 to 75 tons per day. The construction 
of a sodium tripolyphosphate plant with a 600-ton-a-month capacity 
was started and scheduled for completion in September 1961, at which 
time construction was to start on a second plant of the same capacity.” 

Turkey.—Gubre Fabrikalari TAO began operating a 100,000-ton- 
per-year superphosphate facility at Yasimoa, near Izmit.?! 

Viet-Nam.—North Viet-Nam began opening the large phosphate- 
rock (apatite) deposits near Lao Kay on the northwest boundary with 
China. These deposits were estimated to contain more than 1 billion 
tons of ore that would provide China with sorely needed phosphatic 
fertilizer ?? Rumania granted a large credit to north Viet-Nam to 
help increase Vietnamese production of apatite. The credit was to be 
met by apatite deliveries of 630,000 tons in 1965 and 1 million tons in 
1970. Rumania was to deliver equipment and provide the technical 
assistance necessary to expand production at the Lao Kay mine.” 


AFRICA 


Algeria.—A $25 million phosphate works was under construction 
at Djebel Onk, one of the world's major phosphate-rock deposits. 
The total reserve was estimated at 500 million tons, one-fifth of which 
is available by open-pit mining. Société d'Exploitation du Gisement 


* Chemical & Engineering News. India Sets Fertilizer Goals for 1965-86, V. 39, No. 25, June 19, 1961, ps 


3 Bureau of Mines. Mineral Trade Notes. V. 52, No. 3, March 1941, n. 27. 

n Poreln Commerce Weekly. World Trade Leads: Planned Construction Reports. V. 68, No. 18, 
Sent. 23, 1961, n. 2^. 

3$ Bureau of Mines. Mineral Trade Notes, V. 53, No. 4, Octoher 1061, n. 43. 
Me eal el London). Overseas News: Ube Soda to Increase Fertiliser Capacity. V. 85, No. 2182, 

ay 6, , D. 735. 

8 Sulphur Institute News. News of the Industry: Fertilizer, V. 1, No. 10, November 1961, p. 1. 

$$ Commercial Fertilizer. The International Scene: Vietnam. V. 103, No. 1, July 1961, p. 58. 

8% Mining Journal (London). Mining Miscellany. V. 256, No. 6549 ,Feb. 24,1961, p. 221. 
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de Phosphate de Chaux du Djebel Onk was to mine the ore. The 
major shareholder of the company, Compagnie des Phosphates de 
Constantine, was reported to have a 40- oo interest and the 
French Government a 34-percent interest. The remaining shares were 
held by various Algerian development groups. The company ex- 
pected to be in full production by 1964 with an annual output of 
800,000 tons of rU DR phosphate rock. Plans were made to 
roast the raw ore at Djebel Onk and to ship the product to a washer 
and drying plant at "Boe on the Mediterranean, 210 miles north. 
The treatment plants were expected to cost $8 million and an electric 
railroad from Djebel Onk to Tebessa, an additional $9 million.“ 
Union Phosphatiére Africaine, & new phosphate marketing agency, 
was organized to represent the phosphate-rock producers in Algeria, 
Tunisia, Senegal, and Togo.“ 

Malagasy Republic.—4A hand-mining phosphate-rock operation was 

e orted active on Juan de Nova Island, 109 miles northwest of 

aintirano and 261 miles from Majunga. The marketable rock ana- 
lyzed 29.1 percent phosphoric acid, 44/percent lime, and 8.5 percent 
water. No estimate of reserves was available.* 

Morocco.—L'Office Chérifien des Phosphates (OCP), a government- 
owned agency, announced that it would invest approximately U.S. 
$50 million over a 4-year period to develop the phosphate industry 
and to provide social services for the E oyees. OCP stated that 
with the installation of & new plant, 3 million tons of enriched phos- 

hate was expected to be produced annually by 1964." Dorr-Oliver 

nc. of Stamford, Conn., was engaged by OCP to study the feasibility 
of & new drying process for Phosphate rock including the use of nuclear 
power as a source of heat. 

Rhodesia and Nyasaland, Federation of.—It was reported that 
African Explosive & Chemical Industries (Rhodesia) Ltd. had re- 
quested the Ministry of Commerce and Industry to impose protective 
import duties on all phosphatic fertilizers. A decision by the Ministry 
was not reported.“ 

Spanish Sahara.—Instituto Nacional de Industria began organizing 
for industrial exploitation of its phosphate-rock deposits. Roasting 
and upgrading t the ore were expected to be studied by foreign con- 
sulting firms.“ 

Tanganyika.—New Consolidated Goldfields Ltd., began mining a 
phosphate-rock deposit 70 miles southeast of Arusha. It was indi- 
ach that the deposit contained a reserve of 10 million tons of ore 
with 1 million tons easily accessible. The rock averaged 30 percent 
P;O;, and the company pl&nned to market about 50, 000 tons annually 
in East Africa.“ 


9 Foreign Trade (Ottawa). Commodity Notes: Fhospneta V. 115, No. 7, Apr. 8, 1961, p. 33. 

$1 Chemical Trade Journal and Chemical Engineer (London). African Phosphate Rock. V. 149, No. 
3890, Dec. 22, 1961, p. 1376. 

u Murdock, Thomas (J. Possibilities of Minerals GE ment in the ode e U. 8. Opera- 
tions Mission to the Malagasy Republic, Mtneral Report No. 13, Oct. 10, 106 

8 Journal (London). Morocco's Phosphate Industry Expands. V. 257. 'No. 6586, Nov. 10, 1961, 


» Mining Congress Journal. News and EN ee Looking at Phosphate Rock Drying 
Process Utilizing Nuclear Fuel. V. 47, No. 8, August 1961, p. 04 
D 5 and Feeding Stuffs Journal 7 Phosphate Duty in Rhodes la. V. 55, No. 12, Dec. 13, 


ES Foreign, Commerce Weekly. World Trade Leads: Planned Construction Projects. V. 66, No. 11, 

p 

: gi Mining Waid and Engineering Record (London). Bush Telegraph Digest. V. 177, No. 4546, January 
» D, 21 
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TABLE 16.—Selected African countries: Exports of phosphate rock in 1961, by 


countries 
(Long tons) 
Destination Senegal Total 
North America: 
and,... 8 98 
// ³˙ AAA ggf 10, 060 
South America: 
FEI!!! AAA eM T pEEUE 14, 614 
O AA A ⁰·ͤ-A.-AA. ˙ JJ]. IEA rS NES 9, 399 
CW iat ec quise ed 50, 497 
ST d DEE, ³ 6: ðx2 ͥ ⁰⁰mV“ 8 l, 
AA 8 21, 475 
Europe: 
AAA ³ðW³ 122, 633 122, 633 
BeH. 796, 742 798, 782 
BUI ³o¹¹¹ AA T 74,279 
Czechoslovak la. 51,322 , 118, 909 
Denmark 207, 246 238, 228 
Fin and AAA BEE 86, 962 93,015 
Posts E AAA 1, 078, 347 17, 414 1, 783, 919 
Germany 
AAA An 56, 789 
WeSC A 8 825, 132 
(reco. Cell ee 145, 188 
PION GARY EE EE 1,612 
Ireland... EE 216, 739 
EE 681, 040 
Netherlands 493, 211 
iv Lee A EE 83, 619 
Poland AAA 429, 044 
Portugal AO EE 278, 314 
AA 919, 483 
SWedſ en SEO 287, 807 
Switzerland ——— . 27,803 
United Kingdom 864, 479 
Yugoslavia. AA 8 8, 630 288 77,918 
Asia: 
f ˙·wm ³˙ -w EE 274, 065 
1•öÜÄ5ö¹⁶⁵ð¹t . ½ my cee: 77, 329 
Indonesia 9. 700 
Fl ³ðWA8A EE 302, 985 
Formosa (Talwan) 39, 074 
FIT EN, VE, PEA EE 21, 921 
Viet- Nam —— 5, 629 
Africa: 
Canary Islands 15, 132 
Rhodesia and Nyasaland, 
Federation o.. ; 72, 049 
Union of South Africa 357, 742 
Total. EE 1, 690, 750 9, 901, 680 


Compiled from Customs Returns by Corra A. Barry, Division of Forcign Activities. 


Togo, Republic of.—The first shipment of phosphate by Compagnie 
Togolaise des Mines de Bénin was reported on September 2, 1961, 
when 5,000 tons was loaded for shipment to Japan. A 10,220-ton 
shipment followed, destined for Baltimore, Md. The 750,000-ton- 
per-year processing plant was reported ready for full operation. The 
company, 80 percent owned by six French companies and 20 percent 
by the government of Togo, expected to have an annual export trade 
of 600,000 tons.“ 

Tunisia.—Compagnie des Phosphates et du Chemin de Fer de Gafsa 
(Sfax-Gafsa) was reorganized with the Tunisian government acquiring 
a 50-percent interest. The company requested a U.S. $25 million 
loan from the Development Loan Fund to purchase and install equip- 
ment for upgrading its phosphate ore.“ Construction was begun 


42 Bureau of Mines. Mineral Trade Notes. V. 53, No. 6, December 1961, pp. 35, 36. 
4 Bureau of Mines. Mineral Trade Notes. V. 53, No. 3, September 1961, p. 36. 
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on a wet-process phosphoric acid pant and a triple superphosphate 
plant in Sfax for N.P.K.-Engrais S.A.T., subsidiary of the Swedish 
A B Fórenade Superfosfatfabriker.** 

Uganda.—Construction was started on a superphosphate plant 
with an annual output of 25,000 tons for Tororo Industrial Chemicals 
& Fertilizers Co., Ltd., which was an associated company of Uganda 
Development Corp., Ltd. Full production was expected in Septem- 
ber 1962.“ 

Union of South Africa.—A new superphosphate plant was planned 
by African Explosives & Chemical Industries, Ltd. The plant was 
to use phosphate rock from Phalaborwa and sulfuric acid from pyrites 
of Witwatersrand gold mines.“ Windmill Fertilizer Co. planned to 
build a fertilizer facility in Sasolburg, South Africa.“ 

United Arab Republic (Egypt).—The Sociéte Financiére et Indus- 
trielle d’Egypte awarded a contract for increasing the capacity of 
the 5 facility at Kafr-ez Zaiyat to Bradley Pulverizer 
Co., London.“ 


TABLE 17.— United Arab Republic (Egypt): Exports of phosphate rock by 
countries ! 


(Long tons) 


Destination 


COI o 


nnen eerste 4, 444 
Seri EE EE 

e DEER 
A eege eg 91, 649 
lll ⁵ↄ / EE 4. 941 
ES E AA EE 89, 531 
FF Ee 28, 616 
IJ A A ðͤ- d d ĩ 19, 910 


Other countrle& ↄ Ä d aq imeem 


SOS Qa © OC COO am 026 OS OO mm E EE Om mmm m Aem EE qc Ek EK Ka KEE KEE 


1 This table Incorporates some revisions. 
3 From import detail of Customs Returns of the respective country. 


Source: Compiled from Customs Returns of United Arab Republic (Egypt) by Corra A. Barry, Division 


of Foreign Activities. 


TECHNOLOGY 


Negev Phosphates Co., Ltd., of Israel developed a new process for 
enriching phosphate ores. The process was claimed to produce a 
uniform product containing 38 percent BO, H 

Because the availability of cheap byproduct hydrochloric acid was 
increased, the fertilizer industry became aware of its possible use in 
processing phosphate rock. A use for byproduct hydrochloric acid 
to upgrade calcareous phosphate rock was reported. Many deposits 
of phosphate ore, of marine sedimentary origin and containing con- 


„Chemical Trade Journal and Chemica) Engineer (London). Notes From Abroad: German-But 
Fertiliser Plant for Tunisia. V. 149, No. 3881, Oct. 20, 1961, p. 873. 
% Mining Journal (London). East African Apatite for Fertilizer Venture. V. 256, No. 6562, May 28, 
1961, p. 697. 
$t Chemical Trade Journal and Chemical Engineer (London). Notes From Abroad: S. African Fertiliser 
Industry Expansion. V. 149, No. 3882, Oct. 1961, p 925. 
€ Oil, Paint and Drug Reporter. Fertilizer Plant in So. Africa. V. 180, No. 11, Sept. 11, 1961, D 
i u Ferti'iser and Feeding Stulls Journal (London). Superphosphate in Egypt. V. 55, No. 12, ; 
961, p. 542. 
9$ Chemical Age (London). Overseas News: New Israel Process for Enriching Phosphate Ores. V. 86, 
No. 2165, Jan. 7, 1961 p. 16. 
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siderable quantities of calcite, were stated as particularly suited for 
processing by the method.“ 

A new method for producing wet-process phosphoric acid was 
developed by Nissan Chemical ndustries, Ltd., of Tokyo. Yields 
up to 97 percent of the phosphate value in phosphate rock were 

aimed, compared with a conventional yield of 94 percent. A high- 

uality gypsum suitable for wallboard was said to be a byproduct of 
the process. The quality of the gypsum was stated to be dependent 
upon close temperature and chemical control during crystallization.” 

A process was developed and used experimentally in Taiwan Lo 
produce an unusually pure phosphoric acid of 65 percent P;O,. This 
technique, a modified wet process using solvent extraction of the acid 
with 1-butanol, required five steps, including recovering and recycling 
the solvent. Some disadvantages were that the phosphate rock must 
be finely ground, two separate mixing operations are required, and 
extraction and distillation require heat and solvent makeup. Other 
problems such as thermal and material balances, economics, and 
solvent stability were not studied.“ 

Tennessee Valley Authority (TVA) reported on a pilot-plant study 
of concentrating wet-process phosphoric acid to the 70-percent P,O; 
range. Important advantages with only a small increase in cost were 
claimed: Solid impurities in the acid were sequestered, storage and 
shipping costs were less, and solid and liquid fertilizers of higher 
analysis were produced.“ 

Three Czechoslovakian chemists developed a fluid-bed process for 
ammoniating superphosphate. The ammonia absorption rate in the 
fluid layer was said to be much higher than in conventional methods. 
Both initial and operating costs were reported to be lower.“ 

The trend of technological developments toward higher analysis 
plant foods continued. TVA described its ammonium polyphosphate 
(containing about 16 percent nitrogen and 61 ee 555 horus 
pentoxide) as the most concentrated ertilizer on the market. Prelim- 
mary estimates from pilot plant operations at Muscle Shoals, Ala., 
indicated production costs per unit of plant nutrient were roughly 
comparable to those of diammonium phosphate.“ 

A process for manufacturing granular potassium metaphosphate, 
analyzing about 57 percent P,O; and 37 percent K;O, was developed by 
Scottish Agricultural Industries, Ltd. This process reacts phosphoric 
acid with potassium chloride at temperatures as low as 450° C. The 
hydrogen chloride formed is kept separate from the combustion gases 
and recovered as a useful product.% 

The possibilities of various metal ammonium phosphates as fertil- 
izers were studied. It was reported that since these compounds are 
only slightly soluble in water and soil solutions, their possible use as 


' Chemical Age (London). Cheap By-Product HCI Helps Expand Fertiliser Interests, V. 86, No, 
2206, Oct. 21, 1961, p. 630. 

$31 Chemical Week. Processes: Semihydrate Phosphoric. V. 88, No. 16, Apr. 22, 1961, pp. 85, 87. 

® Chemical Age (London). Purer, Stronger Phosphoric Acid From New Five-Step Process. V. 85, 
No. 2168, Jan. 28, 1961, p. 179. 

1 Scott, W. C., G. G. Patterson, and H. W. Elder. wet- Process Phosphoric Acid: Pilot-Plant Produc- 
tion. Ind. and Eng. Chem., v. 53, No. 9, September 1961, pp. 713-716. 
in Oil, Paint and Drug Reporter. Superphosphate Process Developed by Czech Trio. V. 180, No, 7, 

ug. 14, 1961., p. 7 

83 Chemical Eet Ammoniated Phosphates Highlight Fertilizer Shift. V. 68, No. 10, May 18, 
1961, pp. 68, 70. 

„ Farm Chemicals. Producing Granular Potassium Metaphosphate at Scottish Agricultural Industries. 
V. 124, No. 6, June 1961, pp. 22, 24. 
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non-burning and long-lasting sources of nitrogen, phosphorus, and 
various metals was suggested.“ 

The use of diammonium phosphate and ammonium sulfate for re- 
pressing and retarding forest fires was tested by the U.S. Forest 
Service. Diammonium phosphate was reported to be as effective as 
the borates and bentonite clays ordinarily used and would also serve 
as a fertilizer after being rain-washed into the soil. The phosphate 
was estimated to be 30 percent cheaper to use than borates.** 

Phosphate ester surfactants assumed more importance in 1961 
according to General Aniline & Film Corp. The company marketed 
eight of the anionic surfactants and planned to release six more in 1962.59 

Albright & Wilson, Ltd., developed a new copper plating electro- 
lyte based on pyrophosphate. The performance of the new bath 
(Pyrobrite) was confirmed in industrial practice under a wide variety 
of operating conditions from decorative uses to electroforming. 9 

A nonaqueous phosphating process was developed by the Paint 
Division of Imperial Chemical Industries, Ltd. (IC1), which'dispensed 
with heating and rinsing the tank. It was stated that a sealed phos- 
phate coating was produced with no sludge formed in the processing 
tank. The phosphate coating enhances paint adhesion and resistance 
to rust creep in the same manner as conventionally produced zinc or 
iron phosphate coatings.” 


5 Agricultural Chemicals, Metal Ammonium Phosphates As Non-Buming Fertilizers. V. 16, No. 10, 
October 1961, pp. 26, 50, sl. 
35 Chemical Engincering. Phosphate Fertilizer Helps Fireproof the Forests. V, 68, No. 22, Oct. 30, 1961, 


p. 60. 

d N & Engineering News. Phosphate Esters Edge Into Surfactants. V. 39, No. 52, Dec. 25, 
1901, pp. 40, 41. 

€ Chemical Trade Journal and Chemical Engineer (London). Copper Plating. V. 148, No. 3846, Feb. 
17, 1961, p. 348. 

el Metal Industry (London). Industrial Nows: New Phosphating Process. V. 99, No. 12, Sept. 22, 
961, p. 234. 


Platinum-Group Metals 


By J. P. Ryan’ and Kathleen M. McBreen? 
4e 


NDUSTRIAL demand for platinum-group metals continued at a 
| high level and prices remained stable in 1961. Domestic consump- 
tion of platinum-group metals increased moderately, and net im- 
ports were up sharply. Imports included platinum and palladium 
acquired under the Governments barter program. Domestic mine 
production and output of new platinum-group metals recovered by 
domestic refiners increased substantially. Refinery output of second- 
ary metal of the platinum group also increased in 1961. 


TABLE 1.—Salient platinum-group metals statistics 


(Troy ounces) 
1952-56 1957 1958 1960 1961 
(average) 
United States: 
Mine production 1 25, 857 18, 531 14. 359 15, 485 23, 609 43, 248 
V AUC EE $1, 997,351 |$1, 428, 042 | $740,583 | $013, 736 |$1, 485, 439 |$2, 256, 432 
Refinery production: 
New metal 57, 928 47, 228 48, 195 51, 243 79, 453 
Secondary metal 71, 952 87, 521 81, 614 76, 857 85, 971 
Imports for consumption......... 747, 433 682, 013 670, 431 630, 646 854, 463 
Exports (except manufactures)... 29, 795 40, 354 47, 368 31, 405 65, 149 61, 845 
Stocks Dec. 31: Refiner, importer, 
TT EE 439, 425 507, 189 493, 426 495, 851 515, 750 555, 445 
Consumption 655, 838 744, 025 x 775, 214 823, 226 
World: Production 950, 000 | 1, 320, 000 31, 250, 000 | 1,190, 000 


3 From crude platinum placers and byproduct platinum-group metals recovered largely from domestic 
En ores. 
v 


World production of platinum- group metals, estimated at 1.2 mil- 
lion ounces, was slightly less than in 1960. Output in Canada and the 
Union of South Africa declined, but output of platinum-group metals 
in the U.S.S.R. was estimated to be appreciably higher than that 
given for 1960. Although their refinery production of platinum- 
group metals was somewhat lower than last year, the two leading 
producers of platinum-group metals in the free world, The Inter- 
national Nickel Company of Canada, Ltd. (Inco), and Rustenbur 
Wi ee SEN Ltd, Onion of South Africa, reported increase 
sales in 1961. 


1 Commodity specialist, Division of Minerals. 
2 Statistical clerk, Division of Minerals. 
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Production of platinum-group metals as a byproduct of nickel ores 
bons at the Thompson mine (Inco) in northern Manitoba, thus estab- 
lishing an important new Canadian source of these metals. 


LEGISLATION AND GOVERNMENT PROGRAMS 


The regulations established under the Defense Materials System by 
Dusiness and Defense Services Administration of the U.S. Depart- 
ment of Commerce, governing the flow of raw materials to defense 
agencies, continued to apply to platinum-group metals. Purchase 
orders for materials needed in national defense work continued to 
have priority rating over unrated commercial business orders. 

All platinum-group metals through the semifabricated stage re- 
quired a validated license for export to Soviet-bloc countries. 

Platinum-group metals continued to be included in the list of com- 
modities eligible for Government financial assistance under the pro- 

ram administered by the Office of Minerals Exploration (OME); 

owever, no projects were active in 1961. Platinum and palladium 
were removed from the list of materials eligible for barter by the 
Commodity Credit Corporation (CCC) of the Department of Agri- 
culture as authorizations for these commodities were fully utilized. 


DOMESTIC PRODUCTION 


Mine output of platinum-group metals recovered from platinum 
placers in Alaska, as byproducts from gold placers in California, and 
as byproducts of refining copper and gold, increased 83 percent to 
43,200 ounces. Most of the increase in output represented byproduct 
metal recovered from a backlog of unrefined materials. The leading 
domestic producers of platinum metals were Goodnews Bay Mining 
Co., the only company producing platinum as a primary product in 
the United States; American Metal Climax, Inc.; American Smelting 
and Refining Company; International Smelting and Refining Com- 
pany; and Yuba Consolidated Industries, Inc. 

Total new platinum-group metals recovered by refiners from both 
domestic and foreign crude materials was 79,500 ounces, a 55-percent 
increase over the 1960 output. Substantial gains in production of 
both platinum and palladium were noted, but output of the four 
minor metals, iridium, osium, rhodium, and ruthenium, declined. 
Slightly more than half the total new metals recovered came from 
domestic sources. 

Secondary platinum-group metals recovered by refiners, chiefly 
from scrap, outmoded jewelry, sweeps, sludges, and other industrial 
residues, aggregated 86,000 ounces, 12 percent more than the quantity 
so recovered in 1960. Platinum recovery, comprising about 60 percent 
of the total, was up one-third; recovery of palladinm, comprising 
most of the remainder, declined moderately. In addition, refiners 
delivered nearly 700.000 ounces of platinum-group metals refined on 
toll compared with 763,000 ounces of such metals in 1960. This metal 
delivered on toll was received from industry in the form of depleted 
catalysts, wornout extrusion dies, spinnerets, laboratory ware, and 
other used equipment for reworking or re-refining. 


PLATINUM-GROUP METALS 995 


TABLE 2.—New platinum-grotp metals recovered by refiners in the United States, 
by sources 


(Troy ounces) 


Year and source Plati- Palla- | Iridium | Osmium |Rhodium| Ruthe- | Total 
num dium nium 
1952-56 (average) 47, 744 5, 642 2.618 895 £26 503 57,928 
f- 37. 199 4,031 2, 693 1, 549 1,056 990 47, 228 
AA A EE EE E 35, 409 5,913 3, 146 1, 014 1, 229 1, 484 48, 195 
1050. EE EES 37. 204 7,525 1,700 491 1. 379 42, 321 


— | . ——ÓÀ— E— —— — | ——MM | ————— | ———MÓ | ——— 
———M—— —— o | —————— M | —————— BÓ | . M | ——Ó— 


From domestic sources: 


Crude pintinun 22 
1 10,232 | 8,274 810 118 769 163 | 20,366 
From foreign crude platinum..| 24. 890 1, 362 1,865 885 1, 688 178 30,877 
Total... . 35. 131 9, 636 2, 875 1. 003 2, 457 341 61, 243 
1961: 
From cometio sources: 
Crude platinum. a 
V 17,155 | 22.668 1.284 147 932 306 | 22. 402 
Fiom foreign crude platinum] B. 98 6. 320 619 1 1, 061 2 30. 961 
f EEN 46, 113 28, 985 1, 903 148 1, 993 308 79, 453 


TABLE 3.—Secondary platinum-group metals recovered in the United States 


(Troy ounces) 


Year Plati- Palla- | Iridium | Osmium Total 
num dium 
1952-56 (average)................ 36, 665 30, 224 71, 052 
1a AOE EEEN M PP oc 8 49. 022 31, 204 1, 406 87, 521 
I IA 36, 426 38, 883 1, 223 81, 514 
A A A A 58, 915 68, 279 1, 188 135, 996 
. A umen s wid 38, 861 35, 465 914 76, 857 


A naue 32, 451 


Domestic ores and secondary materials furnished about 16 percent 
of domestic requirements of platinum-group metals in 1961. 


CONSUMPTION AND USES 


The quantity of platinum-group metals sold to domestic consumers 
increased 6 percent in 1961 to 823,000 ounces. This was about 8 per- 
cent less than the record high established in 1959. Gains in the quan- 
tity of metals absorbed by the electrical and chemical industries and 
for dental and medical uses more than offset declines in the consump- 
tion of these metals for other industrial uses. U.S. industries ab- 
sorbed about 70 percent of the world production of platinum-group 
metals in 1961. 

Platinum sales dropped 13 percent from 1960, owing chiefly to the 
falloff in demand from the electrical and glass industries. As in 1960, 
the chemical, petroleum, and glass industries absorbed about half the 
total platinum sold, and the electrical and electronic industries used 
nearly one-third of the total. Jewelry and decorative uses took 11 

ercent of the total platinum sold, and dental, medical, and miscel- 
aneous uses, 7 percent. 
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Sales of palladium increased 23 percent, chiefly because of the 
sharp rise in demand from electrical and electronic equipment manu- 
facturers, who took over two-thirds of the total palladium sold. De- 
mand for palladium for dental uses also was up, but demand from the 
petroleum industry and for jewelry and decorative uses declined. 
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Ficure 1.—Sales of platinum and palladium to various consuming industries in 
the United States, 1930-61, as percent of total. 


TABLE 4.—Platinum-group metals sold to consuming industries in the 
United States 


(Troy ounces) 
Year and industry Rho- | Ruthe-| Total Percent 
of total 
Chemical................ 253 20 
Petroleum. M5| 6300; 2. 838 8 
Gl... 8 300; 636 19. 8,273 ]........- 9 
Electrical 903 20 
Dental and medical..... 898 7 
Jewelry and decorative.. 066 8 
VT BE 828 | 
Geteste eier 583 100 
_ A E 
1061: 
Cbhemical................ 72, 016 2 
Petroloum 37,742 5 
EE 35, 234 aa 4 
Electrical 87, 419 B 
Dental and modical..... 16, 487 8 
Jewelry and decorative..| 30,187 7 
Miscellaneous. .......... 4, 003 1 
Total. EEN 283, 068 109 
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Sales of * metals —iridium, osmium, rhodium, 
and ruthenium— dropped 12 percent to 32,100 ounces. Nearly 40 per- 
cent of the quantity of metals sold went to the chemical and glass in- 
dustries, 28 percent for jewelry and decorative uses, 18 percent for 
electrical uses, and 5 percent for dental and medical uses. Rhodium 
comprised about 60 percent of the total sales. 

The platinum- group metals are noted for their high resistance to 
corrosive chemicals, resistance to oxidation and the formation of sur- 
face films, and stability at high temperatures. These properties, com- 
bined with superior catalytic activity and good electrical conductivity, 
form the basis of most of the industrial uses. In the electrical indus- 
try, platinum- group metals, particularly palladium, were used chiefly 
for make-and-break contacts where freedom from tarnish ensures low 
and constant contact resistance. A wide range of alloys and electro- 
plated metals were used for specialized electrical applications where 
resistance to spark erosion and mechanical wear are essential. The 
electrical industry was the largest consumer. In the chemical indus- 
try, the second largest consumer, platinum-group metals and alloys 
were used for a wide variety of corrosion resistant equipment such as 
crucibles, autoclaves, and other reaction vessels. Platinum and palla- 
dium catalysts were used in many chemical processes including gas 
purification, production of nitric acid, and hydrogen peroxide. Sub- 
stantial quantities of platinum-group metals continued to be used as 
catalysts in petroleum refining E in the production of high- 
octane 8 01100 by various reforming processes involving cracking, 
isomerization, hydrogenation and dehydrogenation, and sulfur re- 
moval. The pharmaceutical industry also used large quantities of 
platinum- metal catalysts in many complex reactions for producing a 
variety of drugs. 

Although no significant new developments in the use pattern of 
the platinum-group metals were noted during the year, there was 
evidence that platinum- group metals were being used to an increasing 
extent in some of the more recently developed applications. Tests 
indicated that thin coatings of platinum and related elements can 
provide protection against oxidation and corrosion at high tempera- 
tures to such refractory metals as tungsten, molybdenum, and tantalum. 
Full-scale tests by E. T. Du Pont de Nemours & Co. Inc., demonstrated 
that higher output and significant improvements in product quality 
can be achieved. by using platinum-plated titanium electrodes for 
electrolytic production of chlorine. Extensive tests by the National 
Cylinder Gas Division of Chemetron Corp. proved the commercial 
feasibility of the production of ultrapure hydrogen by palladium- 
alloy diffusion. Ultrapure hydrogen is desired in the production of 
high-purity metals and semiconductor materials. These newly-devel- 
oped applications are expected to lead to greater use of platinum 
metals in the chemical and other industries and in such aerospace ap- 
plications as protective coatings for nose cones of missiles and fuel 
nozzles for jet engines. 

Substantial quantities of platinum alloys continued to be used 
for such established applications as high-temperature thermocouples, 
resistance thermometers, and limit fuses. Large quantities of plati- 
num alloys also were used for bushings and headers for forming glass 
fiber and equipment for melting optical glass. Other important uses 
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of platinum-group metals and alloys include spinnerets for extrudin 
synthetic fiber, electric heating elements in furnaces operating at hig 
temperatures under oxidizing conditions, dental devices, and many 
Dd ie of jewelry and decorative products. 
hodium, the most abundant of the minor platinum-group metals 

was used principally for alloying with platinum, and rhodium electro- 
plate was widely used in jewelry, in printed electrical circuitry, elec- 
trical sliding contacts, and to impart a lustrous, nontarnishing sur- 
face to precision apparatus, scientific instruments, and reflectors. 

Iridium, osmium, and ruthenium were used mostly as alloying 
elements to improve the properties of the more abundant platinum 
and palladium by increasing their hardness, tensile strength, and 
resistance to heat and corrosion. A greater use of iridium as a source 
material in isotope radiography and the use of ruthenium and osmium 
as hydrogenation catalysts were noted. 


STOCKS 


Domestic refiners and dealers reported that total working stocks of 
platinum-group metals on hand, in process, or in transit, aggregated 
555,400 ounces at yearend, about 8 percent more than at the end of 
1960. Platinum-group metals held in Government stockpiles at year- 
end aggregated 1,544,000 ounces. 


TABLE 5.—Government inventory of platinum-group metals, December 31, 1961 
(Thousand troy ounces) 


National 
(strategic) Total 
stock pile 


1 Defense Production Act. 


5 50,000 ounces of platinum and 100,000 ounces of 
palladium were acquired for the supplemental stockpile under barter 
contracts in 1961. About 1,675 ounces of rhodium, 27 ounces of 
osmium, and 51 ounces of ruthenium were sold from the supplementary 
stockpile. 


TABLE 6.—Refiner, importer, and dealer stocks of platinum-group metals in the 
United States, December 31 


(Troy ounces) 


Platinum | Palladium | Iridium 


10, 315 
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PRICES 


Sustained demand at a relatively high level coupled with adequate 
supply brought continued price stability to the market for platinum- 
group metals. Official prices per troy ounce quoted by E & MJ Metal 
and Mineral Markets remained virtually unchanged, as follows: 
Platinum, $80-$85; palladium, $24-$26; osmium, $60-$70; rhodium, 
$137-$140; iridium, $70-$75; and ruthenium, $55-$60. Sales of plat- 
inum metals of Soviet origin were reported to have been made at 
prices slightly below official quotations, 

Reflecting lack of speculative interest and continued price stability, 
trading in platinum futures on the New York Mercantile Exchange 
was very quiet; no contracts were made during the year. Trading in 
platinum on the London market also was generally quiet with little 
change in price except for slight activity in August when the Berlin 
crisis brought some increase in demand. The London equivalent 
price range was about US$77-$79 an ounce, somewhat below the 
corresponding price at New York. Similarly, there was little trading 
in palladium except during the Berlin crisis, and prices on the London 
market remained relatively stable with the equivalent price range 
approximately US$21-$23 an ounce, also slightly below the quoted 
price at New York. 


DOLLARS PER OUNCE 
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FicurE 2.—Average price per ounce of platinum and palladium, 1930-61. 
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FOREIGN TRADE 


Imports. Foreign countries continued to supply more than 80 per- 
cent of domestic industria] requirements for platinum-group metals. 
Imports of these metals increased 30 percent to 884,000 ounces valued 
at $36.8 million; they included platinum and palladium acquired for 
the supplemental stockpile under the CCC program to barter surplus 
agricultural commodities for minerals and metas 

Imports of platinum, refined and unrefined together, were slightly 
higher. Palladium imports rose 55 percent, and the quantity of 
iridium, osmium, and ruthenium imports also increased in 1961. 
Rhodium imports dropped sharply compared with 1960. 

Most of the gain in imports resulted from a sharp rise in the quantity 
of metals received from the U.S.S.R., the United Kingdom, and the 
Netherlands, which accounted for 70 percent of the total. Imports 
from these countries more than offset a sharp drop in the quantity of 
metals imported from Canada and Switzerland. 


TABLE 7.—U.8. imports for consumption of platinum-group metals 


Year Value 
(thousands) 
1952-56 (average) $36, 912 
A ³˙ (( 34,131 
jp cacas 36, 840 


1 Data known to be not comparable with other years. 
Source: Bureau of the Census. 
3 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 


sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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TABLE 9.—U.8. exports bf platinarigrotup metals, by countries? 


Platinum (oré, concen- Palladium, rhodium, 
trates, ingots, bars, sheets. fridium, osmiridium, Platinum 


wire, sponge, and other | ruthenium, and osmium group 
forms, including scrap) metal and alloys manufactures, 
Year and destination cluding scrap) ER 
` ` ewe 
(value 
Troy Valué Troy Value 
ounces ounces 
1952-56 (average).................... 313,297 | 2 $1, 143, 225 3 16, 498 2 $499, 103 3 $1, 634, 098 
Ly Mem EE 17, 199 1, 328, 551 23, 155 373, 728 1, 960, 062 
TOSS t Pc 85, 075 1, 233, 350 12. 203 879, 375 2, 102, 566 
. 5ð 5⅛mᷣů ee RAM BEES 18, 560 1, 146, 795 12, 845 389, 988 2, 305, 855 
North America: 
anada 1. 164 103, 168 3, 236 82, 699 2, 081, 827 
We A ee ee 29, 958 2, 476 
Guatemala: 2. a a 12 300 
AAA Ad AAA % Rœ AA A 672 
Medien... 393 41, 328 1, 667 43, 005 124, 019 
Pl uestes. v. oM. r WE, e tees 
ort. 1, 862 174, 189 4, 055 127, 052 2, 208, 904 
South America: 
Bal 100 T. 508 AAA •-m a 
FFII ² ˙¹imAm COE vp IU et 12 288 2. 718 
Colombia... 10 850 185 5, 250 8, 671 
Venezuela. A 864 84 2, 164 8, 955 
OUNCE AAA 85 // EEN 4, 485 
Total......- AA 149 15, 359 281 7, 702 19, 829 
Europe: 
Beleium-Luxrembourg. ...... 10 800 70 14, 640 20, 075 
A ec sedo oceikas. 4, 305 855, 104 387 36, 633 96, 386 
Germany, West 9, 906 706, 381 1, 524 74, 883 6. 046 
Switzerland. 3. 11, 951 656, 47 7, 580 190, 376 513, 604 
United Kingdom 19, 135 1,075, 066 4, 141 57, 936 
OF EE EES IS ĩ ³ĩðV— n 22, 243 
HN d BEER 45, 952 2, 899. 500 9, 630 320, 673 716, 200 
Asia: 
tee AAA OS 158 AO , A 
CC 1. 301 103, 349 781 48, 175 20, 019 
PUILDDIDES ME AAA 8 5 3 5, 478 
Other: ra NN oes 37 Bot, AAA IA 3, 904 
Der RERO. 1, 496 121, 733 786 48, 487 29, 401 
e ... J 1, 502 
)%yn.ĩõĩ??ẽ AS UE, EE, AS 2, 420 
El Oe ES OEE Ee 
Grand total............. E 49, 497 3, 211, 538 15, 652 503, 914 2, 978, 436 
p——————————d ene | Seta (one e K! 
961: 
North America: 
Candi. 570 69, 049 3, 956 178, 206 1, 461, 510 
Guatemala. .........-.--- 4 „ . e 08, 155 
Mexſco 33 810 85, 721 2, 256 77, 186 262, 299 
Otb er HONO Q) JJ EE 2, 623 
Total... e... .---- 1, 380 154, 904 6. 212 255, 482 1, 824, 587 
SS Da AAA 
South America: 
Argentina 289 88, 3 . 402 10, 022 
FFII! K 4, 799 52, 707 569 15, 856 6, 078 
Che: ool cGeucccccsseeecs 97 NO DEER 3, 31 
Colombia. ue 487 38. 934 772 : 1, 77 
Venezuela... e eee 8 1, 095 122 3, 709 b, 744 
E Ge ere 10 FFC 4. 781 
Tota 6, 680 135, 082 " 1, 465 40, 065 31, 208 


See footnotes at end of table. 
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TABLE 9.—U.8. exports of platinum-group metals, by countries '—Continued 


Platinum (ore, concen- Palladium, rhodium, 

trates, ingots, bars, sheets, iridium, osmiridium, Platinum 
wire, sponge and other ruthenium, and osmium group 
forms, including scrap) (metal and alloys man 


Year and destination including scrap) except 
EE TA ew 
(value) 
Troy Value T Value 
ounces 0 
1941—Continued 
Europe: 

Belgium-Luxembourg....... 729 $18, 670 $10, 800 $29, 499 
France...................... 1, 218 94, 519 40, 595 125, 035 
Germany, West 225, 91 302 136. 094 
I EE 4, 387 348, 615 4, 437 11, 348 
Jö IA AM PAPA 14, 483 37,705 
Bwitzerland................- 2, 259 216, 242 142, 7 630, 393 
United Kingdom............ 22, 458 854, 113 64, 353 33, 177 
A AAA 35 I!! EE 5, 867 
c 33, 863 1, 762, 205 370, 739 1, 009, 318 
Indis. id 370 23, 306 10, 291 35, 491 
E 14 1, 683 141, 533 12, 901 
Philippines r BEE 2. 729 
535 ͤ GER Sena Cade 38 4, 290 1, 772 12, 616 
px AAA 451 30, 017 153, 506 63, 737 
Alleng, AAA Id] —— Gu AAA EEN $1, 162 
Oesanls 48 171717171717 y ced 3, 345 
Grand total 41, 385 2, 088, 753 819, 882 2, 983, 447 


1 Quantities are gross weight. 
3 Owing to changes in classification, data not strictly comparable with years before 1955. 
3 Less than 1 troy ounce. 


Source: Bureau of the Census. 


WORLD REVIEW 


World output of platinum-group metals, estimated at 1.2 million 
ounces, was 5 percent less than in 1960. Lower output was repo 
in the two leading platinum-metal producing countries of the free 
world, Canada and the Union of South Africa. These two countries 
furnished about two-thirds of the total world production; most of the 
remainder came from the U.S.S.R. 

Increased demand for platinum catalysts in the petroleum-refining 
industries of Europe and the Middle East was a significant factor in 
platinum sales outside the United States. New installations were 
made in these areas for the production of high-octane fuel. 

Canada.—Production of platinum-group metals declined 12 percent 
in 1961 to 404,900 ounces valued at Can$23.8 million. Slightly less 
than half the total output was platinum and most of the remainder 
was palladium. Virtually all of the metal was recovered as a by- 
5 of smelting and refining nickel- copper ores. In prior years, 

anadian production of platinum metals came almost entirely from 
the Sudbury district. of Ontario, but in March 1961 production of 
oe nickel ore began at the Thompson mine in northern 

anitoba, thus establishing a second Canadian source of platinum- 
group metals. 
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TABLE 10.—World production of platinum-group metals ? 


(Troy ounces) 
Country 1952-56 1957 1958 1059 1960 1961 
(average) 
North America: 
Canada: 
Platinum: Placor and from re- 
fining nickel-copper matte...... 147,214 | 199,565 | 146,002 | 150,382 221,832 
Other platinum-group metals: 404. 883 
From refining nickel-copper , 
FCC 178,096 | 216,582 | 154,366 | 177,713 | 238,480 
United States: Placer platinum and 
from domestic gold and copper re- 
fl 8 25, 857 18, 531 14, 350 15, 485 23, 609 43, 248 
Tell 851,167 | 434,678 | 314,817 | 343,580 | 483,930 448, 131 
South America: Colombia: Placer plati- 
num (U.8. im orts) EE 35, 730 24.267 19, 619 31, 498 28, 855 28, 227 
Europe: U.S. S. R.: Placer platinum and | ` 
from refining nickel-copper ores 3...... 210,000 | 250,000 | 250,000 | 300,000 | 330,000 850, 000 
ZAA-AAA—————|I—————————II———————IL—M——————DL—ÁALDL—LmM— 
Asia: 
Japan: 
Palladium from refineries......... 169 233 240 341 1, 306 2, 161 
Platinum from rofineries.......... 786 354 442 472 563 1, 550 
Iridium from refinerics............ 35 3, 215 A DEE E 3 
Philippines: 
latinum from refining nickel- 
platinum concentrates..........]..........]- -........|----......]- ----.....].......-.. 174 
Palladium from refining nickel- 
platinum concentrates. .........|..........|.--....... | nn een nn] epee eee ne] eee eee 215 
UC 960 3, 802 1,325 813 1, 959 4, 090 
ILLI I———————I (8 ͤ—— — — K — 
Africa: 
Congo Repub of the (formerly 
Belgian): Palladium from refin- 
rr. ds 67 325 TO) AA A DN Se 
Ethiopia: Placer platinum 201 248 180 68 189 180 
Union of South Africa: 
ina ‘group metals from plati- 
num ores eee e eee 847,269 | 003,704 | 2 300,000 | 2 375, 000 | 2 400,000 | 2 350, 000 
osmiridium from gold ores........ 6, 618 5,301 4 4,873 5,352 3 6, 334 3 7, 000 
Total EE . . 354,155 | 609,638 | 305,214 | 380,420 | 406, 523 357, 180 
e | a Ess Ee e E _—_—— 
Oceania: 
Australia: 
Placer platiuum damus 10 17 33 $2 E PEO 
Placer osmniridium...............- 35 66 42 d A A aa 
New Guinea....... II 5 6 14 28 18 4 34 
Total gp gp e ee 00 ooo So 0000» 51 97 92 21 6 9 4 


— | —ä—̃——— | a re —— ee 
A NN | — — e A M 


World total (estimate) 1.............| 950,000 [1,320,000 | 890,000 |1,060,000 1. 250,000 | 1, 190, 000 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Estimate. 

3 Annual average production, 1955-56, 

* Includes platinum, 

$ Sales. 


Complled by Augusta W. Jann, Division of Foreign Activities, 
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FiQicuRE 8.—World production of platinum-group metals, 1930, 1985, 1940-61. 


The Internationa] Nickel Company of Canada, Ltd., the largest 
producer, operated seven mines, including two which commenced 
production during the year. The company reported a new high in ore 
production, increased deliveries of platinum metals, and an increase 
In its ore reserve. As part of a general program for improving the 
efficiency of methods of refining platinum metals, the company rebuilt 
E EE the smelting section of its platinum refinery at Acton, 

ngland. 

alconbridge Nickel Mines, Ltd., the other Canadian producer of 
platinum metals, operated five mines in the Sudbury district, two of 
which were virtually depleted at yearend. One new mine, the Strat- 
cona, was under development. Pre-production development contin- 
ued at two new platinum-bearing nickel-copper ore deposits, the Mar- 
bridge Mines, Ltd., property in Quebec and the Nickel Mining & 
Smelting Corp., property in western Ontario. A new copper-platinum 
deposit discovered near Belleterre, Quebec, was reported to contain 
from 0.05 to 0.07 ounce a ton platinum. 

Colombia.—Output of platinum-group metals in Colombia was only 
slightly lower than in 1960. The leading producer, South American 
Gold & Platinum Co., reported a 16-percent drop in output of plati- 
num as the grade of gravel declined. Six dredges were operated 
throughout the year and handled 21.6 million cubic yards, about 1 
million cubic yards more than in 1960. The company also reported 
a gravel reserve of 64.2 million cubic yards averaging US$0.174 a cubic 
yard combined gold and platinum, compared with 64.4 million cubic 
yards averaging US$0.200 a cubic yard in 1960.“ 


“South American Gold & Platinum Co., Forty-fifth Annual Report 1961, p. 17. 
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Union of South Africa.—Output of platinum-group metals in South 
Africa was estimated to have decreased about 12 percent, as Rusten- 
burg Platinum Mines, the leading producer, reduced ore production. 
The company did not disclose production figures, but the following 
statement from the company’s Annual Report for fiscal year 1961 in- 
dicates a falloff in output of platinum metals: 


As stocks began to build up to the required levels during the year ended 31st 
August 1961, the scale of operations was gradually reduced, and after the close 
of the financial year, further reductions were effected and production at the 
company’s mines is now in the course of being stabilized at a level considered 
appropriate to normal market requirements. 


The Rustenburg company also reported a small gain in the total quan- 
tity of platinum-group metals sold, as increased sales of SE 
metals more than offset a slight decline in platinum sales. The com- 
pany also reported reserve stocks of platinum-group metals as of 
August 31 valued at US$10.4 million, about 10 percent more than at 
the corresponding date of 1960. 


TECHNOLOGY 


The geological setting of the world’s largest platinum ore deposits, 
their development, methods of extracting and treating the ores, and 
general operating conditions at the mines were described.“ 

A process for plating platinum-group metals by chemical displace- 
ment without an external electric current was developed by Interna- 
tional Nickel Co. (Mond), Ltd., London, Eng., The procedure is par- 
ticularly applicable to plating palladium and rhodium on printed 
circuits since it eliminates the need for electrical connections to iso- 
lated parts of the printed pattern. Details of the plating techniques 
and some specific applications were described.* | 

À new composite material was developed to prevent undesirable 
transfer of glass constituents through platinum in such applications 
as crucibles, laboratory ware, and glass-handling apparatus.’ The 
new materia] provides substantially longer life and improved strength 
under high temperatures and corrosive operating conditions. It con- 
sists of three layers of material—two outside layers, composed of 
wrought platinum or platinum alloy, and a layer of powdered metal, 
bonded between these outer layers. The ingot resulting from the 
metallurgical bonding of the three layers can be worked as a standard 
platinum-alloy bar. 

A composite metal wire, developed for application in thermocouple 
elements, gave superior performance with increased life under con- 
ditions where the thermocouple may be subjected to abnormal stresses. 
The new wire was recommended for use in steel-bath quick-immersion 
pyrometry, route creep testing, laboratory thermal analysis, and in 
applications where the thermocouple may be subjected to vibration 


€E Benth, C. R.. C. A. Cousins, and R. J. Westwood. The Exploration of the Platiniferour 
pies of the Bushveld Igneous Complex with Particnlar Reference to tbe Rustenburg 
Dn tinum Mines. Paper pres. at the 7th Commonwealth Min. and Met. Cong., April 1961, 

3 pp. 

e John«on. R. W. Immersion Plating of Platinum Group Metals. J. Electrochem. Soc., 
v. 198 No 7, Julv 1981, pp. 632-635. 
THIN. J. 8. Trilay—A Noble Metal Composite Material. Engelhard Industries, Inc, 
Tech. Bull., v. 11, No. 2, September 1961. pp. 45—47. 
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or shock. The composition, methods of production, and physical prop- 
erties of the wire were described.* 

An article describing the properties, production, technology, and 
uses of rhodium was pu lished > 

Adaptations of solions, which consist basically of platinum elec- 
trodes in a solution of elementary iodine in an aqueous potassium 
iodide solution, for use as simple electrochemical diodes, pressure- and 
movement-measuring devices, integrators, and amplifiers were 
described. Principal applications of the solion will probably be in 
control engineering. 

Oxides of the pure platinum metals, formed in air and oxygen at 
various temperatures, were discussed and compared. Also the nature 
of the oxidation of platinum and palladium alloys and the relation- 
ship of the form of oxidation to the type of alloying constituent and 
temperature were determined.“ 

e chemical, physical, and mechanical de ee of platinum- 
group metals were discussed, and several applications of the metals in 
the chemical industry were described in a trade journal.*? 

Testing several electrolytic solutions of ruthenium salts and nitro- 
syl derivatives for electrodeposition of ruthenium disclosed that the 
most useful electrolyte for continuous operation was prepared from 
ruthenium-nitrosyl-sulphamate with 5 g Ru/l as the optimum con- 
centration. A current density of 8 amp/dm? at 70° C produced 
bright deposits up to 0.0002 inch thick.“ 

he electrochemical properties of titanium and platinum-coated 
titanium anodes and methods of applying platinum to titanium were 
discussed.'* Uses of platinum-titanium anodes included fuel cells, 
oa protection systems, electrodialysis cells, and caustic-chlorine 
cells. 

Based on a 15-month operating test, E. I. du Pont de Nemours & 
Co., Inc., disclosed that p nl ion anodes employed in place 
of the usual graphite anodes in chlorine cells resulted in lower cost, 
increased production, and improved product quality. A 25-percent 
increase in output was reported, based solely on direct substitution of 
platinized titanium for platinum.’ 

Atlantic Refining Co. announced the development of an improved 
oe of repurifying spent platinum catalyst used in oil refining. 

he process, called Met-X, uses tiny beads of special resin in water to 
separate metal contaminants from the platinum. The metal is scoured 


$ Hill, J. S. The Use of Fibro Platinum in Thermocouple Elements. Engelhard Indus- 
trier, Inc., Tech. Bull.. v. 11, No. 3, December 1961, pp. 85-87. 

“Sanderson, L. Rhodium. Can. Min. J., v. 82, No. 11, November 1961, pp. 65-67. 

10 Euler, J. The Sollon, an Electrochemical Control Element. Electrotech. E., pt. B. 
v. 12. No. 22, pp. 537-554. 

1 Betterldge, W., and D. W. Rhys. The High Temperature Oxidation of the Platinum 
Meine and 991 0 Alloys. Paper pres. at ist Internat. Cong. on Metallic Corrosion, Lon- 

on, Apr ` pp. 

1 Stevenson, J. A. Materials of Construction for Chemical Plant, Platinum. Chem. 
and process Eng., v. 42, No. 1, January 1961, pp. 31-36. 

13 Reid, F. H., and J. C. Black. lectrodeposition of Ruthenium. Trans. Inst. Metal 
Finishing. e 38, No. 2, 1861, pp. 4 : 

1 Tirrell, C. E. Electrochemical Applications of Platinized Titanium. Crucible Titanium 
Ret Chemical Week. "Hlntiaum-Plated Anod Wins Chlorine T 

1emica eek. atinum-Plated Anode ns orine Test. V. 88, No. „ 25, 

1961, pp. 153-154, 158, 160. Mar 26 
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from the resins in an acid bath. The company Pore substantial 
savings in the cost of catalysts by the use of the Met A process.’ 

Development of a halide-free platinum reforming catalyst was 
announced by Houdry Process Corp. The new catalyst containing 
about 0.5 percent platinum was being used in reforming units in Japan 
and was reported to be producing high yields of motor gasoline of the 
required high octane number without adding halogen compounds 
5 considered a necessary component of the catalyst system. 

he new catalyst contains the same amount of platinum as other 
reforming catalysts and is readily regenerated in place.“ 

A precision resistance temperature detector for high pressure appli- 
cations with a response time of less than 1 second was developed by 
Engelhard Industries, Inc.!? The major application of the high-speed 
detector is expected to be in nuclear reactors, where sudden temper- 
ature Increases may indicate trouble developing and split-second auto- 
matic shutdown is imperative. The unit senses changes in temperature 
by the resultant change in the electrical resistance of a platinum or 
nickel wire element and is designed for operating pressures up to 
2,500 psi and temperatures at 600° F. 

More than 200 patents were issued in the United States and the 
United Kingdom involving the use of platinum metals in various 
industrial processes and products. The bulk of the patents covered 
the preparation, use, and recovery of platinum metals as catalysts in 
petroleum refining and chemical and petrochemical processes and in 
the manufacture of pharmaceuticals.’® In addition, several patents 
were issued for applications of platinum metals in electrical and 
electronic equipment, for alloys used in structural materials, and for 
metal joining. 

Several miscellaneous articles of general interest on platinum-group 
metals were issued during the year. 


1$ Wall Street Journal. Atlantic 91 Says New Process to Purify Catalysts Will 
Cut Cost. V. 158, No. 105, Nov. 29, KE 2. 

17 Chemical Age (London), Houdry Make Halide-Free Platinum Reforming Catalyst. 
V. 86, No. 2194, July 29, 1961, Pp. 165-166 
5 Meta Market. e 


„ 1961. 
Men, C. C. The Platinum Metals. Min. Res. Div., Dept. of Mines and Tech. Surv., 
Ottawa, Canada, 1961, 68 pp. 

Allen C. C., Platinum Metals. Min. Inf. Bull. MR 56, A Preliminary Survey of the 
Canadian Min. Ind. in 1961, pp. 27-28. 

Beath, C. B., C. A. Cousins, and R. J. Westwood. The Exploitation of the Platiniferous 
Ores of the Bushveld Igneous Complex with Particular Reference to the Rustenburg 
d ow Mines. Paper pres. at the 7th Commonwealth Min. and Met. Cong. April 

e p. 
113 120 122 12 The Platinum Metals Today. V. 80, No. 1, July 1961, pp. 87-90, 116, 

Plummer, M. E. V., J. M. Kavanagh, J. C. Hole, and F. E. Beamish. Copper, Nickel, 
and Iron Alloys for the Quantitive Recovery of the Platinum Metals ín Ores and Con- 
centrates. Trans. AIME, v. 221 (Met. Soc.) No. 1, February 1961, pp. 145-151. 


Potash 


By Richard W. Lewis * and Gertrude E. Tucker * 


A 


RODUCTION of marketable potassium salts in the United States 
p continued to increase and was 157,000 short tons above the pre- 
ceding record year of 1960. Sales for 1961 were down 4 percent, 
however, total value of sales exceeded that of 1960 owing to price 
increases. 


TABLE 1.—8Salient potash statistios 
(Thousand short tons and thousand dollars) 


United States: 


Production of potassium salts (market- 

de AAA aean quantity.. 4,472 
als equivalent K30...do.... 2, 147 2, 638 
VAIO KEE $75, 000 3 $89, 676 

Sales of potassium salts by produc- 

„CCFCCCCCCC quantity 3, 954 4, 191 4, 412 
Approximate equivalent K, O. do 2, 336 2,476 2, 602 
Value at plant $81,577 | $83,903 | 2 $88, 417 
Average per ton $20. 64 $20.02 | 2 $20. 04 

Imports for consumption of potash ma- 

et E quantity.. 366 432 9415 
Approximate equivalent K30...do.... 199 234 226 

A RESP 737 | 9 $15, 370 

572 833 


Exports of potash a sc dl fa 
e E equivalent K30...do.... 
A A RAE AERE 


F uantity.. 

Approximate equivalent K: O. do. 
World: Production (marketable): 

Approximate equivalent K30...do.... 


1 Derived from reported value of Sold or used.” 
3 Revised figure. 
3 Measured by sold or used plus imports minus exports. 


LEGISLATIVE AND GOVERNMENT PROGRAMS 


The U.S. Department of the Interior declared a 10-year withdrawal 
from oil and gas leasing of approximately 5,000 acres of public lands 
in southeastern Utah. The area, 8 miles northwest of Moab, was 
reported to contain rich potash deposits.“ 


1 Commodity specialist, Division of Minerals. 

3 Statistical assistant, Division of Minerals. 

3 Federal Register. Withdrawing Public Lands From OU and Gas Leasing for Preser- 
vation and Development of Potash Deposits Belonging to the United States. V. 20, May 18, 
1961, p. 4333. 
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DOMESTIC PRODUCTION 


Marketable production of potassium salts in the United States for 
1961 was 4 percent greater than in 1960. Output of crude potassium 
salts in the Carlsbad, N. Mex., area reached a new high, 4 percent 
over the preceding year. The calculated average grade of the crude 
salts mined was 18.74 percent K,O equivalent, compared with 18.85 
percent in 1960. 

The principal producing States were New Mexico, California, and 
Utah; New Mexico furnished 92 percent of the domestic output. 
Maryland and Michigan again contributed only relatively small 
quantities. 

Approximately 15,000 short tons of manure salts, containing 3,250 
tons KO equivalent was produced in New Mexico and Utah. 

No new companies began producing in 1961, but Texas Gulf Sulphur 
Co. appeared to be on schedule with the development work on its 
property near Moab, Utah. 

A 25-percent expansion of capacity was under way at the American 
Potash & Chemical Corp., Trona, Calif., plant. The project was 
scheduled for completion in 1962 at an estimated cost of $12-$15 
million. 

Bonneville Ltd., Wendover, Utah, planned additional expansion of 
potassium chloride production capacity, which had been raised 25 
percent in 1960. Japan was an important export market, and the 
company shipped an initial 5,250 tons of muriate from the Port of 
Stockton. 

Continental Oil Co. and San Jacinto Petroleum Corp. began joint 
exploration on approximately 38,000 acres of potash permits in Utah 
and planned large-scale commercial production if the ore body is 
confirmed. 


TABLE 2.—Production and sales of potassium salts in New Mexico 
(Thousand short tons and thousand dollars) 


Crude salts! Marketable potassium salts 
Mine production Production 
Year EEN 
Gross K10 Gross K30 
Weight aus weight | equiva- | Value 1 
ent ent 
1952-56 (average).... 9. 2. 000 1,770 | $66,213 
TT 12. 893 2, 430 2. 080) 77. 197 
ö eer 12. 224 2. 309 1. 978 69. 106 
Ii ás 13, 932 2, 5*8 2, 189 74,117 
IU) i couche mors 15,071 2,841 2,440 | ! 82,615 
MOGI cosacos stots 15, 653 2, 931 2, 523 j 


1 Sylvite and langbeinite. 
3 Derived from reported value of “Sold or used.” 
3 Revised figure. 
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Duval Sulphur & Potash Co. started mining potash at its new 
Wills-Weaver mine, 13 miles north of its Saunders mine and refinery 
in the Carlsbad basin. New screening and granulating facilities, near 
completion in December, would allow the company to supply granular 
potash in addition to coarse and standard grades. No increase in 
capacity was announced. 

International Minerals & Chemical Corp. expected to complete a 
$1.8 million expansion and improvement program at its Carlsbad 
potash operation. 

Kerr-McGee Oil Industries, Inc., joined National Farmers Union 
Service Corp. in forming Kermac Potash Co. to mine and mill exten- 
sive potash reserves near Carlsbad, N. Mex. A large-scale pilot-plant 
pron am was launched at the Kerr-McGee metallurgical research 

acilities at Golden, Colo., to obtain data to aid in formulating con- 
struction plans for a 1,500-ton-per-day plant. The reserve under 
lease by the company was estimated at 80 million tons of ore, averaging 
18.43 percent K: O. 

Leprechaun Mining and Chemical Co., Inc., conducted exploratory 
drilling in a dry lakebed near Silver Peak, Nev. Estimates of the 
potash reserves were given as more than 10 million tons.“ The com- 
mercial production of lithium, cesium, and rubidium as byproducts 
was a possibility. 

Potash Company of America embarked upon a $3.5 million modern- 
ization program at its Carlsbad, N. Mex., facilities. The project in- 
cluded a new flotation system and modern equipment for handling 
the potash ore and waste materials. It was reported that, when 
the project is completed in mid-1962, the life of the company reserves 
will be extended to at least 16 years. Before modernization, the 
reserves had been calculated at 10 years. 

Southwest Potash Corp. completed construction of a $7 million 
potassium nitrate fertilizer plant at Vicksburg, Miss., and began test 
and break-in operations. 

Texas Gulf Sulphur Co. showed progress in its $30 million potash 
project at Moab, Utah. By the end of 1961, the 22-foot-diameter 
shaft was nearing the 700-foot level; foundations were laid for a 
warehouse to store 125,000 tons of refined potash; access roads were 
under construction; the Denver & Rio Grande Western Railroad had 
begun construction of a 36-mile-long branch line from Crescent Junc- 
tion to the plant site; and Utah Power & Light Co. had brought elec- 
tric power lines to the project. Metallurgical tests were conducted 
at the Colorado School of Mines Research Foundation on the ore 
recovered from test-well drill cores, and the final flowsheet was pre- 
pared by Texas Gulf engineers. First production was scheduled 
for the end of 1962. 


180 ng we "^ Mining Review. New Company to Mine Potash. V. 50, No. 48, Dec. 2, 
s California Mining Journal. Clayton Valley Potash Deposit to Bring a Modern Gold- 
field Boom. V. 30, No. 12, August 1961, p. 24. 
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CONSUMPTION AND USES 


The apparent consumption of potassium salts in the United States 
continued to decline and was about 63,000 short tons (K: O equivalent) 
less than in 1960, approximating the 1958 level. 'This drop in con- 
sumption was due in part to adverse weather conditions in some 


States. The large reduction in corn acreage and the price increase 
also contributed. 


TMOUSANO SHORT TONS Eo 
2,800 


0 
1930 1934 1938 1942 1946 1950 1954 1958 1962 


Ficure 1.—Comparison of apparent domestic consumption of potash (R. O) and 
sales of domestic producers of potash in the United States, 1930-61. 


Illinois continued to be the leading State for deliveries of agri- 
cultural potash, with 200,011 short tons (K: O equivalent); Georgia, 
Indiana, Ohio, and Florida followed in order. Virginia ranked sixth 
with a 20-percent increase over 1960. Deliveries, however, do not 
necessarily correspond to consumption since much of the potash deliv- 
ered is used in mixed fertilizers and resold outside the receiving State. 
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The consumption of high-purity potassium chloride for chemical 
use increased nearly 7 percent. 


TABLE 3.—Deliveries of potash salts in 1961, by States of destination 
(Short tons of K30) 


1, 472 
Ann 1.227 122 || New Hampshire. 36 20 
Arkansas 42, 573 125 || New Jersey 31. 265 1. 894 
California................ 19, 045 7,909 || New Mexico.............. 1, 424 20 
Colorado................. 1, 075 12 || New York................ 35, 737 65, 026 
Connecticut.............. 2, 984 126 || North Carolina 102, 919 299 
Delaware 7, 277 468 || North Dakota „ 
Distriet of Columbia A OMS. 148, 248 4, 686 
o A eee dero eds 140, 707 1, 126 || Oklahoma 6, 225 508 
Georgia 158, 230 730 || Oregon 5,016 256 
als eer 1,116 [ie Pennsylvania 35, 535 2, 579 
ines. 200, 011 3,198 || Rhode Island 1,455 588 
Indiana 157. 283 2, 468 || South Carolina 566, 096 00 
VOWS WEE 65, 561 221 || South Dakota 2864 
Kansas 2, 337 Tennessee................ „! 
Kentucky enee 43, 820 e EE i 6, 599 
Louisiana 21. 896 ¡A u 8 
Meines cs 12. 216 101 [Vermont 3,577 AA 
Maryland 72, 462 974 || Virgin 130, 515 506 
Massachusetts 17, 509 126 || Washington.............. 9, 279 448 
Michigan 69, 256 685 || West Virginla 1. 107 11, 929 
Minnesota 65, 402 |............ Wisconsin 72, 808 109 
Mississippi. ..-.....--.-..- 45, 203 Wyoming E 
Missouri 50, 667 1, 477 — — — 
Montana 25 (1) Total.......-.------ 2, 078, 790 145, 074 
Nebraska 1 soe er 
1 Less than 1 ton. 


Source: American Potash Institute. 


STOCKS 


Producer-held stocks of potash (K: O) increased 79 percent, almost 
equaling the record of 1957. Yearend stocks in the potash industry 
include material sold for delivery in the spring planting season that 
begins in February. 


TABLE 4.—Stocks of potassium salts in the United States 
(Thousand short tons) 


Stocks, Dec. 31 


Number of 
Year producers 


Potsssium Equivalent 


508 300 
039 560 
625 372 
464 277 
521 311 
924 996 
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PRICES 


The 1961-62 bulk prices of domestic potash were 2 to 3 cents per 
unit higher than in the preceding fertilizer year. 

Price lists were published by producers in April 1961 for shipments 
during the months indicated against contracts made before July 1, 
1961. An additional 2 cents per unit was charged on contracts made 
after June 30, 1961. 

All producers charged $5 per short ton extra for muriate shipped 
in 100-pound bags and reserved the right to adjust prices to meet 
competition from other producers. 


TABLE 5.—Bulk prices for New Mexico potash’ 
(Cents per unit K20) 


1961 1962 
Product EE e TE 
July-Aug.|Sept.-Oct.|Nov.-Dec.| Jan. Feb.-June 
Standard muriate, 60 percent K:0 minimum 35 36 37 37 40 
Coarse murlate, 60 percent K20 minimum......- 36.5 37.5 38.5 38.5 41.5 
Granular muriate, 60 percent K3O minimum 38 39 40 40 43 
Sulfate of potash, 50 percent K20 minimum..... 65.5 70.5 70.5 73.5 73. 5 
Manure sa!ts (run of mine), 20 percent K:0 mini- 
ü claros 17.65 17.65 17. 65 17. 65 17.65 


1 Quoted by producers, Lob Carlsbad, in minimum 40-ton carlots, 


TABLE 6.—Bulk prices for California potash * 
(Cents per unit K30) 


1961 1962 
a Product AE An 
July-Aug. |Sept.-Oct. |Nov.-Dec.| Jan. |Feb.-June 
Standard muriate, 60 percent K;0 minimum 44 45 46 46 48.5 
Granular murlate, 60 percent K30 minimum 45 46 47 47 49. 5 
Sulfate of potash, 50 percent K30 minimum....... 76 76-81 81 H 1 


1 Quoted by American Potash € Chemical Corp., carlots, f.0.b., Trona, Calif. 


FOREIGN TRADE * 


Imports.—Imports of potassium material used chiefly for fertilizer 
were 13 percent higher than in 1960; muriate shipments from West 
Germany and France increased 35 and 26 percent, respectively. Also, 
Italy shipped 17,758 short tons of potassium sulfate to the U.S. 
market Imports from the U.S.S.R. decreased 31 percent; Spanish 
muriate was 27 percent less. 


€ Figures on U.S. imports and exports compiled by Mae B. Price and Elsie D. Jackson. 
Division of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census, and the American Potash Institute, Inc. 
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Exports.—Total potash exports amounted to 19 percent of sales but 
shipments were down nearly 3 percent from 1960. Exports of fer- 
tilizer potash to North American, European, and Asian countries 
decreased 14, 59, and 4 percent, respectively. Deliveries to Oceania, 
however, increased 66 percent. 


TABLE 9.—U.8. exports of potash materials, by countries 


Fertilizer Chemical 
1960 1961 1960 1961 


Value Bhort Value Short | Value 
tons tons 


Dod — —— denn | e 


A DUE $3,148, 901 |107, 058 |$4, 256, 709 | 8,925 [$1,270,454 
4 214 524 23, 055 13 4, 781 
EE 898 600 PA 60 19, 5884 8k 
169, 785 4, 869 172, 132 4 1, 106 
AA 95 0. DOO AA ÓN 2 1, 530 
3 368. 252 | 17,305 452, 438 583 142, 620 
he 100 6. 327 408 17. 868 21 2. 687 
EE 4, 592, 669 1130, 164 | 4, 922, 202 9, 608 |1,462,763 
— — — . — E — . — ͤ — 
. 282 8. 597 1.225 40. 290 155 40, 224 300 
333 A RO E 47, 442 | 1,401, 807 | 42,996 | 1,482, 976 195 52, 582 256 
J 55 25, 986 4, 222 127, 704 61 21, 782 27 
EEN 36, 076 550 24, 150 151 37,655 143 
A A 8 600 31, 760 30 8, 509 68 
ANA A 9,100 AA EE 6 4, 726 42 1, 359 
uu O A T8 8 3, 961 46 , 521 
Venezuela............. 275 9,580 |........].........-- 94 27, 742 319 79, 457 
Nd, EE | ager Eats 07 3, 185 14 13, 734 73 14, 
Total. esos te cued 49, 843 | 1, 491,146 | 49,660 | 1, 710, 065 714 210, 915 332, 278 
El Kl a SO OE Kl _  eS BÓ 
deet rt 
Igium-Luxembourg.| 4, 500 1175 350 AM AA 29 16, 707 16, 680 
Germany, , -T 77 32, 723 138, 608 
Ireland 15, 355 e . EE AAA 1. 080 
177; m8 24, 808 617,333 | 16, 240 495, 705 1, 261 93, 241 39, 173 
Netherlands 4 624 26, 222 113 E8, 481 13,373 
Sweden 2, 204 SS gll EE, EE 639 44, 875 à 
United Kingdom...... 5, 085 138, 859 4, 475 123, 054 604 196, 171 13, 246 
OX a- RA GE DE see ee PA 72 39, 911 , 976 
Total 51,952 | 1,355, 596 | 21, 839 644, 981 2, 855 482, 109 518, 843 
Asia: 
.. A eee as ee toe us 7 4, 927 35, 730 
Japan 486, 869 |13, 857, 907 409. 082 |16, 574, 044 20 11,615 , 220 
Korea, Republic of. 1,911 86,456 | 18,998 | 690.086 | 1,222 | 54,726 
Pakistan..............]........]--.---...-.. 11. 593 75, 860 1 1.347 2, 818 
Philippines 4, 683 145,235 | 7,467 238, 047 43 18, 925 20, 508 
Talwan 10, 578 820, 697 | 25, 388 907, 258 1 318 301, 137 
Viet Nam -.-.--..-- 9, 194 402, 498 5 1. 203 8, 341 
CHOP A 10 Li AA AAA 50 23, 901 49, 682 
Total 504, 051 14. 411. 467 1481, 722 |19, 285, 703 1. 349 117,052 445, 356 
-a SE Ee A M: Se 
ca: 
Union of South Africa.| 12, 879 366, 395 | 18, 602 621,515 | 1,519 47, 590 1], 760 
Other...... mn bonsa 72 3,141 5 224 1, ^04 27, 691 522 
Total.......... eeeece| 12, 951 369, 536 | 18, 607 621,739 | 2,523 75, 281 46, 282 
== == AA === ===) == === == 
Oceania: 
Australla Ee 2, 465 73, 706 | 29, 489 939, 346 323 60, 575 7, 492 316, 204 
New Zealand.......... 42, 900 | 1,214,280 | 45,833 | 1, 648,175 (1) 300 18 3, 719 
Other eene ee ep „„ „ „4 „ e el oe e eege oe le ee e e e ee e wm = 13 494 we gr e ep ep e e e lan e enee ep e e e e le age eeesleasucece Cu 
Total. . 45,365 | 1,287,986 | 75,335 | 2, 488, 015 323 69, 875 7, 510 819, 923 


KH 


Grand total.........-/815, 521 |23, 508, 400 |776, 827 129,672, 795 | 17,372 |2, 417, 995 | 29, 740 | 2, 995, 305 


1 Less than 1 ton. 
Source: Bureau of the Census, 
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WORLD REVIEW 


Canada.—Interest continued high in the rich potash area of Saskatch- 
ewan with both speculation and activity taking place. By the end of 
1961, 14 firms were holding about 1.6 million acres under permit. 
The great difficulties encountered by three companies while sinkin 
shafts through the Blairmore formation, containing water and san 
under high pressure, caused others to be reluctant to start operating. 

Continental Potash Corp. made good progress in reclaiming and 
repairing its 1,800-foot shaft, which had filled to within 360 feet of the 
surface with water and sand in the summer of 1960. Plans were made 
for cement grouting upon completion of the repair work, after which 
the shaft would be extended about 1,400 feet to the top of the potash 
deposit.“ 


TABLE 10.— World production of potash (marketable, unless otherwise stated) 
by countries 


(Short tons, K: O equivalent) 


Country ! 1952-56 1957 1958 1959 1961 
(average) 

North America: 
Canada A E PAS A 88 , EEN 
United States 1, 952, 803 | 2, 266, 481 | 2,147,671 | 2,383,259 | 2,638, 574 | 2, 72. 602 
Crude (including brines) 3..| 2, 183, 446 | 2,615, 808 | 2,478,725 | 2, 781, 960 | 3,039,309 | 3, 143, 569 
pout America: Chile (nitrate) 10, 335 8, 339 9, 811 15, 482 4 16, 500 4 14, 000 

urope: 
e 1. 197, 033 | 1,545,323 | 1,628, 146 | 1,611, 466 | 1,692,046 | 4 1, 850, 000 
E Gude 1,360,874 | 1,736,894 | 1,835,033 | 1,828,804 | 1,909,791 | 2,098, 798 
ermany 
East A 1,520,000 | 1,653,000 | 1,700,000 | 1,764,000 | 1,764,000 | 1,764,000 
Crude . eegen 1,754,000 | 1,900,000 | 1,960,000 | 2,028,000 | 2,028,000 | 2,028, 000 
A E AN 1,676,380 | 1,862,904 | 1,886,052 | 2,026,046 | 2,179,836 | 2,252, 901 
Crude AAA 1, 995, 556 | 2, 190, 290 | 2, 225, 564 | 2, 363, 353 | 2,553, 161 | 2,645, 544 
TONY A ait nenei (5) (5) 9, 022 11,575 51, 162 4 154, 300 
BPhif A suae kutos hei 230, 310 251, 460 262, 672 269, 790 291, 356 4 298, 000 
n 5355 3 8 „000 | 1,040,000 | 1,100,000 | 1,160,000 | 1,212,500 | 1,300,000 
sia 
men Kee 11, 128 50, 000 67, 100 72, 000 000 * 132, 300 
apan 
Alunite 222 370 500 500 210 90 130 
Sar benntee luca 1. 175 1, 380 2, 120 2. 540 
Africa: Eritrea ö » OU eee eee A VE 
World total (marketable) 

(estimate) 1 e 7, 300, 000 | 8, 700, 000 | 8, 800, 000 | 9, 400, 000 10, 500, 000 


t Potash may be produced in Poland; data on production are not available, and no estimate is included in 


3 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 
: 7 Ayo duplication of figures, data on crude potash are not included tn the total. 
timate. 
$ Data not available, estimate included in total. 


Compiled by Helen L. Hunt, Division of Foreign Activities. 


International Minerals & Chemical Corp. (Canada), Ltd. (IMC), 
on March 25, 1961, completed the cast-iron-ring lining of its shaft 
through the Blairmore formation. The shaft is about 14 miles east 
of Esterhazy, Saskatchewan. Plans were announced by IMC officials 


* Northern Miner (Toronto). Continental Potash Makes New Plans for Shaft Sinking. 
V. 47, No. 88, Dec. 14, 1961, pp. 1, 11. 
Bureau of Mines. Mineral Trade Notes. V. 53, No. 1, July 1961, pp. 82-83. 
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to expand the refinery capacity to more than 1 million tons per year. 
The processing facilities completed in 1961 would handle 420,000 tons 
of | oes annually.? 

Iso active in shaft work was Potash Company of America, which 
first produced potash in Canada in 1959 from its property near Saska- 
toon, Saskatchewan. "The mine closed in the fall of the same year 
because of water problems in the shaft. Grouting of the entire shaft 
was started and by the end of 1961 was complete in the two lower 
Zones.!? 

Northwest Company, Ltd., was issued permits to carry out potash 
exploration on approximately 200,000 acres in the Findlater and 
Regina Beach-Lundsen areas of Saskatchewan.” 

Standard Chemical Ltd., a jointly owned subsidiary of Armour & 
Co. and Pittsburgh Plate Glass Co., embarked upon a $1 million 
exploratory program to determine whether a “solution mining" tech- 
nique Soild: be successful in exploiting a 5,000-foot deep potash 
deposit at Belle Plaine, Saskatchewan.” 

ombill Mines, Ltd., completed 11 test holes which indicated an 
estimated 600 million tons of ore, which averaged 25 percent KO 
In October the company began drilling to find the most favorable 
shaft site. Material from the drill cores was used for flowsheet 
studies.“ 

United States Borax & Chemical Corp. and Homestake Mining Co. 
entered into a joint venture to complete studies to determine the possi- 
bilities for large-scale potash production in Saskatchewan, where 
U.S. Borax had been exploring land held under permits since 1957." 

Ethiopia.— Ralph M. Parsons Co. of Los Angeles, Calif., was awarded 
a concession for exploiting potash at Dallol on September 23, 1961. 
Development of the Dallol potash deposits was planned to take place 
during the next few years and would include housing facilities, main- 
tenance shops, powerplants, mining operations, a processing plant, a 
new deep-water port on the Red Sea, and a 68-mile road or railroad 
from plant to port.“ 

Germany, East.— According to the East German news agency, ADN, 
considerable reserves of mineral including 2 billion tons of potash 
salts, were discovered and proved in East Germany.!* 

India.—Included in India’s plans for increased use of fertilizer 
was an annual consumption of 200,000 tons of potash by 1966, all of 
which would be imported.“ 


9 Precambrian-Mining in Canada (Winnipeg). International Minerals Starts $10 Mil- 
Mon Program. V. 34, No. 9, September 19901, p. 55. 

19 Mining Congress Journal, v. 47, No. 12, December 1961, p. 84. 

11 Mining En incering. Calgary Firm in Potash Exploration. V. 13, No. 9, Septem- 
ber 1961, p. 1023. 

12 Commercial Fertilizer. Standard Chemical Ltd. "V. 103, No. 3, apd Dade 1961, p. 33. 

13 Northern Miner (Toronto). Tombill Hopeful Lining Up Markets Potash Tonnage. 
V. 47, No. 31, Oct. 26, 1961, p. 3. 

14 Commercial Fertilizer. Around the Map, Canada. V. 103, No. 8, September 1961, 

33 


P- Š Bureau of Mines. Mineral Trade Notes. V. 53, No. 6, December 1961, p. 39. 
1 Mining Journal (London). Mining Miscellany. V. 257, No. 6573, Apr. 11, 1961, 


. 143. 
á 17 Oil, Paint and Drug Reporter. Potash . No. 21. l. in India Seen Rising Sevenfold 
by 1965 to 200,000 Tons of Imports. V. 179, No. May 29, 1961, pp. 7, 58. 
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TABLE 11.—France: Exports of potash materials! by countries 


(Short tons) 
Destination 1960 Destination 1960 

North America: Europe—Continued 

Canada 21. 783 Switzerland 73. 902 

rr AAA 12, 603 United Kingdom SES 245, 832 

Martinique. 10, 975 ja: 

United States 147, 812 158, 783 Seon 33, 655 
South America: AAA 9, 277 

Te KN A 19, 988 46, 519 JADEN 225 cS (( 224, 635 

HERE Eeer ee 5, 191 2,205 Taiwan 11,023 

Colombla 4 6. 090 ca: 

Venezuela 6, 654 Aer 18. 798 
Europe: Morocco: Southern Zone.. 7,077 

Austria 39, 759 lI: Rhodesia and Nyasaland, 

Belgium-Luxembourg. ... 149, 346 Federation of. 11.678 

Denmark. 6 35, 612 E éiere 3. 858 

Finlànd.......—... sue, 9, 066 10. 830 Union of South Africa 19, 518 

Germany, West 4 18. 767 cean ia: 

TÓBCÓ. A 593 6. 366 Australia 23. 486 
W J 38, 928 New Zealand 24 25, 574 
UE 61, 762 || Other countries 04, 63, 648 
Net erlands............-. 141, 149 
Norway 16, 465 Tos. 1, 524, 728 | 1, 597, 668 
Sweden............ ER 51,110 


1 Figures include salts, carbonate, chloride and nitrate of potash. 
Compiled from Customs Returns of France by Bertha M. Duggan, Division of Foreign Activities. 


TABLE 19.—West Germany: Exports of potash materials’ by countries 
(Short tons) 


Destination Destination 


North America: Euro Continued 
Canada ee nited Kingdom. 
5 Asia: 
Malaya, Federation of. 


e 
S Mal 
4 Pakistan 


Austria i Philippines 
Belgium- Luxembourg 3 7 € Taiwan 
Denmark ica: 


Korea, Republic of 


o AA E 1 Union of South Africa 
Ireland. ii. . 64. 2 Oceania: 


B weden 


1 Data include crude salts, chloride, sulfate, magnesium sulfate, and beet ash. 
2 This table incorporates some revisions. 


Compiled from Customs Returns of West Germany by Bertha M Duggan, Divislonof Foreign Activit tes 


Israel. —Dead Sea Works, Ltd., at Sodom at the south end of the 
Dead Sea began the first stage of its $70 million expansion pro in 
January 1961, by awarding a contract to a Dutch firm for the detailed 
planning of additional evaporating pans, Completing the new 
will increase production capacity from 150,000 to about 1 million short 
tons annually.!* 


212 Bureau of Mines. Mineral Trade Notes. V. 52, No. 5, May 1961, p. 37. 
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Jordan.— Arab Potash Co., Ltd., awarded a contract to Western 
Knapp Engineering Co. for consultant engineering services in con- 
structing a 250,000-ton-per-year potash plant on the shore of the Dead 
Sea, where the company has a 100-year concession on 17,300 acres.!? 

Poland.—Development of a potassium salt industry in the area of 
Klodawa was planned as part of the current Polish 5-Year Plan ac- 
cording to Przeglad Techniczny. During the 5-Year Plan, the first 
shaft for potassium salt would be constructed, and production capacit 
would be 25,000 tons of potassium salts. After developing two addi- 
tional mines, the annual capacity would be 300,000 tons. 

Spain.—Sylvinite deposits of about 60 million tons containing 21 per- 
cent potassium were reported discovered near Pamplona. 


TABLE 13.—Spain: Exports of potash materials by countries 


(Short tons) 
Destination 1960 1961 Destination 1980 
North America: Euro Continued 

Canada „ EME etherlands.............. 22,267 

United States 59, 508 34, 021 NOCWEY AA 59, 471 
urope: Portugal... 8 14, 225 

Belglum-Luxembourg. ... 5, 732 32, 300 United Kingdom......... 

Denmark. 46. 196 12,762 | Asia: Japan................-- 46, 725 

Franeess & 10, O80 Other countries 1. 240 

Germany..........--..... 11,023 i... 

II! A 51, 613 21, 065 UTC A 409, 421 


Compiled from Customs Returns of Spain by Bertha M. Duggan, Division of Foreign Activities. 


TECHNOLOGY 


A paper on the geology of the Paradox basin of southwest Utah 
and southwest Colorado, which includes important potash deposits 
under development was published. 

A. $300,000 Goodman Potash Borer was installed and under study 
in the Carlsbad, N. Mex., potash mine of International Minerals & 
Chemical Corp. The machine was designed to eliminate drilling, 
undercutting, blasting, and loading operations in the normal mining 
procedure. It has two 6-foot revolving heads that bores two slightly 
overlapping holes in the ore. As the machine advances it leaves 
arched sides and a smooth back for greater strength in mine tunnels.?* 

A report on the mining methods used at the Montecatini Co. new 
and unique San Cataldo potash mine in Sicily was published.“ 


22 Bureau of Mines. Mineral Trade Notes. V. 53, No. 6, December 1961, p. 39. 
a 9 N {Unger the Klodawa Sky). Przeglad Techniczny (Warsaw), No. 
LU e e , e . . 
$ 75 ning Journal (London). Mining Miscellany. V. 256, No. 6561, May 19, 1961, 
p 


' 33 Hite, Robert J. Potash-Bearing Evaporite Cycles in the Salt Anticlines of the Para- 
dox Basin, Colorado and Utah. Geol. Survey Prof. Paper 424-D, 1961, pp. D-135-D-137. 
33 Mining Record. IMC's $2 Million a enon Program at Carlsbad Operation Set for 
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A research paper was published containing data concerning the 
selective removal of potassium from mixed salt solutions, using 
clinoptilolite by cation exchange techniques. The process may have 
future commercial value for the extraction and recovery of potash 
from mixed salt solutions.” 

Tests conducted by the U.S. Naval Research Laboratories were re- 
ported to indicate potassium bicarbonate to be twice as efficient as 
sodium bicarbonate for dry-powder fire extinguishers. The Navy 
adopted the new powder for use in conjunction with mechanical foam 
extinguishers especially for dealing with aircraft crash fires.** 

A new fast and cheap colorimetric semiquantitative method for 
analyzing water-soluble potassium in the presence of large amounts of 
sodium was reported.“ 

Several patents of interest were reported. A process was described 
for the separation of potassium and magnesium from material com- 
prised essentially of carnallite with sodium chloride as an impurity.” 
A method for beneficiating a slime-bearing potash-containing material 
was reported which induces previously treated particles to accept 
differential electric charges and then subjects the charged particles to 
an electrostatic field to recover a concentrate.?? A process was de- 
scribed for beneficiating sylvinite ore containing up to 12 percent 
by weight carnallite.? Another beneficiating process for the recovery 
of sylvite from potash ores by certain flotation techniques was 
reported.“ 


% Economie Geology. Scientific Communications, The Use of Clinoptilolite to Remove 
Potassium Selectively From Aqueous Solutions of Mixed Salts. V. 56, No. 6, Beptember- 
October 1901, Re. 1133-1136. 

æ% Chemical Trade Journal and Chemical Engineer (London). Fire Fighting Agents. 
V. 149, No. 3891, December 1961, p. 1419. 

7 Mining World. Potash Assaying. V. 23, No. 9, August 1961, p. 83. 

3» Rubin, Maurice (assigned to Société d'Etudes Chimiques pour l'Industrie et l'Agri- 
culture, Paris, France), (Separation of Potassium and/or Magnesium Ions From Double 
Salts Containing Potassium and Ma Mecher, French Pat. 2,977,186, Mar. 10, 1958. 

* Adams, Albert, and William B. Dancy dere mrs to International Minerals & Chemi- 
cal Corp, New York, N.Y.), Beneficlation of Potash Ores. U.S. Pat. 2,984,348, Aug. 


14, 1959. 
do Clark, Howard P., and Albert Adams (assigned to International Minerals & Chemi- 
cal Corp., New York, N.Y.). Potash Ore Treatment. U.S. Pat. 2,968,525, June 9, 1955. 
m Samsel, Gene L. (assigned to International Minerals & Chemical Corp., New York. 
N. T.). Method for Beneflciating Potash Materials. U.S. Pat. 2.997.171. June 2. 195s. 


Pumice 
By John W. Hartwell * and Victoria R. Schreck? 


A 


UMICE and pumiceous materials sold or used by United States 
producers in 1961 increased 11 percent in quantity and 22 percent 
in value over 1960. 


DOMESTIC PRODUCTION 


Pumice production was reported from 114 mines by 105 operators 
in 15 States. 

Total output was almost 2.5 million tons valued at $6.8 million. 
Arizona, with 10 mines and 30 percent of the production, was the 
leading State, followed by California, with 25 percent from 38 mines; 
New Mexico, with 14 percent from 17 mines; and Hawaii, with 13 
percent from 19 mines. 


TABLE 1.—Pumice sold or used by producers in the United States 
(T housand short tons and thousand dollars) 


Pumice and pumicite Volcanic cinder Total 
Year ARAS 8 
Quantity Value Quantity Value Quantity Value 
1952-56 (average) 792 $2, 478 1729 1 $874 , 521 $3, 352 
lr A m E once 1,055 3, 091 772 1. 537 827 4, 628 


1 Four-year average (1953-56). Volcanic cinder not reported separately before 1953. 
2 Revised figure. 


TABLE 2.—Pumice sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 


1960 1961 
State „TTT... 
Quantity Value Quantity Value 

ATIZO DECR ee Sec 703 $1, 164 745 $1, 893 
LEO EE 427 1, 895 610 2, 202 
ern ³ 32 70 44 50 
e . 361 676 324 626 
F EE 56 88 60 95 
Now AA AAA ZA 365 827 339 879 
VA A ee d d AN 60 131 60 95 
WYOMING sa a EE 8 33 30 20 20 
Other s ð 173 685 261 929 
Di! 8 2, 210 | b, 569 | 2, 463 6,799 


1 Includes Kansas, Nebrasku, Nevada, Oklahoma, Oregon, Texas, and Washington. 


1 Commodity specialist, Division of Minerals. 
3 Statistical clerk, Division of Minerals. 1025 
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CONSUMPTION AND USES 


Consumption and use of natural pumiceous material other than 
pumice or pumicite decreased about 5 percent. The largest uses of 
domestic pumice was for admixtures and aggregates (43 percent) 
and railroad ballast (25 percent). 


TABLE 3.—Pumice sold or used by producers in the United States, by uses 
(Thousand short tons and thousand dollars) 


1960 


Quantity Value Quantity Value 
Abrasive: Cleaning and scouring compounds 11 $678 13 $221 
Concrete admixture and concrete aggregate 929 2, 704 1,047 3, 518 
Raiffeisen. 824 858 603 563 
Road construct ion 1u—I—ꝛP w 271 538 558 1, 083 
Other uses AAA A mi. II A 3 175 3791 242 1, 414 


——M———— ͥ-t... 2, 468 


1 Includes surfacing, ice control, and maintenance. 

3 Includes abrasive uses (miscellaneous), absorbents, acoustic plaster, brick manufacture, filtration, 
insecticides, insulation, soil conditioners, and miscellaneous uses. 

3 Revised figure. 


PRICES 


Nominal price quotations covering domestic and imported prepared 
pumice were carried regularly in trade publications. The Oil, Paint 
and Drug Reporter quoted the following average prices per pound, 
bagged, in ton lots: Domestic, coarse to fine, $0.03625; imported, 
Italian, silk-screened, coarse, $0.0650, fine, $0.040. Imported, 
Italian, sun-dried, coarse pumice was quoted at $60 per ton. 

E&MJ Metal and Mineral Markets quoted nominal yearend priccs 
per pound, f.o.b. New York or Chicago, in barrels as follows: Pow- 
dered, 3 to 5 cents; lump, 6 to 8 cents. These quoted prices had 
not changed since 1952. 

The values per ton for pumice in various-use categories were: 
Cleaning and scouring compounds and other abrasive uses, $19.95; 
concrete admixtures and aggregate, $3.36; insulation, $9.39; railroad 
ballast, $0.93; road construction, $1.94; and other and unclassified 
uses, $3.69. 


FOREIGN TRADE 


Imports.—Pumice stone for use in the manufacture of concrete 
masonry products, such as building block, brick, and tile, was a new 
category in which pumice imports were classified by the U.S. Depart- 
ment of Commerce, Bureau of the Census, effective October 28, 1959. 
Under this classification, imports from Grecce and Italy were 24,652 
short tons in 1961, compared with 47,104 tons in 1960. Imported 
crude pumice, valued at less than $15 per ton, had an average value of 
$8.95 per short ton in 1961, compared with $8.40 in 1960; imported 
crude pumice valued at more than $15 per ton averaged $17.66, 


8 Figures on imports and exports compiled by Mae B. Price and Elste D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.8. Department of Commerce, Bureau of the Census. 
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THOUSAND SHORT TONS 
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Fraure 1.—Trends in"pumice by uses, 1940-61. 


compared with $15.38 in 1960; and wholly or partly manufactured 
pumice averaged $28.48, compared with $26.29 in 1960. 

Exports.—Pumice exports were grouped with other mineral com- 
modities and were not available separately. 

Tariff. Duty per pound on imported. pumice was the same as in 
1960: Crude valued at $15 a ton and under, 0.045 cent; crude valued 
over $15 a ton, 0.12 cent; and wholly or partially manufactured, 
0.45 cent. 


WORLD REVIEW 


West Germany, which produced nearly 6 million tons, was the 
leading producing country, followed by Italy and the United States. 

Iceland.—Pumice from a deposit near Hafnarfjordur was being 
tested by a West German firm to determine if large-scale extraction 
and export of pumice would be profitable.‘ 


4U.8. Embassy, Reykjavik, Iceland. State Department Dispatch 141. Feb. 6, 1962, p. 16. 
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FiaurE 2.—Total value, quantity, and price per ton of pumice, 1940-61. 
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West Indies —The Antillian Aggregate Corporation, Curacao, 
Netherlands Antilles, was granted a 10-year option to exploit a 
pumice deposit at St. Eustatius in the Windward Islands. 

The pumice deposit was estimated to contain 400 to 500 million 
tons. Plans were made to mine 300,000 tons a year, and after 
beneficiation, it was intended to export material to Florida and 
Puerto Rico for use chiefly as a lightweight aggregate and admixture 
for concrete.’ 


TABLE 5.—World production of pumice by countries !-? 


(Short tons) 
Country ! 1957 1958 1959 1960 1961 
Argentina 8... "es 20. 278 22. 307 19, 842 § 20. 000 § 20, 000 
Austria: Trass ................ eau 88, 875 29, 784 34, 885 38, 581 40. 848 
Canary Islands ` 899 4 1. 836 1. 614 5 1,630 
cape erde Islands: Pozzolan . 10, 033 4, 043 3 4, 400 
rance: 
Fine, ⁵ĩ»W 884? 8. 781 7. 051 2. 064 6,071 * 5 000 
Pozzolan ....................- 468, 228 896. 975 482. 683 518. 086 3 520.000 
9 West (marketable) 3, 261, 735 | 3,255,121 | 4,039,966 | 4,742,138 | 5,897,359 
reece: 
o A 61, 242 49, 614 71. 650 $ 82. 000 $ 88. 000 
Santorin earth...............- 87, 634 , 428 93. 698 § 110. 000 3 198. 000 
. 18, 102 è 11, 000 8 10, 000 8 9, 000 $ 9, 000 
Pumice CC 221, 900 145, 413 258, 254 300 
Pumicite.............-.....-. 87. 302 137, 146. 717 124. 671 |282, 970, 000 
Pozzolan...................... 2, 897, 620 | 2, 992. 880 | 3,055,978 | 3, 404, 
Ce EE o 120, 000 ( (5) Q9 
42, MENO MM NT, 2. 319 821 2, 515 2, 711 779 
New Zealand.................-.-. 16, 991 25, 851 31, 803 49, è 50. 000 
United Arab Republic (Exypt)..- 1, 836 1, 185 2, 766 3, 4, 335 
antes nes (sold or used by 
ucers): 
pr Pumice and pumleite 1, 054, 594 925. 026 783, 873 601, 315 936, 039 
Volcanic elnder 772.384 | 1,047,930 | 1.492, 247 | 1,600.050 | 1, 526, 546 


— | SS | Ns | SOE ———— 


World total (estimate) !.3..| 6, 8 10. 000 | 9, 100, 000 | 9,300,000 | 10, 700, 000 | 11, 900. 000 | 13, 400, 000 


1 Pumice is also produced in Mexica and U.S.8.R., but data on production are not available; no estimates 
are included in total, but it is believed that U.S.S.R. produces a sizable Preta de 

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
whore estimated figures are included in the detall. 

3 Includes volcanic ash and cinders, and pozzolan. 

4 Average annual production, 1955-56. 

3 Estimate. 

* Average annual production, 1954-56. 

Data not available; estimate included tn total. 

$ One year only, as 1956 was first year of commercial uction. 

* Average annual production, 1953-56. Volcanic cinder was not reported before 1958. 


Compiled by Helen L. Hunt, Division of Foreign Activities. 


TECHNOLOGY 


Volcanic cinder deposits 20 miles east of Baker and 8 miles south 
of Valley Wells Station, San Bernardino County, Calif., were described. 
Processed cinder from the deposits was used as a lightweight concrete 
aggregate in Las Vegas, Nev. It sold for $2 to $6.50 per ton f.o.b. 
mine. 

Pumicite beds in southeastern California, deposited during the 
Pleistocene age as volcanic ash, were described.? 


, is U.8. Embassy, Curacao, Netherlands Antilles. State Department Dispatch 120. Nov. 21, 1961, pp. 


6 Evans, James R. Volcanic Cinders Near Baker. Miner. Inf. Service, California Division of Mines, 
v. 14, No. 9, September 1961, pp. 10-11. 

? Blanc, Robert P., and George B. Cleveland. Pleistocene Lakes of Southeastern California—II. Miner. 
I^! Si rvice, California Division of Mines, v. 14, No, 5, May 1961, pp. 6-6. 
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The Geological Survey of Fiji reported on two large deposits of 
umice, their potential for development, and possible industrial uses 
or the material. The report summarized the work done by the Sur- 

vey and listed some of the more recent literature concerning pumice. 
Tests were made and results given on the suitability of the pumice 
for lightweight concrete. Use of the pumice for construction, road- 
making, agriculture, and other applications was discussed. Advan- 
tages of pumice products were given. It was suggested that the 
pumice could be quarried for local use and possibly for export. 

Pumice mined at Keshegy Hill in the Matra Mountains of northern 
Hungary for hundreds of years was described. It is composed of 
a porous glassy groundmass containing embedded porphyritic and 
microlitic crystals. The rock is light gray, has a silky luster, and 
a e gravity of 1.9.? 

at& on the uses of various types of volcanic glasses, including 
scoria, pumice, pumicite, tuffs, trass, and volcanic ash, in lime silicate 
plants were given. The processing requirements involved in their 
use also were described.“ 

A method of producing a low-cost structural clay block, using 
pumice and other lightweight aggregates, was patented.! A material, 
consisting of water and oil emulsion and fincly divided pumice filler 
or other inorganic material, was developed for coating concrete blocks." 
Another coating material, with water-repellent composition contain- 
ing pumice or other fillers, also was patented.” 

Canadian patents on uses of pumice were issued for & method of 
E abrasive pellets for use in tumble polishing materials,“ and 
for a method of producing lightweight building units.“ 


$ Rickard, M. J. The Possibility of a Pumice Products Industry in Fiji. Geol. Survey Department, 
Suva, Fiji, G.8. Rept. No. 70, July 1961, 24 pp. 

* Otvos, Ervin G., Jr. Pumice and Perlite in a Rhyolite Complex in Hungary. Econ. Geol., v. 50, 
No. 6, September-October 1961, pp. 1112-1122. 

1* Bauer, Wolf G. The Lime-Silicate Plant, Part IV—Utilization of the Glassy Silicates. Pit and 
Quarry, v. 53, No. 9, March 1961, pp. 122, 125, 127, 129-131. 

j u Burnett, W. H. Building Units and Methods of Producing the Same. U.S. Pat. 2,970,061-1, 
an. 31, 1961. 

12 Heijmer, G. B. Coating Compounds. U.S. Pat. 3,002,853, Oct. 3, 1961. 

13 Liberthson, L., and H. Lipkind (assigned to Sonneborn Chemical & Refining Corp. of Canada, New 
York, N. V.). Water-Repellent Masonry Coating Composition Containing Filler Coated With an Organo- 
polysiloxane and Masonry Coated Therewith. U.S, Pat. 3,006,875, Oct. 31, 1961. 

M Smith-Gorman, R. J. (assigned to Rolls-Royce Ltd.). Canadian Pat. 612.269. Jan. 10, 1961. 

u Conrnu, F. L. Canadian Pat. 614,759. Feb. 21. 1961. 


Quartz Crystal (Electronic Grade) 


By James D. Cooper? and Gertrude E. Tucker ? 


A 


ONSUMPTION of electronic-grade quartz crystal in the United 
C States decreased 6 percent from 1960; however, total production 
of finished crystal units was 13 percent greater. The increase was 
attributed to more efficient cutting methods, production of more mini- 
aturized units, and increased use of manufactured quartz crystal, 
which contains more usable material than the natural crystal. 


TABLE 1.—Salient electronic- and optical-grade quartz crystal statistics 


(aver- 1957 1958 1959 1960 1961 
age) 
Imports of electronic- and optical-grade quartz 
crystal (estimated) 1 thousand pounds.. 802 432 274 2 367 2 676 854 
AA A 8 thousands..| $1,844 $652 $341 | 2$638 | 2 $504 $702 


Value 
Consumption of raw electronic-grade quartz crys- 
EE thousand pounds.. 272 182 158 210 230 216 
Production, piezoelectric units, number, thousands. 5, 401 | 15,787 | 45, 510 | 46,820 | 48 712 | 49, 822 


1 Imports for 1953-61 are Brazilian pebble valued at 35 cents or more per pound. 

1 Excludes quartz crystal imported from Brazil and accepted under Government agricultural barter 
contracts. 

3 For 1954 and subsequent years, data include some reworked scrap quartz crystal, 

4 Includes finished crystal units produced from reprocessed blanks, from raw quartz previously reported 
as consumption, and from imported blanks, 


DOMESTIC PRODUCTION 


There was no reported production of natural electronic-grade quartz 
crystal in the United States in 1961. At the end of the year three com- 
panies were producing manufactured quartz crystal in commercial 
quantity. Sawyer Research Products, Inc., Eastlake, Ohio, marketed 
over 6,500 pounds of manufactured quartz crystal, mostly to cutters in 
the United States. Western Electric Co., North Andover, Mass., pro- 
duced manufactured crystal for use by Western Electric and affiliated 
companies. The third company, Transcom Electronics, Inc., Middle- 
town, R.I., started commercial production in December, but reported 
no sales for the year. 

Total production capacity for manufactured m crystal was esti- 
mated to be about 41,000 pounds per year as of December 1961. 


1 Commodity specialist, Division of Minerals. 
2 Statistical assistant, Division of Minerals. 
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CONSUMPTION 


Consumption of raw quartz crystal for producing piezoelectric units 
was 216,000 pounds, 14,000 pounds or 6 percent less than was used in 
1960. Consumption in 1961 of 7,100 pounds of domestically produced 
manufactured quartz crystal was more than double the 1960 consump- 
tion. About 9,365,000 finished crystal units were produced from raw 
quartz crystal consumed in 1961, and an additional 457,000 units were 
obtained from blanks carried over from prior years and from imported 
blanks. The yield per pound of raw quartz crystal consumed was 43.4 
finished crystal units compared with 36.5 units in 1960. The yield 
from manufactured quartz crystal was reported to be from 2 to 10 
times the yield from natural quartz. 

A total of 42 quartz-crystal cutters, representing 40 companies in 17 
States, reported to the Bureau of Mines in 1961. Thirty-nine of the 
consumers produced piezoelectric units, and three produced semi- 
finished blanks only. About 90 percent of the raw quartz crystal used 
was reported by 30 consumers in 8 States. Pennsylvania, with 35 per- 
cent of the consumption, was the leading State, followed by Illinois, 
Missouri, Kansas, and Massachusetts. 

In 1961, piezoelectric units were reported by 52 producers (50 com- 
panies) in 22 States. Of the 52 producers, 13 did not consume raw 
quartz crystal but manufactured finished crystal units from partly 
processed blanks. Almost 90 percent of the total production was re- 
pore for 26 plants in 10 States. Pennsylvania, Kansas, Missouri, 

llinois, and Massachusetts produced the largest individual quantities 
of finished crystal units. Oscillator plates comprised 89 percent of the 
total production of piezoelectric units. The remaining 11 percent con- 
sisted of filter plates, telephone resonator plates, transducer crystals, 
and miscellaneous items. 


STOCKS 


Domestic consumers, importers, and dealers reported stocks of im- 
ported and manufactured quartz crystal totaling 395,000 pounds at the 
end of 1961. 

Government stocks of electronic-grade quartz crystal as of Decem- 
ber 31, 1961, totaled 5,044,000 pounds, of which 4,812,000 pounds was 
in the national (strategic) stockpile, and 232,000 pounds in the Com- 
modity Credit Corporation and supplemental stockpiles. Excess Gov- 
ernment stocks amounted to 4,394,000 pounds, 676 percent above the 
maximum stockpile objective of 650,000 pounds. 


PRICES 


Prices for natural electronic-grade quartz crystal sold to domestic 
consumers remained unchanged from the preceding year except for the 
smaller sizes, for which prices were somewhat lower. Approximate 
prices for the various weight classes were as follows: 
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Weight class (grams) : Price per pound 
e ß es Sth eae $2. 00 to $8. 50 
201-300 AAA ð 4. 00 to 12. 50 
301-300 em Cp 8. 00 to 14. 00 
CAN Ett AAA A A 12. 00 to 20. 00 
TUISLOUD a EE 18. 00 to 24. 00 
e ß . ß 24. 00 to 35. 00 


Prices for manufactured quartz crystal sold by Sawyer Research 
Products, Inc., ranged from $27.50 to $35 per pound, depending on 
quantity commitments, unchanged from the preceding year, 

Prices for lasca, used for manufacturing clear fused quartz and as 
the feed material for manufactured quartz crystal, were about $0.50 
per pound for first quality material; small lots sold for as much as $1 
per pound. Second quality lasca was priced at about $0.25 per pound. 


FOREIGN TRADE?” 


Imports of electronic- and optical-grade quartz crystal valued at 
more than 35 cents per pound were 26 percent higher than in 1960, ex- 
clusive of material obtained by barter of agricultural products (1960). 
Total declared value was up 51 percent. Brazil, the major supplier, 
furnished 849,700 pounds, mich was over 99 percent of the total. The 
remaining 4,500 pounds came from Japan and Peru. 

Imports of quartz crystal valued at less than 35 cents per pound 
totaled 319,385 pounds, valued at $36,562, a decrease of 28 percent in 

uantity and 37 percent in value from 1960. This material, known as 
asca, was used principally for manufacturing fused quartz and as the 
feed material in producing manufactured quartz crystal. 

Exports of raw quartz crystal were up sharply. The value of ex- 
ports was $518,384 compared with $353,869 in 1960, an increase of 46 

ercent. Principal countries of destination were Japan, Canada, 

nited Kingdom, and West Germany. Data on the quantity of quartz 
crystal exported are not available. Reex orts were valued at $75,850, 
compared with $26,634 in 1960. Canada, United Kingdom, and Japan 
were the principal countries of destination. 


WORLD REVIEW 


Brazil.—Exports of electronic- and fusing-grade quartz crystal in 
1961 totaled 4,640,680 pounds, valued at approximately US 
$1,315,000, * an increase of 29 percent in quantity and 27 percent in 
value over 1960. No breakdown was available by grade, but a substan- 
tial quantity of the material consisted of lasca, which is used primarily 
for manufacturing fused quartz and as the feed material in producing 
manufactured quartz crystal. 

Malagasy Republic.—Exports of electronic-grade quartz crystal in 
1961 totaled 10,360 pounds valued at US$45,456. Production of elec- 
tronic-grade quartz crystal in 1960 was 5,071 pounds valued at 
US$28,493. Production data for 1961 were not available. 


8 Figures on Imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of pes, from records of the U.S. Department of 
Commerce, Bureau of the Census. 

a we GE Rio de Janeiro, Brazil, State Department Dispatch 850, Apr. 80, 1961, 
encl. 1, p. 6. 
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Exports of ornamental quartz crystal in 1961 totaled 26,450 pounds, 
valued at US$25,562; and exports of fusing-grade quartz crystal were 
4,850 pounds, valued at US$835.5 

Peru.—A small quantity of electronic-grade quartz crystal was im- 
ported from Peru in 1961; however, no data on production from that 
country were available. 


TECHNOLOGY 


Studies were made of various possible methods for improving the 
quality of manufactured quartz crystal. Variables which appeared to 
have promise were temperature differential, composition of solution, 
type of feed, type of tank lining, and tank baffles.* 

lectronic quartz crystal resonators, which can operate at tempera- 
tures up to 550? C. and in gamma-ray environments, were made by 
electrolyzing the raw quartz with 500 volts per centimeter at 500° C. 
for approximately 24 hours. This treatment makes it practicable to 
cut the crystals at higher orientation angles." 

Experimental ultraminiature tal one-tenth inch in diameter 
and smaller were produced, which operate in the 10 to 100 megacycle 
range and exceed requirements for Q-factor of 10,000.“ 

A new process for making fused quartz from domestic raw material 
was announced. Previously only imported quartz crystal (lasca) was 
available in sufficient quantity to meet requirements for high-quality 
fused quartz.“ The new product is reportedly much lower in alumina, 
lithium, and boron than that made from imported quartz crystal. 


iUe E ere, Republic of Malagasy, State Department Dispatch 163, 
pr. a 62, p. 3. = 
* Hale, D. R., and E. A. Carlson. Study of Methods for Improving Quality of Synthetie 
uartz. Clevite Corp., Cleveland, Ohio, Quart. Rept. No. 2, Jan. 16-Apr. 15, 1961, 23 pp.: 
SS. Govt. Res. Rept., Off. Tech. Services, U.S. Dept. Commerce, v. 36, No. 2, July 20, 
1961, p. 117; Quart. Rept. No. 3, Apr. 16-July 15, 1961, 16 pp.; U.S. Govt. Res. Rept., Off. 
Tech. Services, U.S. Dept. Commerce, v. 36, No. 10, Nov. 20, 1981, pp. 33-34. 
7 Chemical & Engineering News. Electrolysis Aids Quartz Resonators. V. 89, No. 49, 
Dec. 4, 1961, p. 49. Chemical Week. Quartz for Hot Jobs. V. 89, No. 23, Dec. 9, 1961, 


p. 99. 

Deininger, J. G., and R. E. Bennet. Ultraminiature Quartz Crystal Units. Union 
Thermoelectric Corp., Chicago, Ill. Quart. dr ds SED o. 3, Dec. 15, 1960-Mar. 14, 
1 pp i DE ovt. Res. Rept, Off. Tech. Services, U.S. Dept. Commerce, v. 36, No. 1, 

uly 9. 01. p. 32. 

Stringe, Jack W. Ultraminiature Quartz Crystal Units. Union Thermoelectric Corp., 
Chicago. in., uart. Progress Rept. No. 4, Mar. 15-June 14, 1961, 16 pp.: U.S. Govt. Res. 
Rept., Off Tech. Services, U.S. Dept. Commerce, v. 36, No. 8, Oct. 20, 1961, p. 27. 

* Wall Street Journal. GB Says It Developed Purer Fused Quartz From Materia] in 
U.S. Oct. 25, 1961, p. 7. 


Rare-Earth Minerals and Metals 


By John G. Parker? and Ethel M. Tucker * 


OMESTIC mine shipments of rare-earth minerals in 1961 totaled 

D about two and one half times those for the preceding year. 

Monazite concentrate purchased by RR companies from 

the Union of South Africa, Australia, and Malaya supplemented the 

domestic raw materials. 

The Office of Minerals Exploration (OME) contributed financial 

aid up to 50 percent of the allowable costs of exploration for monazite 
and other rare-earth minerals. 


DOMESTIC PRODUCTION 


Concentrate.—In 1961 bastnaesite concentrate was produced by 
Molybdenum Corporation of America at its mine and processing 
facilities at Mountain Pass, Calif. Large shipments of monazite 
concentrate from beach sand were made by Titanium Alloy Manufac- 
turing Division, National Lead Co., Duval County, Fla. | 

Metals and Compounds.—Rare-earth concentrates were processed, and 
separated metals and compounds were produced and refined by 
American Potash & Chemical Corp., West Chicago, Ill.; American 
Scandium Corp., Cincinnati, Ohio; W. R. Grace and Co., Davison 
Chemical Division, Pompton Plains, N.J.; Kleber Laboratories, Inc., 
Burbank, Calif.; Lunex Co, Pleasant Valley, lowa; Michigan Chemi- 
cal Corp., St. Louis, Mich.; Molybdenum Corporation of America, 
Pittsburgh, Pa.; Research Chemicals Division, Nuclear Corporation 
2 America, Phoenix, Ariz.; and Vitro Chemical Co., Chattanooga, 

enn. 

Cerium metal, misch metal, ferrocerium, and other rare-earth- 
bearing alloys were produced by American Metallurgical Products 
Co., Pittsburgh, Pa.; Castalloy, Inc., Natick, Mass.; The Dow Chemi- 
cal Co., Midland, Mich.; Mallinckrodt Chemical Works, St. Louis, 
Mo.; Ronson Metals Corp., Newark, N.J.; and Union Carbide Metals 
Co., New York, N.Y. 

Kleber Laboratories, Inc., a new company, produced high-purity 
rare-earth compounds and metals. Research Chemicals Division of 
Nuclear Corporation of America moved to the Phoenix, Ariz., plant 
formerly occupied by U.S. Semiconductor Products, Inc., whose assets 
it had acquired. Ronson Metals Corp. expanded and modernized 
its plant to allow a 30-percent increase in misch-metal production 


1Commodity specialist, Division of Minerals, 
3 Statistical clerk, Division of Minerals. 
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capacity and actively pursued research and development on rare-earth 
metal and alloy products in a new electronics and metallurgical lab- 
oratory. Dresser Products, Inc., Great Barrington, Mass., fabricated 
rare-earth compounds, cermets, metals, and alloys into finished shapes 
and forms from high-purity materials supplied by Michigan Chemical 
Corp. The latter concern also arranged a cooperative agreement with 
Haveg Industries, Inc., Wilmington, Del., to develop and manufacture 
lightweight shielding as protection against fast and thermal neutrons 
and against gamma radiation. Davison Chemical was to produce and 
sell rare-earth oxide polishing materials to the glass industry under 
the terms of a long-term contract signed with Molybdenum Corpora- 
tion of America, which would supply the rare-earth concentrates. In 
a similar marketing venture, United States Borax & Chemical Corp. 
was to sell rare-earth products manufactured by Vitro Chemical Co. 
to the glass and ceramic industries. 


CONSUMPTION AND USES 


Apparent consumption of rare-earth elements again increased about 
20 percent over that of 1960, to approximately 2,150 short tons of 
rare-earth oxides. 

Commercial grade rare-earth compounds were available from the 
large processors of rare-earth concentrates. High-purity materials 
could be purchased from these concerns and from smaller refining 
sa M 

e biggest potential uses for rare-earth materials seemed to lie in 
extended application in glass polishing and in steel und Cerium 
dioxide was used at ophthalmic plants because it has long life, is easily 
removed from unpolished lens edges, is freely dispersed on polishing 
pads, and can be recirculated in the process.“ A new low-priced high- 
speed cerium oxide polish gave promise of increasing the use of such 
material in the plate glass industry.* 

Cerium added to steel and cast iron as misch metal or as rare-earth 
exides was said to improve fluidity, reduce grain growth usually oc- 
curring at high temperatures in high-chromium steels, and suppress 
deleterious elements and promote graphite in nodulization, thereby 
creating ductility in cast iron.5 

Some nuclear reactors used rare-earth elements with extremely high 
thermal neutron cross sections and relative radiation damage im- 
munity as absorbers in control rods. Costs of such materials were 
discussed as a function of metallurgical composition and reactor 
endurance.* 

Large quantities of rare-earth oxides and fluorides continued to be 
consumed in the manufacture of arc-light carbons. Garnet and other 
crystals, doped with rare-earth materials as activators, were used in 
laser and other microwave applications. 


8 Glass Industry. Grinding and Polishing Lenses for Eyeglasses. "V. 42, No, 12, Decem- 
ber 1961. pp. 683-685. 711. 

* American Metal Market, v. 68. No. 173, Sept. 8, 1961, p. 14. 

8 London & Scandinavian Metallurgical Co., Ltd. Cerium. Ch. in Constituent Elements 
in Steel and Cast Iron. Sheffield, England. 1961, pp. 16-17. 

* Anderson, W. K., C. J. Beck, and J. S. Thellacker. Control Rod Economics. Nuclear 
Scl. and Eng., v. 9, January 1061, pp. 1-15; Nuclear Sci. Abs., v. 15, No. 8, Apr. 80, 1961, 
pp. 1330-1331. 
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STOCKS 


Monazite concentrate stocks, which had reached their lowest point 
in several years, were replenished in 1961 by the importation of a 
substantial quantity of the material. Stocks of intermediate material, 
such as rare-earth sodium sulfate, appeared adequate for several years 
at the 1961 rate of consumption. As of December 31, 1961, Govern- 
ment inventories of rare earths and undisclosed materials, including 
national (strategic) and supplemental stockpiles, totaled 14,473 short 
tons. 


PRICES 


Since the end of 1955, monazite prices quoted nominally by E&MJ 
Metal and Mineral Market had remained essentially the same. In 
1961, imported monazite concentrates, per pound, c.i.f. U.S. ports, 
were quoted as follows: Massive, 55 percent total rare-earth oxides 
including thoria, 14 cents; and sand, 55-percent grade, 10 to 15 cents, 
66-percent grade, 18 cents, and 68-percent grade, 20 cents. Large- 
Eu transactions for purchase of imported and domestic monazite 
were concluded at prices well below those quoted. The price for 
domestic bastnaesite was not available. 

Prices for misch metal, depending upon variety and quantity, were 
cut 10 cents per pound by a major producer early in the year. Quoted 
prices on small lots of 99.9-percent-pure rare-earth metals, published 
periodically in American Metal Market, had remained unchanged for 
several years. Lunex Co., Research Chemicals, Kleber Laboratories 
and Semi-Elements, Inc., Saxonburg, Pa., quoted prices on poun 
lots of high-purity rare-earth metals, and stated that prices on larger 

uantities were available upon request. Davison Chemical, Kleber 
aboratories, and Semi-Elements, Inc., quoted prices on purified rare- 
earth oxides and salts. | 


FOREIGN TRADE 


Imports.—A total of 66 pounds of cerium metal valued at $937 was 
imported (2 pounds from the United Kingdom and 64 pounds from 
West Germany). Cerium alloy, including ferrocerium, came from 
Austria, France, Japan, the United Kingdom and West Germany, 
and totaled 22,955 pounds, valued at $63,910. Austria supplied about 
10 percent of the total. Monazite concentrate and other onan ores, 
imported from Australia, Canada, Federation of Malaya, and the 
Union of South Africa, totaled 2,902 short tons, valued at $415,381. 
The Union of South Africa supplied 72 percent of this quantity. 

Exports.—Of the 6,563 pounds of cerium ores, metal, and alloys ex- 
ported, 63 percent went to the United Kingdom, 23 percent to Canada, 
and about 14 percent to France, Mexico, and West Germany. These 
exports were valued at $29,839. Ferrocerium (lighter flints) exported 
in 1961 totaled 20,338 pounds and was valued at $89,362; nearly half 
was sent to the United Kingdom. 


7 Figures on imports and exports comp!led by Mae B. Price and Elste D. Jackson, Divi- 
elon of Foreign Activities, Bureau of Mines, from records of tbe U.S. Department of 
Commerce, Bureau of the Census. 
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WORLD REVIEW 


Argentina.— Discovery of over 30 million tons of mineral-bearing 
sands containing approximately 4 percent monazite was reported in 
Cordoba Province.® 

Australia. Preliminary statistics for 1961 revealed that Australia 
produced 1,998 short tons of monazite concentrate.“ This was ob- 
tained chiefly as a byproduct from ilmenite operations in Western 
Australia; the remainder came from rutile mining along the east 
coast. Exports of monazite concentrate for the first half of 1961 
totaled 1,674 tons and went mainly to the United States, France, the 
United Kingdom, and Japan.“ 

Brazil.—Monazite production was estimated at 926 short tons of 60- 
5 concentrate according to reports from the Ministry of 

inance.! 

Ceylon.—Mineral production statistics released by the government 
of Ceylon showed that 239 short tons of monazite were produced 
during 1961." 

India.— British interests of the Trivandrum Titanium Works were 

uested, by the Kerala Government, to study the possibility of estab- 
lishing plants in the ilmenite and monazite production centers." 
The developmental history of the beach sand industry in South India 
was presented.“ 

Ivory Coast.—The Development and Resources Corporation recom- 
mended a 3-year (1961 to 1963) mineral exploration program, 
including search for rare-earth elements.“ 

Japan.—Improved techniques for separating rare-earth elements 
enabled Japan to increase production of cerium fluoride and cerium 
and other rare-earth oxides. Fluorides were used almost exclusively 
in the manufacture of arc carbons; the oxides were used principally 
in polishing compounds. Misch metal was produced for use in lighter 
flints and as an additive to steel.** 

Pure cerium oxide was produced using the ethylenediaminetetra- 
acetic acid-copper method in new ion-exchange equipment. By 
purifying 2.2 kg of cerium oxide of 79-percent purity, 1.37 kg of 
pure cerium oxide was obtained." 

Korea, Republio of.—The Ministry of Commerce and Industry re- 
ported production of 28 short tons of monazite in 1961.1* 


9 Engineering and Mining Journal, v. 163, No. 1, January 1902, p. 112. 

U.S. Panig Canberra, Australia. State Department Dispatch 543, May 2 1962, p. 3. 

1? Bureau of Mineral Resources, Geology and Geophysics. The Australian Mineral Indus- 
try. Part 1—Quarterly Review. V. 14, No. 2, December 1961, 2 41. 

Sek Embassy, Rio de Janeiro, Brazil. State Department Dispatch 850, Apr. 30, 1962, 
p. 4. 

30.8. Embassy, Colombo, Ceylon. State Department Disptnch 584, Apr. 17, 1962, p. 1. 

133 Mining Journal (London), v. 257, No. 6588, Nov. 24, 1961, p. 547. 

1 Viswanathan, P. The Beach Sands Industry in South India: A Fifty-Year Review. 
Science and Culture, v. 27, January 1961. pp. 16-21. 

15 Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1981, pp. 62-64. 

1* Japan Association of Metals for Atomic Energy. Current Situation of Newer Metals 
in Japan in 1961. Tokyo, Japan, pp. 17-20. 

17 Nishigori, Kenjiro, Tovoji Ishivama, and Tadashi Kuroda. (Study of Industrial Ton 
Exchange Separation of Rare Earth Elements by EDTA Copper Method. 8. Manufacture 
of Ion Exchange Equipment.) Denki Shikensho Ihe, Mar. 25, 1961, pp. 327-336; Nuclear 
Scl. Abs., v. 15. No. 21. Nov. 15, 1981, p. 3572. 

14 U.S. Embassy, Seoul, Korea. State Department Dispatch 413, Apr. 27, 1962, p. 2. 
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Malagasy Republic.—Exports of monazite in 1961 were 481 short 
tons valued at US$111,183. In addition, slightly over 1 ton of bast- 
naesite valued at approximately US$400 was exported.!? 

Malaya, Federation of. —Exports of monazite reached 780 short tons, 
priced at approximately US$78 a ton. 

Mozambique.—A small quantity of monazite was produced.” 

Nigeria.—The Federal Ministry of Mines and Power reported that 
8 short tons of monazite was produced during 1961. The output was 
valued at £527 (US$1,486) .*? 


TECHNOLOGY 


Results of rare-earth metals research were reported by the U.S. 
Atomic Energy Commission (AEC). Magnetic properties and in- 
ternal structures of certain rare-earth isotopes were studied at the 
Lawrence Radiation Laboratory by orienting nuclei in fixed positions 
at temperatures near absolute zero and measuring unidirectionally 
emitted gamma rays. Studies of rare-earth alloys verified the co- 
existence of superconductivity and ferromagnetism at cryogenic tem- 
peratures. At the Argonne National Laboratory, solubilities of the 
rare-earth metals in liquid cadmium were measured. These showed 
that new and significant regularities in solid intermetallic compounds, 
existing in equilibrium with saturated solutions, would aid in develop- 
ing lower cost pyrometallurgical processes. Phase equilibrium in- 
vestigations on molten systems containing rare-earth fluorides at Oak 
Ridge National Laboratory showed regularities of their properties 
which are correlatable with cation size. These studies and known iso- 
structural relationships permitted predictions about binary systems 
not yet studied. 

At the Second Rare-Earth Conference at Glenwood Springs, Colo., 
results of research on chemical, mechanical, metallurgical, and physi- 
cal properties of rare-earth metals, alloys, and compounds were pre- 
sented. Materials such as rare-earth hydrides, chalcogenides, oxides 
borides, and borates, techniques using liquid-liquid extraction, and 
distillation and fabrication of rare-earth metals were discussed. 

An industry-sponsored research project on utilization of individual 
rare-earth elements of the light subgroup was started at Pennsylvania 
State University. 

A new mineral discovered in Kazakstan, U.S.S.R., was named 
gagarinite, in honor of the first man to orbit the earth. Found in 
albitized granite, gagarinite contains yttrium and rare-earth 
elements. 


10 995 m Tananarive, Malagasy Republic. State Department Dispatch 163, Apr. 
U 9 D. e 
1 Kik Embassy, Kuala Lumpur, Federation of Malaya. State Department Dispatch 321, 
ar. 16, ' . 
m S: Consulate General, Lourenco Marques, Mozambique. State Department Dispatch 
, E, 9, , . D 
SUR Embassy Lagos, Nigeria. State Department Dispatch 288, Mar. 22, 1962, p. 1. 
2 U.S. Atomic Energy Commission. Atomic Energy Research 1961. Spec. rept., Decem- 
ber 1961, pp. 147, 155, 156, 158, 181. 
2 American Metal Market, v. 68, No. 202, Oct. 20, 1961, p. 14. 
Stepanov, A. V., and E. A. Severov. (Gagarinite—A New Rare-Earth Mineral.) 
Doklady Akad. Nauk 8.S.S.R., v. 141, No. 4, 1961, pp. 954-957. 
Chemical Abstracts, v. 56, No. 12, June 11, 1962, col. 13835d. 
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The Bureau of Mines continued research on rare-earth elements. 
Thirteen reports were published giving results of thermochemical and 
solubility investigations; phase ae and inversion studies; ex- 
tractive, separatory, and analytical techniques; reduction, electro- 
winning, and electrorefining of rare-earth metals; and the effect of 
rare-earth additives in steel.“ 

In the separation of rare-earth elements from Indian monazite, ceria 
of over 99 percent purity was continuously separated from mixed 
rare-earth chlorides.” 

Chlorination of unground Egyptian monazite sand concentrate at 
900° C in a horizontal tube furnace indicated that optimum recovery 
of rare-earth elements and thorium was obtained from a moderate 
concentrate of about 90 percent purity.” 

An exclusive foaming process used on a semiindustrial scale was 
said to facilitate recovery of rare-earth metals, among others, from 
solutions. No solids are involved, and selective foaming agents prob- 
ably are available for many desired solutes.?? Russian scientists re- 
ported on the separation of rare-earth metals by selective precipitation 
of their insoluble compounds from fused ammonium nitrate.*® Sepa- 
ration of actinides from rare-earth elements was facilitated by a rapid 
liquid-liquid extraction procedure. A solution of triiso-octylamine- 
xylene was used to remove the actinides from a hydrochloric acid- 
lithium chloride solution. Water immiscible extractants were used to 
remove rare-earth elements from water-swollen ion-exchange resins.” 


2 Broadhead, Kenneth G., and Howard H. Heady. Radiochemical Precipitation Studies 
of Rare-Earth Oxalates. BuMines Rept. of Inv. 5783, 1961, 8 pp: 

Campbell, T. T. F. E. Block, R. E. Mussler, and G. B. Robidart. Preparation and 
Metallic Reduction of Rare-Earth Halides and Oxides. BuMines Rept. of Inv. 6880, 1961, 


9 pp. 

Copeland, M. I., C. E. Armantrout, and H. Kato. Zirconium-Gadolintum Equilibrium 
Diagram. BuMines Rept. of Inv. 5850, 1961, 13 pp. 

Croenl. J. G., S. C. Rhoads, C. E. Armantrout, and H. Kato. Titanlum-Gadolinlum 
Phase Diagram. BuMines Rept. of Inv. 57900, 1961, 14 pp. 

Gruzensky, Willlam G. Extraction and Separation of Yttrium and Rare-Earth Elements 
Found in Euxenite. BuMines Rept. of Inv. 5910, 1961, 22 Pp. 

King, E. G., and A. U. Christensen. High-Temperature Heat Contents and Entroples of 
Cerium Dioxide and Columbium Dioxide. BuMines Rept. of Inv. 5789, 1961, 6 pp. 

King. E. G., W. W. Weller, and L. B. Pankratz. Thermodynamic Data for Lanthanum 
Sesquioxide. BuMines Rept. of Inv. 5857, 1961. 6 Pp. 

Leary, R. J., E. M. Ostrowski. and N. Derick. roducing and Ladle-Treating Medium- 
190 0 Steels with Rare- Earth Metals and Oxides. BuMines Rept. of Inv. 5895. 

; pp. 

Lindstrom, R. E., J. O. Winget, and J. S. Berber. Effect of Temperature In Ton-Exchange 
Separation of Rare-Esrth Elements and Recovery of EDTA from Effluent Solutions. 
BuMines Rept. of Inv. 5879, 1961, 16 pp. 

Montgomery, R. L., and J. M. Stuve. Thermochemistry of Erbium. BuMines Rept. of 
Inv. 5892, 1961, 10 pp. 

Morrice, E.. B. Porter, E. A. Brown, C. Wyche, and R. G. Knickerbocker. Electrowta- 
ning corm Orne and Yttrium-Group Metals. BuMines Rept. of Inv. 5868, 1961, 39 pp. 

Porter, Bernard, and E. A. Brown. Determination of Oxide Solubility in Molten Hu- 
orides. BuMines Rept. of Inv. 5878, 1981, 8 pp. 

Stecura, Stephan, and William J. Campbell. Thermal Expansion and Phase Inversion of 
Rare-Earth Oxides. BuMines Rept. of Inv. 5847, 1961, 47 pp. 

Gupta. J., S. K. Kundra. and B. R. L. Row. Separation of Rare Eartha Obtained 
From Indian Monazite. I. Separation of Ceria and Preparation of Lanthanum and Di- 
dymium Concentrates. J. Sci. and Ind. Res., v. 20D, No. 4, April 1961, pp. 148-152. 

2 Tlílal, O. M., and F. A. El Gohary. Chlorination of Monasite. Ind. and Eng. Chem., 
v. 53, No. 12, December 1981, pp. 997-998. 

Mi Palot and Drug Reporter. Metals Separated from Foam. V. 179, No. 14, Apr. 3, 
» PP. 9, . 

99 Val'tsev, V. K., 8. M. Artamonova, N. R. Didora, and L. Kh. Kravchenko. (Precept- 
tation of Elements from Fused Salts. Report 1. recipitation of Some Elemente from 
Fused Ammonium Nitrate). Izvext. Sibirsk. Otdel. Akad. Nauk 8.8 S.R., No. 4, SUE 
38—42 : abstract resulting from the SOV/STEP program under the sponsorship of the U. 
Air Force, available from Off. Tech. Servicer, U.S. Dept. Commerce. 

D Moore, Fletcher L. New Technique for the Separation of Trivalent Actinide Elements 
from Lantbanide Elements. Anal. Chem., v. 33, No. 6. Mny 1961. pp. 748-701. 

* Small, H Gel-Liguid Extractlon—II. The Separation of Metallic Species Using Ton 
Exchange Resins in Conjunction with Water-Immiscible Organic Extractants. J. Inorg. 
and Nuclear Chem, v. 19, Nos. 1-2, September 1961, pp. 160—109. 


RARE-EARTH MINERALS AND METALS 1043 


Samarium, europium, and yetterbium were removed from concen- 
trates by a continuous sodium-amalgam process.“ Electrochemical 
deposition was investigated as a rapid and highly specific method 
for separating rare-earth elements.“ Highly concentrated solutions 
may be processed and current varied to control electrolysis rates, but 
current efficiency is low and power consumption is high. 

A gravimetric method which forms no complexes with the trivalent 
rare-earth elements was used to analyze for, and to separate quad- 
rivalent cerium from, typical rare-earth elements such as lanthanum 
and gadolinium.” 

Russian scientists reported the use of a new reagent, salicylfluorone 
[9-(o-hydroxy-phenyl) 2, 3, 7-trihydroxyfluorone] which is sup- 
posedly much higher in selectivity than Arsenazo I in the photometric 

etermination of rare-earth elements. 

Combined neutron activation, ion-exchange chromatography, and 
photometric methods were used by Japanese researchers in the separa- 
tion and quantitative determination of individual rare-earth elements 
from minerals containing light and heavy subgroup rare-earth 
elements. Japanese scientists also used neutron activation analysis 
to determine elements such as europium, lanthanum, and samarium 
in granite and basalt.** 

anthanum was used as an internal standard in the optical spectro- 
aphic determination of samarium and other rare-earth elements.*? 
rapid and economical method was developed for the analysis of 
gadolinium and samarium oxides added as neutron absorbers to high- 
alumina ceramic.“ Mass spectrometric studies indicated that vapor 
compositions and volatilities of different rare-earth oxides in high 
vacuum vary considerably, the gaseous monoxide stability tending to 
decrease with increase in atomic number.“ 


38 Mining Magazine, v. 104, No. 6, June 1061, p. 323. 

4 s cence & a peering News. Electrolysis Yields Pure Rare Barths. V. 89, No. 15, 

pr. 10. , pp. 48, 50. 

Onstott, E. p! Separation of the Lanthanons at Amalgam Cathodes. Measurement of 
the Separability of Praseodymium and Neodymium in Aqueous Lithium Citrate Electro- 
lytes. Anal. Chem., v. 33, No. 11, October 1961, pp. 1470-1473. 

es Bhat, A. N., and B. D. Jain. Gravimetric termination of Cerium IV and Its Sep- 
aration From Rare Barths 201 8-Acetyl-4-Hydroxycoumarin. J. Less- Common Metals, 
v. 8, No. 3, June 1961, pp. 259-261. 

9*5 Zalkovskii, F. V., and G. F. Sadova. Photometric Determination of Rare Earths 
With Salleylfluorone.) Zhur. analitichesko! Khim., v. 16, No. 1, January-February 1961, 
P: 29-31 ; abstract resulting from the SOV/STEP program under the sponsorship of the 

S. Air Force, available from Off. Tech. Services, U.S. Dept. of Commerce. 

* Fuji Isao. (Determination of the Individual Rare Earth Elements in the Rare Earth 
Minerals by Neutron Activation Method. Determination of the Individual Rare Earth 
Elements in Monazite and Allanite.) J. Atomic Energy Soc. of Japan, v. 3, March 1961, 
pp. 9-18; Nuclear Sci. Abs., v. 15, No. 9, May 15, 1961, p. 1392. 

(Determination of the Individual Rare Earth Elements in the Rare Earth Min- 

erals by Neutron Activation Method. II. Determination of the Individual Rare Earth 

Elements in Gadolinite, Xenotime, Fergusonite, Euxenite, and Yttrialite.) J. Atomic En- 

ergy, ace of Spam v. 8, March 1961, pp. 188-189; Nuclear Scl. Abs., v. 16, No. 14, July 
e D. : 

bs Hamaguchi, Hiroshi, and others. Values for Trace Elements in G-1 and W-1 With 
Neutron Activation Analysis. Geochim. et Cosmochim. Acta, v. 23, Nos. 8 and 4 (Geo- 
chemical Notes), May 1961, pp. 296-299. 

9 Pittwell, L. R. Determination of Samarium and Other Rare Earths. Analyst (Cam- 
bridge. England, v. 86, No. 1019, February 1961 (Notes), pp. 137-140. 

% Borror, Kenneth P., and E. A. Fisher. X-Ray Methods for Oxide Analysis. Ceram. 
Age, v. 77, No. 4, April 1961, DP: 40—42. 

u Shchukarev, S. A., and G. A. Semenov. (Mass-Speetroscople Study of Vapor Compo- 
sition Over Oxides of Rare-Earth Elements). Doklady Akad. Nauk S.. S. R., v. 141, No. 8, 
Nov. 21, 1961, pp. 652-654; Current Review of Soviet Technical Press, Jan. 26, 1962, 

p. 4. 
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Rare-earth hexaborides were synthesized and their electrical prop- 
erties studied at room temperature. The stability of the structures 
of cubic dodecaborides such as HoB,, and Er B.: were found to depend 
upon the effective size of the metal atom.** 

Research performed at the National Bureau of Standards indicated 
that for most of the rare-earth borates the only stable phase is of 
the vaterite type.** It was stated that rare-earth borates have melt- 
ing points greater than 1,400? C and that ceramics made from them 
show resistance to attack by boric acid at elevated temperatures.** 
Most of the trivalent rare-earth oxides were included in binary sys- 
tems investigations which defined specific regions of stability for the 
different structure types and summarized the structure types found 
in all possible binary mixtures of the oxide studied.** 

Phase equilibria studies showed that a eutectic appeared in the 
Dee india system at 1,730? C at about the composition of 73 mole- 
percent india." The melting points of europia and india were deter- 
mined as 2,240 C +10° C et? 1,910° C +10° C, respectively. The 
brown, higher oxide of terbium—Tb,O,—was shown to be due prob- 
ably to the slow oxidation of a lower oxide when the latter is cooled in 
air or oxygen.“ 

Good atmospheric stability and high reflectance in the infrared 
were shown by erbium and ytterbium deposited as optical film sur- 
faces by vacuum evaporation techniques on quartz and glass sub- 
strates. Rare-earth intermetallic compounds were investigated to 
determine their melting points and oxidation resistance at elevated 
temperatures in the search for special refractory coatings.” 

Crucibles made from cerium dioxide were said not to react with 
metals such as molten aluminum, zinc, lead, and tin up to 1,000? C 
over periods of 1 day or more.“ 

Thermal expansion coefficients of rare-earth metals, yttrium, and 
scandium were described by empirical equations derived from X-ray 
data.? High-temperature X-ray techniques were used to determine 


e Sclar, Nathan. Unijunction Devices Made From Rare Earth Semiconductors. Nu- 
clear Corporation of America, quarter. rept. No. 2, April-June 1961 (contract DA 36-039- 
8C-87392, proj. 3109021-001), June 30, 1961, 26 pp.; AD 265 421. 

%2 LaPlaca, S., I. Binder, and B. Post. binary Dodecaborides. J. Inorg. and Nuclear 
Chem.. v. 18, March 1961, pp. 113-117. 

“ Levin, Ernest M., Robert S. Roth, and Jerry B. Martin. Polymorphism of ABO, Type 
1015 Purin Borates. Am. Mineral, v. 46, Nos. 9 and 10, September—October 1961, pp. 

20-1055. 

4 Chemical & Engineering News, v. 39, No. 7, Feb. 13, 1961, p. 89. 

Felten, E. J. Preparation and Properties of Some Rare Earth Borates. J. Inorg. and 
Nuclear Chem., v. 19, e 1961, pp. 61-64. 

“ Schneider, S. J., R. S. Roth, and J. L. Waring. Solid State Reactions Involving Oxides 
of Trivalent Cations. J. Res. Nat. Bur. Standards. A. Physics and Chemistry, v. 65A, 
No. 4, July-August 1961, pp. 345-374. 

* Schnelder, S. J. Phase Equilibria Systems Involving the Rare Earth Oxides. Part 
IIT. The Eu,0,-In.O, System. J. Res. Nat. Bur. Standards. A. Physics and Chemistry, 
v. 654, No. 5, September-October 1961, pr 429—434. 

* Bainaiger, N. C., II. A. Eick, H. S. Schuldt, and L. Kwng Terblum Oxides. ITT. 
X-Ray Diffraction Studies of Several Stable Phases. J. Am. Chem. Soc, v. 83, No. 10, 
June 2, 1961. pp. 2219-2223. 

% Wilburn, David K. Some Optical Properties of Several Evaporated Rare Earth Metals. 
1815 me Ordnance Tank-Automotive Command, Rept. RR-36, Mar. 1, 1961, 23 p.; AD 

5 Nuclear Corporation of America, Research Chemicals Division. Rare Earth Inter- 
metallics. Rept. No. 1, November-December 1960 (contract NOw 61-0257—) ; December 
1960, 20 pp.; AD 252 345. 

5! Samsonov, G. V., G. A. Yasinskaya, and E. P. Laptova. Ogneupory, No. 1, 1961, pp. 
41-42; Current Review of Soviet Technical Press, Apr. 14, 1981, p. 2. 

H Spedding, F. II., J. J. Hanak, and A. H. Daane. High Temperature Allotropy and 
Thermal Expansion of the Rare-Earth Metals. J. Less Common Metals, v. 8, No. 2, April 
1961, pp. 110-124. 
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that the crystal structures of lanthanum, cerium, p neo- 
dymium, yttrium, and possibly gadolinium are body-centered cubic 
at temperatures near their respective melting points. Electrical re- 
sistance measurements gave evidence for possible high-temperature 
crystalline transformations in gadolinium, terbium, cura 
holmium, and lutetium. Constitutional diagrams were determine 
for the systems gadolinium-iron, gadolinium-nickel, and gadolinium- 
cobalt. Of 23 intermetallic compounds found in the three systems, 
the most stable were GdFe,, Gd Ni, Gd Nis, and GdCo,, melting at over 
1,800°, 1,300°, 1,500?, and over 1,600? C, respectively. 

It was reported that Russian technologists had developed and 
exhibited a nonpyrophoric alloy containing 40 to 50 percent cerium 
and lesser quantities of lanthanum and other rare-earth elements, 
magnesium, and iron designed to promote nodulization in cast iron.“ 

Neodymium or gadolinium in calcium tungstate and bivalent 
samarium in calcium fluoride were said to act as good light amplifier 
materials in optical masers."® 

Direct-current resistivity measurements were made on sintered 
barium titanate to which very smal] quantities of rare-earth oxides 
had been added singly.“ A very large increase in resistivity oc- 
curred near the tetragonal-cubic transition temperature of 120° C. 

Samarium sulfide and cerium sulfide were found to have excellent 
high-temperature stability and good thermo-electric efficiencies up to 
2,000? F, although not as good as lower temperature materials. When 
used in series with other thermoelectric materials, these rare-earth 
compounds permit higher operating temperatures in thermoelectric 
generators.“ 


5 Novy, F. V., R. C. Vickery, and E. V. Kleber. The Gadolinium-Iron System. AIME 
Met. Soc. Trans., v. 221, No. 3, June 1961, pp. 580-585. 

———., The Gadolinium-Nickel System. AIME Met. Soc. Trans., v. 221, No. 3, June 
1961, pp. 585-588. 
. The Gadolinium-Cobalt System. AIME Met. Soc. Trans., e 221, No. 3, June 
1961 po. 588-590. 

& Kiu nichkin, K. F. (Application of Rare Elements.) Tsvetnye Metally, No. 1, 1961, 

. 60—66 ; abstract resulting from the SOV/STEP prorrm under the sponsorship of the 

.S. Air Force, available from Off. Tech. Services, U.S. Dept. Commerce. 

55 Americal Metal Market, v. 68, No. 198, Oct. 16, 1961, p- 8. 

Scovil, H. E. D. Solid-State Maser Research. Bell Telephone Laboratories, Inc., 
Quarterly Prog. Rept. No. 4, Mar. 20-June 20, 1961 (contract DA 36-—039-sc-85357); 
AD 261 145, 44 pp. 

Electronic News, v. 6, No. 253, Mar. 23, 1961, pp. 1, 8. 

5* Tenney, V. J., and R. L. Cook. Investigation of Rare-Earth Doped Barium Titanate. 
Am. Ceram. Soc. J., v. 44, No. 4, Apr. 1, 1961, pp. 187—193. 

i LL Age. Thermoelectricity at Westinghouse. V. 77, No. 9, September 1961, pp. 


Salt 


By Robert T. MacMillan * and Victoria R. Schreck? 


A 


TAL output of salt in the United States in 1961 exceeded the 
record production of 1960 by 200,000 tons. Increased production 
of evaporated salt was responsible for the new record, as the out- 

put of both brine and rock salt was slightly below 1960. 


LEGISLATION AND GOVERNMENT PROGRAMS 


A Federal grand jury indicted four major salt companies on charges 
of price fixing. The indictment, returned in Federal court at St. Paul, 
Minn., charged the firms with conspiracy to submit identical bids on 
contracts to supply rock salt to various State and municipal govern- 
ments. The Department of Justice instituted a civil antitrust suit 
against the same defendants, charging violation of section 1 of the 
Sherman Act and enjoined them from (1) conspiring to restrain the 
sale of rock salt, (2) adhering to zone pricing formulas, and (3) ex- 
changing price and market information? 

The Federal Trade Commission dropped its suit against & western 
salt producer after the firm agreed to sell two smaller firms which it 
had acquired allegedly in violation of laws relating to monopoly. 


TABLE 1.—Salient salt statistics’ 
(Thousand short tons and thousand dollars) 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 

Sold or used by producers............. 21, 585 23, 844 21, 910 25,160 | 325,481 25. 707 
Fans eS $102, 900 | $148, 886 | $141, 486 | $155,839 |2$161, 214 $160, 223 
Imports for consumptlon 172 651 611 1, 025 1.057 1,050 
A 8 $982 $3, 523 $3, 368 $5, 438 $4, 484 $3, 755 
E PCC. Ä T— 346 391 363 424 2 420 642 

A A $2, 872 $2, 591 $2, 273 $2, 660 $2, 548 $3, 87 
Consumption, apparent. 21, 411 24, 104 22,158 25,761 | 720. 118 28, 115 


World: Production 68, 200 78, 300 83, 000 88, 000 93, 900 96, 400 


1 Includes Puerto Rico, 
2 Revised figure. 
3 Values are Lob mine or refinery and do not include cost of cooperage or containers. 


DOMESTIC PRODUCTION 


_ Louisiana and Texas continued as the leading salt-producing States 
in 1961; each having about 18 percent of the national production. 
New York, with 16 percent, ranked third. Michigan, Ohio, Califor- 


1 Commodity specialist, Division of Minerals. 
? Statistical clerk, Division of Minerals. 
SOT, Paint, and Dru Reporter. Rock Salt Defendants Hit hy Civil Antitrust Actione. 
V. 180, No. 8, July 17, 1961, pp. 4-5. 
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nia, and Kansas, with 15, 14, 6, and 5 percent, respectively, completed 
the list of States in which salt production was over 1 million tons. 
These seven States supplied 92 percent of the total U.S. output. The 
remaining 8 percent was produced in 10 other States. 

Salt was produced at 95 plants by 57 companies. Four companies, 
operating 22 plants, produced 48 percent of the total production, and 
6 other companies, with 18 plants, provided 37 percent. The remain- 
ing plants supplied 15 percent of the output. 

Over 1 million tons of salt was produced at each of 6 plants; 9 
plants reported production ranging between 500,000 and 1 million 
tons; and 35 plants produced 100,000 to 500,000 tons each. Of the 
remaining plants, 24 produced less than 10,000 tons each. 


TABLE 2.—Salt sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 


Quantity Value Quantity Value 


LESCH er EE 1, 443 1, 601 
WONG A ß EE 4933 4$11, 873 913 11, 409 
ENEE . ee ag 4, 792 21, 959 4, 722 23,257 
Mei da 4, 0S8 33, 759 3, 885 31, 254 
S %% asa 39 1 33 284 
Now YO ki ; AME ERODEAC ES 4, 008 30, 763 4,149 30, 761 
))). A 3, 108 24, 149 3, 465 25, 037 
% eelere 3 16 3 19 
EEN 4, 756 18, 222 4, 695 17, 682 
Ill A O nie 231 3, 092 249 3,197 
rr EE 920 3,673 899 3,510 
Other States eseu erer %r ̊ $1,160 413, 377 1, 093 13, 693 
Eed A 4 25, 481 4161, 214 25, 707 160, 223 


1 Includes Puerto Rico. 

2 Included with “Other States” to avoid disclosing individual company confidential data. 

* Brine, quantity, and value, included with “Other States.“ 

4 Revised fimire. 

! Includes States indicated by footnote 2, and Alabama, Colorado, Hawall (1961 only), Kansas (brine 
only), Nevada, North Dakota, and Virginia. 


TABLE 3.—Salt sold or used by producers in the United States, by methods 
of recovery 


(Thousand short tons and thousand dollars) 


1900 1961 


Method of recovery ———— ere 
Quantity Value Quantity Value 


Evaporator; 
ulk: 

Open pans or Grolnerg. eee eee 317 $8, 578 315 $, 4^5 
Vacuum DAI 2, 109 45, 610 2, 183 45, 398 
EN EE EN 31,348 3 8, 129 1, 632 & 738 
Pede ³⅛lAA.⁰¹Ü ⁰ 330 7, 575 357 7, 860 
))!!õCͤ§ĩõĩß - o ce 24. 104 2 89, 792 4, 387 70, 447 
Hulk EE 6, 406 43, 457 6, 376 41, 289 
Pressed bIoCES. 0...00- ðâd 1, 1, 661 
EE eS d 466 44. 933 6, 439 42, 950 
Salt in brine (sold or used as stich) ) 14, 911 46, 439 14, 881 4^, 806 
I Bees ——— e MÀ E 
CA y zoonoses a ddes 25, 481 161, 214 25, 707 160, 2.3 


1 Includes Puerto Rico. 
2 Revised Aguro. 
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TABLE 4.—Evaporated salt sold or used by producers in the United States’ 
(Thousand short tons and thousand dollars) 


1960 1961 
State 
Quantity Value Quantity Value 
ES EE 401 $0, 358 411 $9, 180 
h rg 191 4, 737 196 4, 430 
Miese. 830 17, 085 875 17, 420 
A A eee ee ce 1 14 1 14 
ONG ec en ee A De Soe DE 103 2, 987 101 2, 761 
Obersee 8 32, 578 3 35,611 2, 803 36, 662 
G C NEE 3 4, 104 3 69, 792 4,387 70, 46 


1 Includes Puerto Rico. 

3 Includes California, Hawaii (1961 only), Nevada, New Mexico, New York, North Dakota, Ohio, Utah, 
and West Virginia. 

3 Revised figure. 


TABLE 5.—Rock salt sold by producers in the United States 
(Thousand short tons and thousand dollars) 


Year Quantity Value Year Quantity Value 
1952-56 (average) 4, 958 $28, 847 || 1959222222575 $41,119 
1957- E 86,389 || 1960...............-.....- 44, 083 
See 37,125 || 1961. 42, 950 


TABLE 6.—Pressed-salt blocks sold by original producers of salt in the 
United States 


(Thousand short tons and thousand dollars) 


From evaporated salt From rock salt Total 
Y ear —S PEE ES 
Quantity Value Quantity Value Quantity 
1052-56 (average) 282 ,634 
AAA ͤ-mqũ 8 289 n 


Some weakening in the price structure of rock salt was said to be 
caused by a slight temporary above normal capacity in the industry. 
However, new uses and increased demands for salt were relieving the 
condition. Several new salt-producing facilities were in various stages 
of completion. The new mine of International Salt Co., at Cleveland, 
Ohio, was nearing completion, and shaft-sinking operations for new 
salt mines were underway at two locations in Louisiana, one at Belle 
Island, by Cargill, Inc., and the other at Cote Dlanch Island, a joint 
venture of Monsanto Chemical Co., and Carey Salt Co.* A third salt 
MA mie started by Dakota Salt and Chemical Co., at Williston, 


4Chemical Week. U.S. and Canadian Rock Salt Relief: How Soon? V. 90, No. 8, Jan. 
20, 1962, pp. 75-76, 78. 


009878—62-——67 


1050 MINERALS YEARBOOK, 1961 


CONSUMPTION AND USES 


Nearly 10 million tons, or 39 percent, of the total salt output was 
used in making chlorine and its coproduct, caustic soda. This was an 
increase of 800,000 tons from 1960. Tonnage used in manufacturing 
sodium carbonate (soda ash), the second EE consumer of salt, 
continued to decline, reflecting the increasing use of natural sodium 
compounds for producing soda ash. Manufacture of chemicals, in- 
cluding chlorine and caustic and soda ash, required over 17 million 
tons or about two-thirds of the total salt production. 

The third largest use of salt, taking 9 percent of the total output, 
was for highway snow and ice removal] and for road stabilization. 
This use is shown as “States, counties, and other political subdivisions 
(except Federal)” in table 7. 


TABLE 7.—Salt sold or used by producers in the United States, by classes and 
consumers or uses 


(Thousand short tons) 


Consumer or use 


Soap (including detergents) 
All other chemicals... 222 
Textile and dycing.................. 
Meatpackers, tanners, and casing 

manufacturers: 


Flour processors (including cereal)... 
Other food processing................ 
Ice manufacturers and cold-storage 

COMPANIES: eege uerus meme m 
Feed denlers 22 


a AA ees AE 


Paper and pulp) 
Water-softner manufacturers and 
service companies 
Grocery stores. 
Railroada e ell... 
Bus and transit companſes 
States, counties, and other political 
subdivisions (except Federal)...... 
U B. Government... eee 


1 e “Undistributed” to avold disclosing individual company confidential data. 

evised figure. 

Includes some exports and consumption in Territories, oversea areas administered by the United States 
and Puerto Rico. 
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TABLE 8.—Distribution (shipments) of evaporated and rock salt produced in 
the United States,’ by destination 


(Thousand short tons) 


MT A MA A K EE 
I ³ð KK 


New Hampshire 
New AA A COS eH 
Nh; ³o¹w / aaa iie 
New r.. ³ A 8 
North Carolina............. 
North Dakota cin. kk... 8 


Rhode Island E A eua ea LE 


Kail EI ecd c idoli sue coe ce mn pe ELE E 


Wenn... 


Includes Puerto Rico. 

3 Included with “Other” to avold disclosing individual company confidential data. 

3 Includes shipments to Territories, oversea areas administered by tho United States, exports, and some 
shipments to unspecified destinations. 

4 Revised figure. 


PRICES ] 


Prices quoted for salt in 1961 by Oil, Paint and Drug Reporter con- 
tinued at the level where they have remained since 1958. Quoted 
prices and value data were as follows: 


Rocksalt, paper bags, carlots, f.o.b. New York e per 100 pounds $1. 09 
Salt, vacuum, common fine, carlots, f.o.b. New Lor do- 1.34 
Dry salt, average value 22222 per ton... 10. 47 


Salt in brine, average value per ton contained salt. 8,15 
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FOREIGN TRADE 


Imports.—The increase of the past 2 years in the tonnage of salt 
imported for consumption was halted in 1961, as total imports dropped 
slightly. However, they remained above 1 million tons. Imports 
from Mexico increased 19 percent, making Mexico the leading foreign 
supplier of salt to the United States, with 37 percent of the total 
imports; Canadian imports, 15 percent below the 1960 level, were 36 
percent. The Bahamas supplied 18 percent, and the remaining im- 
ports came from other Caribbean islands and Spain. Total imports 
were approximately 4 percent of U.S. production. 

Exports. Dry salt exports increased more than 50 percent above the 
1960 level, establishing a new record. Most of the increase went to 
Japan and Canada. Exports were 2 percent of U.S. production. 


TABLE 9.—Salt shipped to the Commonwealth of Puerto Rico and oversea areas 
administered by the United States 


Source: Bureau of the Census. 


TABLE 10.—U.8. imports for consumption of salt, by countries 


Short tons Value Short tons 


— íorR | ee — —— 


North America: 


Bahasa ues en 190, 738 Tí 
F · O epum UE 381, 894 2, 166, 579 
Dominican Republic.................-............. 64, 763 288. 049 
fl ³o¹¹ u 6. 810 18, 240 
Leeward and Windward Islands...................| 5. 1524 13, 800 
A ⁰⅛i AAA 386, 828 483, 742 

Total A ͤ A cece 1, 031, 033 3, 603, 681 

E : 

Ga EE, , cc. WEE, AAA 
A A WEE BEA AAS ec ETE 
= J ³Wsſ. ę m; - 60, 963 

nited Kingdom (D) | 288 iere Seege iere 

Total EE EE 60, 963 


Grand ol... Ge 


1 Less than 1 ton. 
Source: Bureau of the Census. 


5 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division 
of Foreign Activities, Bureau of Mines, from records of the U.8. Department of Commeree, 
Bureau of the Census. 
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TABLE 11.—U.8. imports for consumption of salt, by classes 


In bags, sacks, barrels, 
or other packages Bulk (dutiable) 
(dutiable) 


Year 


Value 
än (average) 3056 Sé 
EE 2, 809, 557 
ee 4, 906, 490 
C0 4, 216, 080 
Ee 3, 610, 434 


1 Data known to be not comparable with other years. 
Source: Bureau of the Census. 


TABLE 12.—U.8. imports for consumption of salt, by customs districts 


1960 1961 
Customs district EE 
Short tons Value Short tons Value 

e . e 35, 520 3235, 801 4. 651 849. 340 
FI ⁰r . ANA 47, 733 300, 955 16. 576 77, 742 
oe ... wes 33. 521 150. 171 
Duluth and Superior Lc. cl lll... 42, 025 208, 505 48, 504 203, 033 
C6... A AS 129, 414 501, 430 133, 219 510, 996 
Maine and New Hampshlre g 1, 200 29, 9, 606 55, 063 
hh EE 8 11. 226 40, 092 
Mase husten A 29, 821 97. 499 37, 461 133, 312 
Michiv EE ³ð ö. x once 284,611 | 1,843, 322 176, 810 985, 774 
INOW <Y OF ² EE 63, 793 260, 971 54, 657 261, 513 
ONO od ) A ĩè K ue MON E 8, 037 50, 690 79, 296 462, 011 
Oregon A ras Se ls EE 77, 442 96, 806 116, 544 145, 787 
PhilsdelphiB. A 8 2 /// ;! 
Puerto t ee tas esa cele se 8,711 43, 556 6, 100 30, 500 
Rochester. |. o c ec deen he ⁰⁰mx ee caw ee 418 2, 8% EE A 
e . eae ae 25 299 13 130 
„ VPV 606 4. 323 256 1, 721 
lll P TD UMORE RAE 47,925 176, 311 43, 025 161, 495 
Wini 248, 653 308, 286 270, 272 337, 825 
Wisco nsin= ß ß 31, 092 261, 192 8, 287 96, 639 

Total EE Soe Scat cz 1,057,028 | 4,483,714 | 1,050, 084 3, 754, 644 


Source: Bureau of the Census. 


. Tariff.—The duty on bulk salt into the United States, unchanged 
since June 30, 1958, was $0.017 per 100 pounds. Duty on packaged salt 
was unchanged at $0.035 per 100 pounds. Duty on salt in brine, an un- 
enumerated article in paragraph 1558 of the Tariff Act of 1930, was 10 
percent ad valorem. 

Representatives of several large salt-producing firms testified at 
hearings of the U.S. Tariff Commission and the Committee for Reci- 
procity Information. The salt-producing firms were against further 
reduction of tariffs on salt because cheaper foreign salt threatened 
the U.S. market for domestically produced salt.* 


* Chemical A Engineering News. Salt Producers Oppose Tariff Cut. V. 39, No. 3, Jan. 
16, 1961, p. 29. 
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TABLE 18.—U.8. exports of salt, by countries 


1960 1961 
Destination 
Short tons Value Short tons 
North America: 
Béermüd EA 20 $2, 392 
Gangs... CCC 1 50, 038 567, 122 
Central America: 
British NRondur ass 10 320 
Canal e dec ed 108 1, 844 
Costa e WEE EE SC 266 8, 493 
ISI ͤ 46 3, 215 
Guatemala JFC E 208 11, 412 
HonDdÜürass ld Sa 249 10. 612 
C EE 489 12. 824 
¡Si AAA A A 54 3, 336 
II dl 4, 678 173, 130 
West Indies: 
Baha A ( 114 13. 144 
r a 1. 979 63. 652 
Dominican Republic. 222-22... 64 4,616 
Il A AS IS 52 8. 814 
Netherlands Antilles 373 26, 570 
Other West Indie 64 5, 731 
rr des 1 58, 812 902, 227 
South America: 
EE A DE 251 6,134 
PIU ²V! dee 49 4. 788 
Wend le 8 369 12. 240 
Other South America 20 ; 
J he et A 88 689 26, 048 
Europe: 
CARY fos So ³1¹¹ w E ee Sie ua Re 33 3 2, 536 
Netherlands Z cc eaa eee ne ere ro 1 126 
¡JA A sexes b ck sone 
nited Kingdom. - mu ecce e E 213 12. 623 
Other Europe. ——— MARRE Ne 26 16, 436 
A A 243 32. 321 
Asia: 
Hong R008 EE a) 624 
/ A ² ¼˙mͥA“.!l..l... 8 359,919 | 1,525, 814 
LESDRHOU. .. EE 27 3. 182 
Fips aissi ae unada 112 10, 080 
Baudi nls 165 16. 447 
Ape ͤ ꝛzaʃa—² q ͤ d 8 55 5, 531 
Total 3 GE sa 360,278 | 1,561,878 
Africa 
h ³ A Siess (3) 1,170 
Congo, Republic of the, and Ruanda-Urundl 45 2, 880 
// or A I E 50 1, 000 
Nigeria JJ ĩðVjv cee 23 1.215 
Unton of South Africa .. 4 E WEE 
Ghee ile 8 VVV 12 2, 618 
Told EES 3 130 8. 883 
Oceania: 
AA ³˙·w‚. ¹·wrw»w‚f--,W 3 „FF 
New and ]%Ü˙]Am ER O OE eu. 
Other Oceana EE 170 16, 443 
Total e M E UU MEESE 33 170 16, 443 
Grand total......... EE 1 420,322 | 2, 547, 800 


1 Revised figure. 
Less than 1 ton, 


Source: Bureau of the Census, 
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WORLD REVIEW 


World production of salt continued to increase, totaling more than 
96 million tons in 1961. About 27 percent of the world output was pro- 
duced in the United States. 

Brazil.—F loods destroyed 350,000 tons of salt in Brazil in 1961. This 
was about one-half the Nation’s stocks. Imports were necessary to 
make up the loss.’ 

Canada.—A new salt refinery and processing plant was under con- 
struction at Pugwash, Nova 9 Where rock salt had been mined 
for several years. The marine terminal for loading and unloading 
salt in oceangoing freighters was completed.“ 

Plans for expanding production at the Goderich, Ontario, rock salt 
mine were reported. A new 1, 800-foot shaft was expected to increase 
SE mine capacity 50 percent and to improve ventilation and mine 
safety.? 

El Salvador.—The Government of El Salvador prohibited the im- 
portation or manufacture of uniodized salt. The Law for Iodization 
of Salt was published February 27, 1961, and it provided that the min- 
imum iodine content of salt be set by the Ministry of Health. Local 
manufacturers were allowed a 1-year grace period in which to comply. 
The new law was intended to overcome iodine deficiency in the diet, a 
cause of goiter prevalent in many parts of the nation.“ 

Poland.—Salt mines and reserves were described in an article on 
chemical raw materials of Poland. Deposits at Wieliczka and Boch- 
nia had been exploited for several centuries, and reserves were nearly 
exhausted. Reserves were estimated at about 25 percent of total salt 
resources, and they represented that part of the total which could be 
mined profitably. Large reserves of salt were being mined in central 
Poland, at Inowroclaw, Wapo, and Klodawa, and additional discov- 
eries were considered probable in the Permian formation.” 

South-West Africa.—Southwest Africa Salt Co. (Pty.) Ltd. of Swa- 
kopmund announced a merger with a group which represented the 
most important salt sources of South-West Africa. The grou 
planned to build two vacuum salt refineries to supply local needs an 
some salt for export.!? 

United Arab Republic (Syria Region).—Discovery of a hi gh-grade rock 
salt deposit was reported at Harmoushieh, northwest of Deir ez-Zor. 
The salt was said to contain 99.4-percent sodium chloride and only 
0.6-percent gypsum.” 


T Chemical Week. Salt (Brazil). V. 88, No. 17, Apr. 29, D i 26. 

8 Northern Miner (Toronto). New Salt Refinery. V. 47, No. 23, Aug. 81, 1961, p. 7. 

* Northern Miner (Toronto). Order 1,800-Foot Shaft for Rock Salt Mine. V. 47, No 
27, Sept. 28, 1961. p. 19, sec. 2. 

9» Foreign Commerce Weekly. Salvador Bans Manufacture, Import of Uniodized Salt. 
V. 64, No. 15, Apr. 10, 1961, p. 12. 

u Ciesla, E. Chemical Raw Materials. Chemik (Warsaw), v. 14, No. 1/157, January 
1961, pp. 11-15. JPRS 8711. 

1 Bureau of Mines. Mineral Trade Notes. V. 53, No. 1, July 1961, 555 36, 37. 

12 Bureau of Mines. Mineral Trade Notes. V. 53, No. 6, December 1961, p. 41. 
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TABLE 14.—World production of salt, by countries?’ 
(Thousand short tons) 


1952-56 
(average) 
North America: 
si A ec cec ees 1,150 1, 772 
Costa MI 
Guatemala 15 18 
Honduras g—ꝛ lll. . 311 13 
MONOD EA ͤͤ OO 228 33 
Nicaraguͥns e ««««««—v. 13 10 
Mi ttr ETC 8 9 
BalVadOl MA A 43 55 
United States (including Puerto Rico): 
Rock wait ca caca ue „ 4, 053 5, 342 
Other salt. 16, 631 18, 512 
Mt Indies: 
British: 
Bahamas. .................... 123 192 
Leeward Islands (e 1 4 III! ĩð ( EE 
9 and Caicos I ds 12 18 ZB 
SES 64 75 66 
Danian Republic: 
AAA 2 47 71 
Other salt 14 18 22 
SEN 36 211 11 
Netherlands Antilles 3 1 21 
Total as ð d e tice de 23, 334 26, 476 29, 599 
South America: 
Argentina: 
Rock akk. 2 2 (i) (3) Q) 
Other galt 471 359 639 3 3 639 
Brake 793 880 941 1,017 21,017 
A HC PEERS 52 37 34 34 
Colombia: 
Rock elt... 188 228 235 259 294 
Other ak 43 106 63 7 n 
A A RR ePEENESAREE 36 26 24 31 331 
JJ Ku 96 126 116 117 100 
Venezuela 82 95 86 37 
Total AA 1,780 1, 880 2, 290 2, 300 
Europe: 
Austria: 
Rock $21t.......................-. 1 1 2 3 
ee Alf 409 568 530 474 
Doiesaria aa 80 82 28 398 
Czechoslovakia EE 171 177 185 1185 
France: 
Hock salt and salt from springs... 2, 755 9, 265 3, 429 } 3 4, 180 
Gern 8 672 639 
Kee 
p —————— 3 1,653 1, 985 1, 068 31,068 
West (marketable): 
Rock salt 3, 154 3, 598 4,001 4,783 
Brine salt —•—w 343 357 374 
OC AA % »˙ꝛ h õͤ 6 94 107 123 
Italy: 
Rock salt and brine salt.......... 1, 034 1,190 1, 743 1, 780 
Other akk e ere na 908 817 1,123 3 1, 108 
A A o daósodcdun Voci 2 1 1 
Netherlands. ................-...-.--- 572 791 1, 208 1, 228 
Poland: 
e, l 1.190 { 417 574 670 
EIERE ee ee j , 1,017 1,571 1, 591 
P G 8 240 3 3736 
Rum 640 934 1,152 31,152 
Rock $2]t.......................-. 456 565 592 
Other salt 880 941) 1.8 
SwItzerlanß dd. 127 144 164 3104 
PA AA A RETE 7, 000 7, 200 8, 300 9, 000 
United Kingdom 
Rock mall. enden see ness eet 67 99 168 320 
Other 88]t..................--. e. 4, 919 5, 484 6, 371 6,033 
Fuge 8 152 163 166 3182 
pror TE eque cT TS 27, 900 31, 200 36, 200 37, 000 
e 1 —— ———————— ——— —— I —— 


See footnotes at end of table. 
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TABLE 14.—World production of salt, by countries—Continued 


See footnotes at end of table. 


(Thousand short tons) 
Country 1952-56 1957 1958 1961 
(average) 
Asia: 
H RE E ee ER 302 222 174 128 
Afghanistan 
6 26 { 35 29 17 
O AAA A 28 137 73 
o ARES AAN CAME 88 128 123 138 
o RA 51 33 71 144 
CC Tb A E CUERO 67 89 20 39 
A E E SO 6, 225 8, 820 11, 500 15, 400 
2828 AAA A POE 2 7 6 
India 
Rook IU. adan 6 4 6 4 
( ven wane isi ows 3, 303 4, 041 4, 661 3, 821 
PF EE E 193 383 303 1713 
o4 Mec pe V ⅛Ü— IAE 272 331 82 3143 
C0 SLAM AN 24 24 29 341 
Uo in ia 24 35 23 
E A II ASES 554 917 1, 166 913 
UA ER E Ser Qo enge Y 10 11 21 
Koron, HAODUDDO acce esee aros 249 407 481 134 
CCC 313 13 13 11 
Pakistan: 
ROOK WE $ CR ëng and 161 174 198 222 
Go AA 241 333 197 207 
r TAT ER 56 122 154 103 
er e 15 11 6 38 
c ieee 4 3 4 1 
CFC 368 427 489 476 
OT RES ES EE 3 298 290 471 276 
Turkey: 
Hoch VUE ac a acuti HE 10 41 33 
o E ee ege 410 404 498 262 
United Arab — eeng (Syria Region). 20 37 344 3 36 
Vior- Nam; BOUT E CH 10 88 68 3110 
.... K PS 172 W 132 
TOM Ub. EE A EA 13, 190 17, 630 21, 400 24, 000 
Africa: 
c AAA S ASA 99 132 150 3158 
c 68 57 76 3 58 
r. RS 20 17 17 113 
Cape Verde Islands —k— 2¹ 22 9 26 
Chan, Renublis 0f. cc fetteg 6 le PP, 17 
Congo, epublic of the (formerly 
1 EES 1 (5) (5) 1 
Ethior ia (echte Trine. 202 194 183 3184 
French Somaliland................... 46 TTP 
E ESA IE EE AEN 124 324 324 18 
E Ne A IA 23 25 21 25 
P005; IA AA RE e 15 19 14 11 
Pio AA IAS 3 4 4 4 
A AA E 62 72 67 133 
a ES BEA IA 13 20 24 44 
Senegal, q Republic of (including 
MMT) A 64 72 78 355 
BORMAN DADO aaa 4 4 4 2 
South-West Africa: 
MOOR ARA A ADA 7 7 7 4 
COIN Marca 53 66 89 56 
. MAS 60 60 60 2 60 
yh oor O S dient A 25 29 40 36 
dh RE A EE 153 165 187 150 
QU. TT A A K ˙ Ee SN 8 11 11 5 
Union oí Bdutb Africs.....ucscsccstens 162 161 241 229 
United Arab Republic (Egypt) 408 459 444 570 
1 ET Eé 1, 638 1, 629 1, 751 1, 753 


— —— — — — OS — — — - 
— ũ — O — — — q —— . — — — 


Digitized by Google 
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TABLE 14.—World production of salt, by countries—Continued 
(Thousand short tons) 


1 Balt is produced in Albania, Bolivia, Malagasy, Nigeria, and North Korea, but figures of production are 
not available. Estimates for these countries are included in the total. 

2 This table incorporates some revisions. Data do not add oxactly to totals shown because of rounding 
where estimated figures are included ín the detail. 

3 Estimate. 

* Data not available; estimate included in total. 

8 Less than 500 tons. 

0 Year ended Mar. 31 of year following that stated. 

Average annual production 1953 56. 


Compiled by Helen L. Hunt, Division of Foreign Activities. 


TECHNOLOGY 


A comprehensive description of salt mining operations at Detroit, 
Mich., Cleveland and Fairport Harbor, Ohio, and Goderich and Ojib- 
Wi Ontario, was published.“ 

‘hese mines tap the extensive salt formations of the Eastern basin, 
which extends beneath parts of New York, Pennsylvania, Virginia, 
West Virginia, Ohio, Michigan, and Ontario. More than 43 percent of 
the U.S. salt was produced in this area. High-quality salt, low-cost 
water transportation, and nearby markets contributed to the high salt 
production in the area. 

Mine shafts were concrete-lined, and the main shafts were 16 feet in 
diameter. The room-and-pillar method of mining was used; rooms 
ranged from 30 to 60 feet wide and 17 to 40 feet high. The size of 
pillars was adjusted so that not more than 70 percent of the salt was 
mined; in deeper mines the extraction was less. The mine openings 
were completed within the salt bed; about 1 foot of salt was left on the 
floor, and 4 to 6 feet formed the roof. This practice helped to seal out 
water and gas which may be in the surrounding formations. The 

lastic property of rock salt under pressure helped to support the roof. 

emperatures In the mines ranged from 55° to 75° F., and working 
conditions were judged to be excellent. 

The salt was drilled and blasted after cutting a 6-inch slot 10 feet 
deep at the base of the face. A mixture of ammonium nitrate and fuel 
oil was the blasting agent at the Fairport Harbor and Detroit mines; 
40-percent-strength dynamite was used in the other three mines. 

he broken salt was mechanically loaded and hauled in rubber-tired 
vehicles to the primary crusher, located under ground. Finish crush- 
ing and sereening operations were usually above ground, where the 
various grades were stored ready for market. 

Virtually the only waste material produced by the mining and 
screening operation was an excess of “FC” grado consisting of extra 


1 Bleimeister, W. C. Rock Salt Mining Operations in Michigan, Ohio, and Ontario. 


Min. Eng., v. 13, No. 5, Muy 1961, nr 467-411. 
3 Ryon, J. L., Jr. Underground Use of Ammonium Nitrate-Fuel O1] Explosives, Min. 


Eng., v. 13, No. 4, April 1961, pp. 371-380. 
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fine material, as much as 15 percent of the total salt mined. This 
fraction was utilized at the Fairport mine by passing the preheated 
material between heavily spring-loaded rollers. Emerging from the 
rolls as a solid ribbon, the salt was broken up and screened to produce 
the desired sizes. Undersize material was returned to the rolls. 

The use of pneumatically placed ammonium nitrate-fuel oil mix- 
tures for blasting in several large salt mines was described.!“ After 
2 years’ experience at the Detroit mine and somewhat less than 2 years’ 
use at the Avery Island and Retsof mines, the use of ammonium ni- 
trate-fuel oil mixtures was declared advantageous compared to dyna- 
mite. The required amount of fuel oi] was added to plastic bags of 
ammonium nitrate prills, and the bags were allowed to stand 24 to 48 
hours. No mechanical agitation was required. Fuel oil added was 
about 6 percent of the weight of ammonium nitrate. After placing a 
blasting cap at the back of the hole, the blasting mixture was blown 
pneumatically into the hole. No measurable static electrical charges 
were produced by this operation. To avoid loosening the top layer of 
salt forming the roof, it was found necessary to ca Rion the effect of 
the blast in the top row of holes by loading these holes with the blast- 
ing mixture contained in long, narrow plastic tubes. The air sur- 
rounding the tubes cushioned the blast so that the top layer of salt 
remained intact. 

The history, geology, and mining methods used in a Louisiana salt 
dome were described." The salt was mined by the room-and-pillar 
method in much the same manner as in the Eastern basin salt mines. 
The chief difference was that in the Eastern basin the beds extend 
laterally for many miles but are usually only a few yards thick, 
whereas salt domes may be many thousands of feet thick but extend 
beneath only a few square miles of surface area. Mines in salt domes 
have great vertical development; some rooms are 110 feet high. Salt 
may be extracted from several different levels in the dome. 

Ductility of single-crystal specimens of sodium chloride was affected 
by the microcracks on the surface of the crystal. Removal of surface 
microcracks by dissolution followed by proper drying improved the 
bending characteristics of the specimens. The effects of various gas- 
eous atmospheres, including nitrogen, argon, air, oxygen, and ozone, 
on the crystals were observed. Embrittlement of the crystals resulted 
from exposure to oxygen and ozone atmospheres. A surface film of 
sodium chlorate was associated with the increase in brittleness.!* 

The theory of aerosol spraying with a solution of sodium chloride 
in water to control dusts in mines was described. Dust particles less 
then 10 microns in diameter are potentially harmful because they are 
not removed by the filtering action of the nose and on entering the 
lungs may cause tissue damage and silicotic diseases. Spraying the 
mine air with a fine aerosol mist of sodium chloride solution caused the 
fine dust particles to be attracted to the aerosol droplets, producing an 
agglomerated particle greater than 10 microns in size, which are not 
likely to enter the fine pores of the lungs.!? 


i NOE lee m We pt we - j 

ughes, J. H., Jr. Sn ning on Historic Jefferson Island.  Explosiv s 

89, No. 6, November-December 1961, pp. 179-182. EE 
18 Class, W. H. E. S. Mnchlin. and G. T. Murray. Embrittlement of NaCl by Surface 

Compound Formation. Trans. Met. Soc. AIME, v. 221, No. 4, August 1961, pp. 769—775. 
10 Bandyopadhyay, 8. Aerosol Spraving in Mines Combats Dusts. Canadian Min. J 

(Gardendale, Quebec, Canada), v. 81, No. 12, December 1960, pp. 66-70. 
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Increased use of rock salt on highways for snow and ice control 
focused attention on the corrosion of vehicles caused by the salt and 
the effectiveness of chemical rust inhibitors, such as sodium hexamet- 
aphosphate, which may be mixed with the salt. Opposing views were 
expressed by officials in various cities regarding the effectiveness and 
economic justification of blending rust inhibitors with highway salt. 
Some felt that the additional cost of the inhibitors was not justified 
unless surrounding communities also cooperated; others continued 
to recommend using inhibitors. 

In a simulated road test it was found that mixing sodium hexamet- 
aphosphate inhibitor with deicing salt reduced corrosion of vehicles 
55.7 percent. Other findings were that the corrosion was proportional 
to time rather than mileage traveled, that the corrosion rate was great- 
est when vehicles were stored in heated garages, and that dry mixing 
of fine inhibitors with coarse salt particles lead to segregation of the 
inhibitor.“ 

A new crystal form of salt was developed for certain specialty uses. 
Highly pure salt crystals suspended in brine were induced to grow at 
the corners, forming three-dimensional starlike crystals having fast 
solubility, good storing qualities without caking, and good blending 
ability. Small quantities of sodium ferrocyanide in aqueous solution 
introduced into the saturated brine suspension were absorbed on the 
faces of the crystals, restricting crystal growth to the corners, The 
new form of salt was expected to find use as a bulking agent in textile 
dyeing, in industrial detergents and soap manufacturing, and in 
explosives.” 

As part of a program to explore the peaceful uses of nuclear energy, 
the US. Atomic Energy Commission triggered a nuclear device in a 
cavern created in a salt dome near Carlsbad, N. Mex. The blast, at a 
depth of 1,200 feet, had been designed to be completely contained in 
the salt formation; however, some venting of radioactive gases oc- 
curred. About 70 percent of the objectives of the experiment were suc- 
cessfully SEH No harmful effects from the vented gases were 
reported.?? 

I'wo patents were issued on methods of preventing the caking of 
salt. In the first method, alkali metal ferrocyanides or like com- 
pounds were coated with a molten waxy material? After the wax 
cooled and solidified, the coated particles were mixed with the salt, 
reducing its tendency to cake. In the second patent the addition of 
a small quantity of nitrilotriacetamide to solid granular salt was said 
to substantially reduce the caking tendency of the salt. 

Another Tun described an improved apparatus and method for 
reviving old brine fields to recover additional salt by solution mining. 


KH 


Chemical Week. Inhibited Salt: Blowing Up a Storm. V. 89, No. 18, Oct. 28, 
1961, pp. 45-46, 48—49. 
1 n Chemical & EES News. Dendritic Salt Goes Into Production. V. 39, No. 18, 

ay 1, , D. ; l 

? Chemical & Engineering News. Project Gnome May Meet Scientific Goals. V. 39, 
No. 51, Dec. 18, 1961, pp. 23-25. 

* Ladenburg, K., and R. S. Ploss 6085 to International Salt Co., Inc.). Reduction 
of Caking Tendency of Salt. U. S. Pat. 3,009,775, Nov. 21, 1961. 

** Scott, T. R., N. G. Bromby, and C. Alday (assigned to Imperial Chemical Industries, 
Pu Prevention of Caking of Common Salt. U.S. Pat. 2,990,246, June 27, 1961. 

* Jacoby, C. H. (assigned to International Salt Co., Inc.). Method of Reviving an Old 
Brine Field. U.S. Pat. 3,012,704, Dec. 12, 1961. 


Sand and Gravel 


By Perry G. Cotter? and Jewel B. Mallory ? 


A 


RODUCTION of sand and gravel for construction in the United 
P States reached a new high in 1961, exceeding by 3 percent, in both 
quantity and value, the former record year of 1959. The rise in out- 
put of construction sand and gravel was directly related to the volume 
of general construction. New construction put-in-place was 3 percent 
higher than in 1960 and starts for new housing were up 5 percent. 
Total outlays for public construction were $17 billion, the EEN ever 
recorded. Authorizations for military construction provided for 3,000 
housing units under the Capehart program and arranged for con- 
clusion of this program in October 1962. 
Rut of industrial sands decreased slightly both in tonnage and 
value. 


LEGISLATION AND GOVERNMENT PROGRAMS 


The Federal Ad Highway Act of 1961 amended certain laws 
relating to the program and increased revenue taxes on some items 
such as motor fuel, tires, and use taxes on special types of vehicles. 

As of June 30, the National System of Interstate and Defense High- 
ways had 10,825 miles of road completed and open to traffic; 4,900 
miles were under construction. On 10,000 miles, engineering and ac- 
quisition of right-of-way were under progress, and 15,300 miles re- 
mained without action.“ 


DOMESTIC PRODUCTION 


Output of sand and gravel was 752 million short tons valued at 
$751 million, increases of 6 percent and 4 percent, respectively, from 
1960. 

Commercial Production.—Commercial operations provided 72 percent 
of total production of sand and gravel. The average price reported 
for commercially produced material was $1.11 per ton, slightly lower 
than that oed for the previous year. 

Completely integrated portable processing plants, which included 
crushing, screening, and washing units, were used to a greater extent 
by Both lange and small producers. 


1Commodity specialist, Division of Minerals. 

2 Statistical clerk, Division of Minerals. 

2 American Highways. National System of Interstate and Defense Highways, Status 
of Improvement as of June 30, 1961. V. 40, No. 4, October 1961, p. 6. 
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TABLE 1.—8and and gravel sold or used by producers in the United States, by 
classes of operations and uses 


(Thousand short tons and thousand dollars) 


1961 
Class of operation and use 
Quantity Value 
Construction 
Wieren) 
Band BEE 1 $127, 972 125, 290 $132, 000 
Gall... A seii ii 1 136, 152 111, 378 146, 188 
Paving: 
!, ¹ -w. 1 91, 742 108, 788 95, 866 
e -.---22..2....--- 1 258, 860 311, 714 271, 704 
A A 8 1 10. 951 26, 924 12, 824 
e A A cece doses 1 15, 673 30, 119 15, 094 
Sandgdd secs 517 35 
OTrAVAL A A 3, 232 2, 570 
Other: 
BONG cnoi ³¹¹¹¹⁴T2T2TA 3. 770 8. 512 
LÉI EE 6, 875 7, 202 
A / AAA 728, 607 087, 314 
be edes sand: j 
un 
PET lass EE 6, 682 21, 943 
MO GING occ 8 5,815 18, 808 
SE and polishing................. 1, 004 2, 388 
Blast sand. ee 635 2, 814 
Fire or a Ee 23 EEN 622 1, 285 
EnDglhé..... 002-222-2222"... 754 1, 477 
Ferrosilicon............................ 47 126 
Flltratle nn 2... 210 547 
Géi oe) SE 1, 677 
SE 1,011 2, 864 
f Ee 17, 128 50, 929 
end, ec eecteeedess 8, 064 
d ke AAA K AS 18, 047 58, 998 
Miscellaneous grave ee. 5. 130 4. 994 
ee E 
Grand total m 751, 784 751, 301 
Commercial: 
Te BEE ee 1 234, 139 ; 240, 346 275, 099 
Lë WEE 1 288, 756 1 318, 145 299, 209 334, 185 
Government-and contractor: $ 
Y E :: 181,517 1 22, 334 42, 990 28, 450 
e E E 1 155, 380 3 108, 688 160, 239 123, 567 
1 Revised figure 
3 Bee table 11 for use breakdown. 


8 La mate figures for operations by States, counties, municipalities, and other Government agencies 
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800 800 
700 700 
600 600 


/ 
500 e 500 


/ 
Quantity h 
/ 
400 j i 400 
P Value 
300 300 
200 200 
100 100 
Oo O 
1940 1945 1950 1955 1960 1965 


FIGURE 1.— Production and value of sand and gravel in the United States, 
1940-61. 


TABLE 2.— and and gravel sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 


Band 
Year E 

Quantity Value Quantity 
1952-56 (average) 193. 611 $195, 452 336, 630 
77 - 236. 020 244. 640 396, 235 
1938 2% 3030000 241. 658 251. 071 442. 840 
JJ Sewanee decane 269, 185 288 531 461. 020 
1000 GE 265. R56 293 599 444. 138 
lr REN 283, 336 303, 549 463, 448 


1 Includes possessions and other areas administered by the United States (1952-56). 
2 Revised figures 
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Government-and-Contractor Production.—The volume of sand and 
gravel classified as produced by Government-and-contractor was 28 
percent of the total output, an increase of 2 percent from 1960. The 
value was $152 million, an average of $0.72 per ton. This output went 
into government-financed construction projects, including Federal, 
State, and local programs for new highway construction, schools, hos- 
pitals, and road maintenance. States reported 60 percent of Govern- 
ment-and-contractor production in 1961; counties, 22 percent; Federal 
agencies, 15 percent; and municipalities, 3 percent. Most production 
was by contract; the remainder was by regular maintenance crews. 

The entire production of a private producer must be on a contract to 
a government agency to be classed under the Government-and-con- 
tractor category. If any part of the production is sold commercially, 
the entire output is designated as commercial. 

Degree of Preparation.— Because of availability some noncommercial 
sand and gravel was sold without processing for road fill, base course, 
and subgrade in highway construction for as little as 36 cents a ton. 

Indicative of more exacting specifications, washed, screened, or 
otherwise processed material comprised 90 percent of commercial sand 
and gravel production and sold for an average of $1.17 per ton. Sixty- 
nine percent of Government-and-contractor production, with an aver- 
age value of $0.85 per ton, was prepared. 
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FIGURE 2.—Sand and gravel sold or used in the United States, 1940-61. 
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TABLE 5.—Sand and gravel sold or used by Government-and-contractor producers 
in the United States,’ by uses | 


(Thousand short tons and thousand dollars) 


Sand 


Gravel Total Govern- 
ment-and- 
contractor sand 
Building Paving Fill Other and gravel 


Quan- | Value | Quan- | Value | Quan- |Value|Quan-| Value] Quan- | Value 
tity tity tity tity tity 


1952-56 (average) 8,810 | $5, 370 | 122, 443 | $64, 835 6 (2) 6 6 150, 401 | $80, 081 
Lr 7,857 | 5,560 | 130,908 | 83,7 1 6 2 3 165, 248 | 103, 777 
1954 A isusosaa 3,814 | 4.116 | 161,310 | 106, 432 (2) (3 € t 195, 204 | 127, 506 
1 5 s e se Ehe 10.387 | 6,882 | 144,525 | 100,308 | 2.719 | $789 20 14 | 195, 282 | 130, 067 
r 17,320 | 3 6,417 P 130,323 | 93. 859 |3 17,106 27,800 | 1631 | 522 186, 897 |' 131,022 
rc 6,480 | 9,372 | 148,572 | 109,155 | 13,510 4. 547] 677 | 493 | 212,229 | 152,017 


1 Includes possessions and other areas administered by the United States (1952-56). 
3 Data not available. 
3 Revised figure. 


Size of Plants.—A total of 2,044 plants, producing between 50,000 
and 500,000 tons per year, supplied 59 percent of production; 193 
operators of large plants (500,000 to more than 1 million tons) fur- 
nished 33 percent of production. 'Ten more plants than in 1960 pro- 
duced 1 million tons or more. 

Production Trends.—4A survey conducted by the Colorado Sand and 
Gravel Producers Association indicated that the supply of good, low- 
cost gravel in the Denver area would be exhausted in 1214 years at 
the 1961 rate of consumption. More than 50 percent of the land area 
with good gravel deposits had been built over. 

The Elmhurst-Chicago Co. installed what may be the last sand and 
gravel plant in the Chicago area. The deposit 1s in the path of many 
suburban developments and near a network of express highways. 
The plant was designed to be completely portable.* 

A well-illustrated publication of the National Sand and Gravel 
Association Committee on Public Relations showed methods used 
and results of land rehabilitation programs carried out by 10 sand and 
gravel producers.“ 

Methods of Transportation.-—Trucks moved 89 percent of the total out- 
put of sand and gravel. Rail shipments, which were 20 percent in 
1951, declined to a new low of 8 percent in 1961. Water transporta- 


4 „ It’s the End of an Era in Chicago. V. 64, No. 12, December 1961, 
pp. 90—94. 

5 National Sand and Gravel Association. Case Histories: Rehabilitation of Worked-Out 
Sand and Gravel Deposits. May 1, 1961, 82 pp. 
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TABLE 6.—Sand and gravel sold or used by Government-and-contractor producers 
in the United States, by types of producer 


(Thousand short tons and thousand dollars) 


1952-56 (average) 1957 1958 


Type of producer 


Quantity Value Value 


Quantity Value 


Construction and mainte- 


nance crews.........-.-.-.-- $24, 076 49, 770 $26, 314 
Contractors 70. 701 145. 434 101. 192 
Total........------.---- 103, 777 195, 204 127, 506 
¡JN A A 60, 120 123, 555 78, 676 
Counties. 23. 234 49, 329 29, 639 
Muntcipelitles................ 2, 547 2. 970 959 
Federal agencies 17, 876 19. 350 17. 232 


Value 

Construction and  mainte- 
mance crews . 2 52, 035 3 $31, 212 54, 030 $33. 194 
Contractors 2 134, 862 2 99, 810 158, 199 118, 823 
Pol!!! 3 186. 897 3 131, 022 212. 229 152, 017 
See... E E 3 110, 157 2 78, 227 127. 004 94. 111 
Counties. 56. 293 2 48, 563 2 31, 654 46, 932 30, 334 
Muntcipalitles................ i 2, 897 1, 755 6, 357 3, 335 
Federal agencies 25, 280 19, 386 31, 936 24. 237 
Tollos 2 186, 897 2 131.022 212, 229 152, 017 


Includes pons and other areas administered by the United States (1952-56). 
2 Revised figure. 


TABLE 7.—Sand and gravel sold or used by producers in the United States, by 
classes of operation and degrees of preparation 


(Thousand short tons and thousand dollars) 


1961 
Quantity Value 
Commercial operations: 
Pep AA ³ĩðW— ERR 483, 344 $567, 909 
Lippert ée eelere 22 56, 211 31,375 
Total ronca dle 539, 555 599, 254 
Government-and-contractor operations: 3 
at EEN 146, 244 124. 189 
Un prepared EG 65, 985 27, 828 
Toi ... TOR "M 212, 229 152, 017 
Grand total EE 751, 784 751. 301 


1 Revised figures. 
2 Includes operations by or for States, counties, municipalitics, and Federal Government agencies as 
follows—1960: 1,614 operations; 1961: 1,775. 
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TABLE 8.—Number and production of domestic commercial sand and gravel plants 
by size of operation 


1960 1961 
Annual production Plants ! Production Plants ! Production 
(short tons) — — 

Num- | Percent | Thousand | Percent | Num- | Percent | Thousand | Percent 

ber of total | short tons | of total ber of total | short tons | of total 
Less than 25,000. .... 11,672 335.5 2 16, 984 3.2 | 1,631 35. 1 16, 946 3.2 
25,000 to 50, 000 3794 16.9 3 28, 848 5.5 8 16. 7 28, 193 5.2 
50,000 to 100, 000 3 834 17.7 3 59, 952 11.5 825 17.8 58, 470 10. 8 
100,000 to 200,000..... 3 673 14.3 3 93, 763 17.9 692 14.9 97, 287 18. 0 
200,000 to 300, 000 309 6. 6 74. 870 14. 3 301 6. 5 72, 886 13. 5 
300,000 to 400, 000 145 3.1 50, 085 9.6 129 2.8 44, 204 8.2 
400,000 to 500,000 92 22.0 41, 005 7.9 97 2.1 43, 302 8.0 
500,000 to 600,000 64 1.4 34, 895 6.7 54 1.2 29, 313 5.4 
600,000 to 700, 000 29 .6 18, 652 3.6 34 7 21, 044 4.1 
700,000 to 800,000 22 .5 16, 420 3.1 21 5 15, 810 2.9 
800,000 to 900,000 15 .3 12, 702 2.4 16 3 13. 876 2. 6 
900,000 to 1,000,000... 12 -2 11, 392 2.2 15 3 14, 301 2.7 
1,000,000 and over 43 .9 63, 327 12.1 53 1.1 83. 023 15. 4 
Total 2 4,704 100. 0 3 522, 895 100.0 4, 646 100.0 539, 555 100.0 


s Includes a few companies operating more than 1 plant but not submitting separate returns for individual 
plants. 
3 Revised figure. 


tion was a major factor in the movement of sand and gravel along the 
ER River and its tributaries and around the Great Lakes, 
although it accounted for only 3 percent of the U.S. total. Off-the- 
road trucks increased in size, but use of oversized trucks on most 
highways was restricted by welght regulations. 

Reasons for declining use of rail transportation for moving sand 
and gravel were discussed from the viewpoint of a producer.* 

Because of a local shortage of fill material, 3 million cubic yards of 
bank-run sand and gravel was hauled by rail 70 miles from pit to 
roadbed on the Massachusetts Interstate Highway Project." 


TABLE 9.—Sand and gravel sold or used in the United States, by classes of 
operation and methods of transportation 


1960 1961 


Thousand Percent | Thousand Percent 
short tons of total short tons of total 


— — — | ee —f—ͤfäͤ — — 


Commercial: 
gu EE 1 436, 091 62 460, 131 61 
Rail ege e 61, 962 9 56, 184 8 
Water WAY —— é 23, 457 3 22, 227 3 
Unspecified AA 1, 385 (2) 1,013 (1) 
Total commercial. ......-.....--.--.-.-.-..------ 1 522, 895 74 539, 555 72 
Government-and-contractor: Truck /.. 1186. 897 26 212, 229 28 
Gate 1709, 792 100 751, 784 100 


1 Revised figure. 
* Less than 0.5 percent. 
3 Entire output of Government-and-contractor operations assumed to be moved by truck. 


* Brady, Charles E. Sand, Gravel Transport by Rall. . . Soon to be Only a Memory? 
Pit and Quarry, v. 53, No. 12, June 1961, pp. 124-125. 

7 Construction Methods and Equipment. Trains Move Earth 70 Miles for Highway Fill 
in River. V. 43, No. 10, October 1961, pp. 86-88. 


659873—62—_69 


1082 MINERALS YEARBOOK, 1961 


Conveyors.—Multiple units of conveyor belts were used to move ma- 
terial through the various stages of processing. In many plants 
conveyor belt installations were controlled automatically. 

Employment and Productivity. A verage output per man per hour was 
7.4 tons, the same as in 1960. In 1951 average production was 5.0 
tons per man hour. 


TABLE 10.—Employment in the commercial sand and gravel industry and average 
output per man in the United States in 1961, by States’ 


Employment Production 
Time employed 
State 
Average Man-hours 
number | Average 
of men | number | Total man 
of days shifts 
Alabama 507 252 127, 697 8.6 | 1,095, 906 38.5 4.5 
53 51 87 4, 421 8.7 38. 432 ki 142.3 16.4 
pv eee 830 252 209, 323 7.7 | 1,610,360 | 10, 283, 300 49.1 6.4 
Arkansas 607 250 151. 763 8. 6 1, 308, 828 5, 932, 849 39.1 45 
California......... 4, 658 229 | 1,067,154 8.1 660, 789 | 86,045, 789 80.6 9.9 
Colorado. ......:.= 581 192 111, 832 8.6 956,780 | 9,382, 7 83.9 9.8 
Connecticut 364 230 83. 743 8.2 688, 074 5, 669, 257 67.7 8.2 
Delaware 70 195 13. 638 8. 4 114.011 961, 329 70.5 8.4 
iyo, REA 348 266 92, 704 8.7 810,968 | 5,943, 735 64. 1 7.3 
2 352 271 95. 542 8. 0 761,759 | 3, 149, 846 33.0 4.1 
10 00 EES 43 99 4, 265 8.0 84, 126 335, 628 78.7 9.8 
NE — 227 140 31, 795 8.1 257,758 | 2,197,676 09. 1 8.5 
(000 AN 1, 889 224 422, 209 8.4 | 3.531 008 | 30,515. 731 72.3 8.6 
3 1. 040 244 253, 464 8. 6 2,186, 482 | 19, 108, 045 75.4 8.7 
8 870 209 181, 665 9.2 1, 674. 755 | 10, 154, 160 55.9 6.1 
Kansas 624 223 139, 381 9.0 | 1,248, 223 | 8, 074, 428 54. 4 7.2 
Kentucky......... 434 28A 123, 454 8.9 1. 099, 371 5, 349, 214 43.3 4.9 
Louisiana ......... 1, 081 270 291, £65 8.8 2, 551. 385 | 11. 782, 912 40.4 4.6 
[OEE 253 164 41. 572 8.5 352, 037 2, 274, 771 54.7 6.5 
Maryland......... 867 254 219, 972 8.7 1, 904, 118 | 12, 230, 110 55.6 6.4 
Massachusetts. 885 197 174, 087 8.1 1, 416. 951 | 12, 614, 169 72.5 8.9 
Michigan.......... 1, 915 227 434, 660 8.8 3, 803, 947 | 39, 667, 614 91.3 10. 4 
Minnesota........ 1, 970 145 286,040 9.0 2, 571, 179 | 19, 109, 468 66.8 7.4 
Mississippi 351 253 88, 648 8.7 768. 37 5, 536, 088 62.5 7.2 
Mäzen Kee 677 224 161, 410 8.8 1, 338, 350 8, 743, 030 57.8 6.5 
Montana.......... 245 166 40, 554 8.0 325,725 | 2,121, 943 52.3 6.5 
Nebraska.......... 749 212 159, 114 9.2 1, 457. 008 9, 099, 100 57.2 6.2 
Nevada 203 154 31, 230 8.0 249,766 | 2, 635, 424 84.4 10. 6 
New Hampshire... 118 207 24, 404 8.7 213.358 | 1,924, 124 78. 7 9.0 
New Jersey 1, 049 246 258, 211 8.3 | 2,153,388 | 12, 246, 210 47.4 5.7 
New Mexico. ..... 305 185 56, 275 8.1 456, 526 4, 110, 800 73.0 9.0 
New York... ` 1, 811 211 382, 677 8.4 3, 227, 800 | 25, 328, 927 66.2 7.8 
North Carolina 573 219 125, 209 8.8 | 1,097,682 | 6,314, 235 50. 4 5.8 
North Dakota..... 178 160 28,557 8.5 241, 819 L 719, 100 60.2 7.1 
6 2 392 224 535, 167 8.2 4, 409, 778 | 32, 536, 018 60.8 7.4 
Oklahoma 298 249 74, 337 8.7 644,250 | 4,029, 263 54.2 6.3 
WC —— 705 216 152, 629 7.6 1, 165, 343 6, 477, 032 42.4 5.6 
Pennsylvania 1, 392 211 204, 197 8.4 | 2. 475,592 | 12, 504, 123 42.8 5.1 
Rhode Island 132 208 27. 391 RO 220, 227 1, 686, 281 61.6 7.7 
Bouth Carolina.... 231 244 56, 256 8.1 456,277 | 2,808, 760 51.0 6.3 
South Dakota 871 164 60, 707 9. 1 551, 761 4, 125, 700 68.0 7.5 
ennessee......... 563 258 145, 140 8.3 1, 208, 724 5, 575, 682 38.4 4.6 
` ` DT ee 1, 847 247 456, 282 9.5 | 4,331,013 | 23, 271, 668 51.0 54 
eae 300 237 71, 172 8.0 572,557 | 7,919,900 | 111.3 13.8 
2 119 197 23. 410 8. 5 108, 454 919, 839 39.3 4.6 
Visginia.... 2o? 654 254 166, 354 8.7 | 1,439,960 | 9,567, 940 57.5 6.6 
Washington 801 178 143, 128 8. 2 1, 180, 066 | 11, 526. 436 80.5 9.8 
West Virginta..... 529 204 107, 946 8.8 047,462 | 4,881, 500 45.2 5.2 
o TOO 1, 512 196 295, 871 9.0 2. 653, 653 | 22. 498, 147 76.0 &.5 
Wyoming......... 196 176 34, 572 8.0 276,875 | 2,009,300 590.9 7.5 
Total. 38,770 221 | 8,552, 974 8.5 | 72, 941, 441 1539, 554, 893 63.1 7.4 


1 Excludes operatione by or for States, counties, municipalities, and Federal Government agencies, AN 
employment data are . 
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CONSUMPTION AND USES 


Construction Uses, Including Ballast.—Increased consumption of sand 
and gravel was attributed to increased expenditures for public 
highways and private nonresidential construction. Total new con- 
struction put-in-place advanced to a new peak of $57.4 billion, a 
3-percent increase over 1960. Demand for thicker highway base 
courses to support the weight and volume of modern traffic increased 
use of sand and gravel for road fill. 

Industrial Sands.—Consumption of industrial sand, including ground 
sand, decreased 283,000 tons. Minor increases were reported for 

inding and polishing sands, furnace sand, and glass sand. Pro- 

uction of oil sand increased 69 percent. 


PRICES 


Average value of total sand and gravel output at producer plants, 
both commercial and Government-and-contractor operations, was $1.00 
r short ton, compared with $1.01 per ton in 1960. Average value 
or commercially produced sand an vel was $1.11; that for Gov- 
ernment-and-contractor was $0.72. e price of construction sand in 
December 1961 (average price in 20 large cities) was $2.32 per ton, 
compared with $2.36 per ton reported for the same period in 1960.° 


MILLION SHORT TONS 
25 


Miscellaneous 
Ex Grinding and polishing sand 
ssl Engine sand 


i Glass sand 
SS Molding sand 


e d Si 


1940 1945 1950 1955 1960 1965 
FIGURE 3.—Production of industrial sands in the United States, 1940-61. 


s Construction Review. Construction in 1961. V. 8, No. 8, March 1062, pp. 5, 9. 
e Engineering News-Record. V. 168, No. 2, Jan. 4, 1962, p. 62. 
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TABLE 11.—Ground sand sold or used by producers in the United States,’ by uses 


1961 


Use 


Pottery, porcelain, and tile 
e 201. 668 1, 914, 343 


AA ĩ 2 979, 499 3 8,001, 473 


! Arkansas, California, Colorado, Georgia, Illinois, Louisiana (1960 only), Massachusetts, Michizan, 
Minnesota, Missouri, Nebraska (1961 only), New Jersey, Ohio, Oklahoma, Pennsylvania, Texas, Virginia, 
Washineton. and West Virginia. 

3 Revised figure. 


FOREIGN TRADE " 


- Tonnage of ordinary sand and gravel entering foreign trade is small 
in oe with the total annual production and is confined chiefly 
to the Mexican and Canadian borders. High-purity sand for manu- 
1 08 glass and silicon carbide, and for foundry uses was exported 
to Canada. 


TABLE 12.—U.8. imports for consumption of sand and gravel, by classes 


Sand, n.s.p.f., crude 
or manufactured 


Year 


Short Value 
tons 


Value 


1952-56 (average).... 


3 $362, 365 350, 198 | 3 $526, 875 
IT ds 3 437, 114 305, 840 1. 080. 130 
198889... 485, 553 331, 995 716, 495 
1959.2... 5252-2 ti 463, 589 451, 310 647, 970 
196]... eoo do Eu eres 515. 837 , 190 558. 371 
pj e 440, 759 378, 294 456, 


! Classification reads: ‘‘Sands containing 95 percent or more silica and not more than 0.6 percent oxide 
of iron and suitable for manufacturing glass.“ 

3 Consists mainly of synthetically prepared silica from West Germany for specialized uses and is not 
comparable in value to ordinary glass sand. 

3 Data known to be not comparable with other years. 


Source: Bureau of the Census. 


WORLD REVIEW 


Belgium.—Provisional production estimates for 1961 were 3,700,000 
short tons of dredged gravel, 1,311,000 tons of glass sand, and 2,990,- 
000 tons of construction sand." | 


19 Figures on imports and exports compiled by Mne B. Price and Elsie D. Jackson. DI- 
vision of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 

4 U. S. Embassy, Brussels, Belgium. State Department Dispatch 942, Apr. 19, 1962, p. 2. 
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Canada.—Quartz and silica sand production in 1960 amounted to 
2,235,795 short tons, valued at Can$3,322,824. Exports of quartzite, 
mostly to the United States for production of ferrosilicon, dropped 
from 147,412 tons in 1959 to 13,057 tons in 1960.” 

Japan.—Production of high-grade sand in 1961 was 1,317,000 short 
tons compared with 1,210,000 tons in 1960.!5 

Norway.—Production of quartz increased to an estimated 385,809 
short tons in 1960; 27,558 tons more than in 1959. The increased out- 
put was due to demand for ferrosilicon.” 

Peru. According to E figures, production of sand and 
gravel totaled 860,000 short tons in 1960, compared with 849,000 tons 
in 1959.15 

Philippines.—Silica sand production of 97,405 short tons in 1960 was 
2.5 times the amount produced in 1959. The increase in production 
was caused partly by demand for silica by Republic Glass Corp. which 
began producing sheet glass in 1960. Average price for this sand was 
US. $27.50 per ton.!* 

Puerto Rico.—Del Rio Sand and Gravel Corp. opened a plant to pro- 
duce 115 cubic yards of gravel, sand, and thin gravel per hour. De- 
posits from the Loiza River were to be utilized. Daily aggregate 
capacity was expected to be about 2,450 cubic yards.“ 

Sweden.—Exports of quartz sand in 1960 were 37,596 short tons 
valued at U.S.$121,041. Other forms of quartz or quartzite reported 
were 92,973 tons valued at U.S.$373,834 and 13,929 tons of crude 
block quartz valued at U. S. 579, 533.18 


TECHNOLOGY 


General. Panel discussions, conducted during the 1961 Annual Con- 
vention of the National Sand and Gravel Association, dealt with the 
problems of exploring and prospecting, operating in winter, removing 
trash, jigs, heavy-medium separating, and screening.“ 

Mixtures for grouting foundations which could be used without un- 
favorably affecting pumping were discussed. Fine material used in 
these mixtures included naturally rounded sands from Mississippi, 
limestone sand from Tennessee, and a sand manufactured from trap 
rock. Among other conclusions it was determined that a rise in the 
percentage of minus 100-mesh material permitted an increase in the 
quantity of sand pumpable and manufactured sands could be pumped 
profitably. 7° 

The first portion of a three-part bulletin on occurrences of sand and 
gravel deposits in California covered location, extent, geology, and 
status of economic development of deposits in 17 counties in Northern 


1 Collings, R. K. Silica, Review 51. Canadian Miner. Ind.—1960 (Preliminary), 9 pp. 
13 U.S. Embassy, Tokyo, Japan. State Department Dispatch 820, 1855 14, 1962, p. 6. 
14 Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, p. 56. 
b U.S. Embassy, Lima, Peru. State Department Dispatch 659, May 12, 1961, P 1. 

16 U.S. Embassy, Manila, Philippines. State Department Dispatch 728, May 26, 1961, 


p. 75. 
17 The San Juan Star. San Jnan, Puerto Rico, May 29, 1961. 
ae Embassy, Stockholm, Sweden. State Department Dispatch 407, Nov. 18, 1961, 


p. 1. 
19 National Sand and Gravel Association. Operating Problems in Sand and Gravel 
Production. NSGA Cire. No. 8, April 1961, 38 pp. 

WEE ee 4 J. M. do on Grouting; Investigation of Sand-Cement Grouts. 
Proc. Am. Soc. Civ. Eng., 1961, No. 87 (SM2), pp. 83-93. 
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California. Data on individual deposits, including results of labora- 
tory tests, were reported, and a list of producers was included. * 

se of precoated gravel for surface dressing bituminous paving 
was particularly effective in overcoming difficulties caused by strip- 
ping or loose chipping.” 

Possible lines of research were suggested to determine effects of 
impurities such as shale and soft particles upon performance of aggre- 
gates in concrete. * 

The 1960 revision of the original British Standard for sampling 
and testing mineral aggregates, sands, and fillers specified methods 
for sampling, classifying, and testing these materials. It also classi- 
fied stone according to petrological characteristics and included a 
glossary of rock names. Tests covered methods for determining 

article size and shape, absolute and apparent specific gravities, bu 

ensity, absorption, and physical properties such as resistance to 
impact, abrasion, and olishing. 34 

Plant Equipment.—Àn Ohio River sand and gravel producer in- 
creased output 200 to 300 percent by installing a new dredge with a 
hydraulic cutter head. Design of the cutter head allowed the dredge 
to dig into islands 5 bypassed by bucket dredges. The bene- 
ficiation plant removed tras and fines and was sufficiently flexible to 
E 11 sizes of gravel to meet Ohio specifications and 14 sizes for 

est Virginia specifications. 2 

A floating dredge with a jib-mounted grab bucket was developed to 
mine sand and gravel at a depth of 100 feet from the Darent River in 
Kent, England. 

Processing Equipment.—Rubber-lined wet cyclones were used to ex- 
tract clay, silt, and other finely divided solids from waste wash 
water at a California sand plant. The clarified water was then 
pumped to settling ponds for reuse in the washing circuit.?“ 

A patent was issued for a vibrating feeder, which combined scalp- 
ing and feeding in one operation to insure against large stones or 
particles hanging and clogging the mechanism.“ 

An improved nonreticulating wire screen for vibratory screening 
of sand and gravel was described. Wires were individually tensioned 
and feed of material was along, not across, the wires. ?? 

A Mid western producer of sand and gravel removed cohesive clay 
balls with a double roll crusher whose Cal were rubber coated. The 
rubber was hard enough to break down the clay without crushing sand 
or fine gravel. 3° 


£2 Goldman, Harold B. Sand and Gravel in California: Part A—Northern California. 
California Div. of Mines, Bull. 180—A, 1961, 38 pp. 

* Jarvis, H. W. Surface Dressing with igh-Vircosity Tar and Pre-Tarred Flint 
Gravel. Cement, Lime, and Gravel, v. 36, No. 9, September 1961, pp. 266-267. 

ss Jordan, J. P. R. Problems Associated with Research on Aggregates. Chem. and Ind. 
(London), No. 9, Sept. 30, 1961, pp. 1542-1546. 

* British Standards Institution (London). British Standards 812. 1960, 84 BP. 

* Wakley, James T. How One Dredge Doubled Our Aggregate Production. t and 
KA v. 54, No. 2, August 1961, pp. 98-102. 

s Mine and Quarry Engineering. Winning Sand and Gravel by Floating Grab. V. 27, 
No. 11, November 1961 pb: 484-491. 

7 Utley, Harry F. et Cyclones Minimize Water Requirements at New Kaiser Sand 
Plant. Pit and Quarry, v. 53, No. 10, April 1961, pp. 152-154 


3 Behnke, G. W., and R. G. Westcott (assigned to Simplicity Engineering Co., Durand, 
Mich.). Grizzly Feeders. U.S. Pat. 2,974,795, Mar. 14, 1061. 
æ Ball, B. (assigned H. rr v Ltd., Hertford, England). Metal Openwork 


: {gn to 
Screens. U.S. Pat. 2,983,381, Mag 9, 1961. 
„ Rock Products. Hints and Helps—Clay Crusher. V. 64, No. 6 June 1961, p. 88. 
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Use of a jig for beneficiation enabled a California producer to re- 
move heavy sandstone and shale from a deposit and thus meet strin- 
gent State specifications for road aggregate. About 23 percent of 
the total feed was rejects which were marketed for fill.“ 

Processes and equipment used for cleaning both coarse and fine 
aggregates were described in detail. * 

combined operating facility consisting of four units was built by 
a California producer to process river sand for sand blasting, clay, 
roofing rock, and foundry sands.* 

Heavy-Medium Plants.—Installing a heavy-medium plant enabled a 
California producer of river aggregate to remove shale and soft sand- 
stone and thus produce a premium product for Vandenberg Air Force 
Base. Soft porous rock in the float fraction was found to be market- 
able for walks and driveways.** 

Calculations necessary to determine economic feasibility of installing 
heavy-medium beneficiation plants for sand and gravel were explained 
and illustrated by charts and flow sheets.*5 

At the Glen Canyon Dam project on the Colorado River 1,400 tph 
of aggregate was required to furnish processed material at the rate of 
850 tph. Five untreated sizes of aggregate were produced, and three 
sizes were prepared by heavy-medium separation. The reject material, 
amounting to nearly 40 percent, consisted chiefly of soft sandstone 
unsuitable for concrete aggregate.** 

Portable Plants.—A completely portable screening and washing plant 
was constructed by a Denver operator to mine at sites having a limited 
life. The plant usually operated in one deposit for 3 or 4 months. 
Disassembly, moving, and reassembly took less than 1 week ag 

Vertical Sand Drains.—The Newark Bay Pier Development project 
in New Jersey used 40,000 lineal feet of sand drains on the 700-acre 
site. An ocean-going self-loading and unloading dredge supplied sand 
both for fill and drains.** 

The Capital Beltway Interchange in Northern Virginia required 
187,000 lineal feet of sand drains. Depth of muck in the sand drain 
area ranged from 15 feet to 30 feet. Sand for the drains was pumped 
from a borrow pit, and backfill overload material was pumped 114 
miles from the Potomac River. 

Patents.—A patent was granted for a proce of preparing a non- 
clogging filter sand for spinneret assemblies. The method used com- 
mercial sand and removed binder material by successive treatments 
with 10 to 30 percent hydrochloric acid and 10 percent caustic solution 
to leave single sand grains of substantially uniform size.“ 

m Bergstrom, John H. Pennies Save Dollars for Mission Rock. Rock Products, v. 64, 
No. 6. June Orr: 96-99. 

2 Hudson, L. . Methods of Cleaning Aggregate by Washing. Cement, Lime and 
Gravel, v. 36, No. 7, July 1961, pp. 204-215. 

33 Oliver, Robert K. A New and Unique Concept of Modern Mineral Manufacturing. 
Mines Mag., v. 51, No. 8, August 1961, np. 14—18, 24. 

% Bergstrom, John H. HMS Meets Space-Age Challenge. Rock Products, v. 64, No. 9, 
September 1961, pp. 82-85. 

uff, H J. ense Media Separation as Applied to Aggregate Preparation. Quarry 
MG 45, No. 6, June 1961, pp. 228-234. ; 

ewitt-Robins News of Industry. Hewitt-Robins Helps Build Glen Canyon Dam. V. 
T, No. 1, Spring 1961, pp. 3,5. 

* Bergstrom, John H. All-In-One Washing Plant Hits the Road. Rock Products, v. 
* b construction Me 80% and Equipment Contractors Turn Swamp into $150 Million 
Marine Terminal. V. 43, No. 10, October 1961, iones 


ehnke, Wallace P., and Arthur J. Herrman ed to E. I. duPont de Nemours 
& Co., Ine.). Process for the Purification of Sand. U.S. Pat. 2,984,546, May 16, 1961. 
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A method for improving soil resistance of regenerated cellulose was 
atented. It comprised mixing an aqueous suspension of silica with a 
ydrolizable, acidic, multivalent, metal salt from the group consisting 

of zinc, magnesium, aluminum, and ferric and cupric salts; passing 
the cellulose through the bath; and drying the cellulose to retain the 
silica particles.“ 

A process for preparing a hydrocarbon conversion catalyst from 
silica and hafnium oxide was described.“ 

A patent was granted for a method of making a self-bonding coated- 
8ilica-sand product for use in metal casting.* 

The SEI range of colloidal silicas was extended by substituting 
alumina for silica on the surface of silica spheres. These silicas were 
used as binders for inorganic fibers, ceramic products, paper, and for 
increasing the coefficient of friction of floor polishes.* 

A 40-inch deep bed of silica gel was used at the U.S. Air Force 
Arnold Engineering Center in Tennessee to dry air for its supersonic 
E Over 1 million pounds of the desiccant was required for two 

g, 1 

Glass.—An alumino-silicate optical glass was developed that retained 
its strength at temperatures as high as 220° Ca 

Low-density hollow glass spheres were combined with various plas- 
tics to make articles for electronic parts and for high-frequency radio 
transmitters. Using these spheres made the articles more rigid and 
less flammable.“ 

Plastic-reinforced fiber glass tapes were used to replace steel wire 
in winding armature coils. Using these fiber glass tapes cut down time 
required to build and repair large armatures and eliminated problems 
of conduction and hysteresis loss. The tapes had extremely high ten- 
sile strength.“ 

Foundry Sands.—A pneumatic system was used at the Electric Boat 
Division of General Dynamics Corp., Groton, Conn., to unload mold- 
ing sand from boxcars. The blower, operated by one man, emptied 
a carload of sand in 7 to 9 hours. Formerly this operation required 
32 to 55 manhours.“ 

An air-conveying system, which used both suction and pressure for 
conveying foundry sand, was described. It was stated that this sys- 
tem could deliver sand anywhere in a foundry to which a pipe could 
be run, that the system was dustproof and waterproof, and that there 
was no spillage of sand.*? 


* Schappel, Joseph W. (assigned to American Viscose Corp.). Production of Soll-Re- 
sistant Material. S. Pat. 2.999.774. Sept. 12, 1961. 

*! Plank, Charles J., and Edward J. Rosinski (assigned to Socony Mobile OU Co., Inc.). 
Manufacture of a Silica-Hafnia Catalyst for Conversion of Hydrocarbons. U.S. Pat. 
2.006.448, Aug. 14, 1961. 

933 Benn, Xnriffa L. (assigned to Morris Bean & Co., Yellow Springs, Ohio). Coated Sand 
and Method of Making. U.S. Pat. 2,991,267, July 4, 1961. 

“Chemical and Engineering News. Aluminum Stabilizes Colloidal Silica. V. 39, No. 
40, Oct. 2 1ST, p: 69. 

“ Chemical and Engineering News. News Focus. V. 39, No. 43, Oct. 23, 1961, p. 131. 

Chemical Trade Journal and Chemical Engineer (London). Alumino-Silicate Glass. 
V. 148, No. 3853, Apr. 7, 1961, R 776. 

“Chemistry. Glass Makes Plastics Lighter. V. 34, No. 8, end 1961, PP 2-21. 

4t TTA Industry. Armature Banding: Fiber Glass vs. Steel. V. 43, No. 1, Janu- 
ary . p. 3. 

Foundry. Pneumatic Sand Unloader. V. 89, No. 7, July 1961, pp. 128-129, 

* Zimnawodn, H. W. Sand Handling by Air Conveyor. Foundry, v. 89, No. 4, April 
1961, pp. 76-80. 
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Performance of molding sands (green, dry, and at high tempera- 
tures) was found to be closely related to the intergranular bond, phys- 
ical properties, and surface area of the aggregate, particle size and 
packing, and number and size of voids.*? 

Fundamental factors in sand control for foundries were discussed. 
Relationships between screen analysis, clay content, metal-pouring 
rates, water content, permeability, and combustible material were 
illustrated.“ 

Methods were developed, using a neutron probe and detectors, 
by which the moisture content in foundry sand could be determined 
with an accuracy of +0.05 percent at the 3- percent level. 

A somewhat similar nuclear gaging system for controlling moisture 
was developed for the Danville, Ill., plant of the Central Foundry 
Division of General Motors Corp.“ 

A process for producing a resin-impregnated shell-molding sand 
that was free-flowing and nondusting was patented. 

A survey indicated how much Cana ian foundries had effected 
better control of sand properties by changing from natural to syn- 
thetic molding sand.“ 

Procedures required for conversion from natural foundry sand to 
synthetic sand were itemized by a Connecticut foundry. Synthetic 
sand used at this plant consisted of AFS 150 (Amer. f'oundrymeén's 
Society grain fineness number) clay-free, washed, and dried sand, 
6.5-percent Mississippi bentonite, 0.5-percent wood flour, and 3.5- to 
4.2-percent water. At a 2-percent conversion rate the changeover re- 
quired 145 working days.** 

Special Silicas—Improved light bulbs were produced by a method in 
which silicon tetrachloride and hot steam were reacted to form a uni- 
m and stable film of silicon dioxide upon the inner surface of the 

8.57 

After 8 years of research, General Electric Co. produced an ultra- 
pur grade of fused quartz from domestic silica sands. Until this 

iscovery silicon dioxide of the required quality was imported from 
Brazil and Malagasy.** 

A method was patented for preparing a silica pigment that could be 
dispersed in a rubbery composition.** 

dry-grinding system was used at an industrial sand plant in Eng- 
land to produce fel par-free sand for manufacturing sodium silicate ; 


s Lawrence, Willis G. Factors Influencing Molding Sand Properties. Foundry. v. 89, 
No. 10, October 1961, pp. 61-67. 

a Schumacher, Joseph S. Be Your Own Sand Detective. Foundry, v. 89, No. 10, Oc- 
tober 1961, PE 78-81. 

53 Burlev, H. A., A. D. Block, and M. J. Diamond. Measuring Moisture Content of 
Foundry Sand. Metal Ind. (London), v. 99, No. 7, Aug. 18, 1961, pp. 122-124. 
i pel obs 18 Water Witching Upgrades Foundry Sand. V. 148, No. 13, Mar. 27, 

, Pp. S 

5 Bluestein, Jullus M. (assigned to Ford Motor Co., Dearborn, Mich). Process for 
Forming a Novalak Resin and Sand with an A-Stage Resin and Sand to Obtain a Shell 
Molding Sand. U.S. Pat. 2,999,833, Sept. 12, 1961. 

55 Murton, A. E. Canadian Nonferrous and Iron Foundry Practice Survey. Modern 
Castings, v. 37, No. 4, April 1960, PP. 198-208. 

56 Herrault, Andre, and Harry Heron. Converting From Natural Sand to Synthetic 
Sand. Foundry, v. 89, No. 9, September 1960, pp. 68-70. 

sr Technical Survey. Electrical, Electronic Developments. V. 17, No. 3, Jan. 21, 1961, 


. 92 : 
æ Allen, Edward M. (assigned to Pittsburgh Plate Glass Co.). Process for Preparing 
Silica Pigment. U.S. Pat. 3,010,791, Nov. 8, 1961. 
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a glass sand 100 percent minus 16 British Standard Sieve mesh 
analyzing less than 0.03 percent; FeO, and a silica flour for scouring 
powder.“ 

A two-stage sand processing plant was set up to prepare oil-well 
fracturing sands from deposits at Voca, Tex.“ 

The method of preparing activated silica for use as a coagulant aid 
in water treatment was described. This type of silica acts as a nucleus 
for starting coagulation action and so promotes rapid formation and 
ag CC of the resultant flocculate, which entraps suspended and 
colloidal impurities in the water.” 


© Mine and Qua Engineering (London). Sand Preparation at Moneystone Quarry. 
V. 27, No. 7, July 1961, pp. 296-305. 
i a ru ang Quarry. Silica Sand Plant Built to Supply Texas Oil Wells. V. 53, No. 12, 

une , p. 85. 

*3 Aitken, Tan M. E. Sodium Silicate In Water Treatment. Chem. Trade J. and Chem. 
Eng. (London), v. 149, No. 3877, Sept. 22, 1961, pp. 627-628. 


Silicon 


By H. Austin Tucker,! Gertrude C. Schwab,“ 
and Hilda V. Heidrich ? 


En 


HE OUTPUT of domestic polycrystal high-purity silicon declined 
Ti: 1961 for the first time since 1956 because of decreased demand 
and technological improvements. Unit values of polycrystal silicon 
continued the downward trend begun early in 1960. Single-crystal 
Pome also decreased, but the unit value increased because pro- 
ucers upgraded the product by slicing more rods into wafers and 
by epitaxially depositing doped coatings on part of the wafers. The 
term “epitaxially depositing” means to deposit axially upon a single- 
crystal substrate a layer of the same material that extends the sub- 
strate's single-crystal structure. 

Metallurgical silicon and silicon alloy production and shipments 
declined in 1961, largely because of drastic declines in consumption 
of silvery pig iron. However, other alloys of silicon, and metallur- 
gical silicon showed gains in 1961 for both output and shipments. 

In 1961, for the first time, the Bureau of Mines collected data on 
metallurgical silicon from prime producers and publishes it together 
with high-purity silicon data in this separate Minerals Yearbook 
chapter. High-purity silicon data in 1960 appeared in the “Silicon 
(High-Purity)” chapter and before 1960, in the “Minor Metals" chap- 
ter. Metallurgical silicon and silicon alloy data may be found in the 
“Ferroalloy” chapter before 1961. 


DOMESTIC PRODUCTION 
HIGH-PURITY SILICON 


In 1961, high-purity silicon producers made 27,568 kilograms of 
polycrystal silicon and 7,429 kilograms of single-crystal silicon, 20 and 
15 percent less, respectively, than in 1960. Significantly, production of 
the highest grade of polycrystal silicon, 50 to over 100 ohm-centi- 
meters (ohm cm), increased 58 percent over that in 1960, Production 
of the 25- to 49-ohm cm grade decreased 77 percent. These changes 
reflect a trend toward the use of the best grade of silicon. The drastic 
changes in production and shipments of both polycrystal and single- 
crystal high-purity silicon are graphically shown in figure 1. 

Dow Cornin Co . completed expansion plans with a new produc- 
tion plant at Hemlock, Mich. Merck & Co., Inc., increased its facility 
at cone Pa., for producing single-crystal slices and epitaxial 
wafers. 


1 Commodity specialist, Division of Minerals, 
5 Statisti assistant, Division of Minerals. 
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POLYCRYSTAL 
THOUSAND KILOGRAMS 


Production 


4 
131. 0. 2nd. O.  3rd.Q. 


SINGLE-CRYSTAL 


THOUSAND KILOGRAMS 
2.3 


2. 


Production 


1.5 


\ 


Shipments 


1.3 
4th.Q. ist.Q. 2nd.Q 3rd.Q. 4 th. O. 


FIGURE 1.— Quarterly changes in production and shipments of high-purity silicon 
in the United States in 1961. 


Producers of high-purity silicon in 1961 and their plant locations 


were as follows: 


Company: Plant location 
Allegheny Electronic Chemicals Co- Lewis Run, Pa. 
Dow Corning Ku E Hemlock, Mich. 
E. I. du Pont de Nemours & Co., Inc Brevard, N.C. 
International Metalloids, Ine Toa Alta, Puerto Rico. 
Kemet Co. (division of Union Carbide Corp.) Cleveland, Ohio. 
Mallinckrodt Chemical Works St. Louis, Mo. 


Merck & Co., Ine 


JJ ³ĩð2³ AA EE Danville, Pa. 


Monsanto Chemical Co 2222222222222 St. Charles, Mo. 
Sylvania Electric Products, Inc..............- Towanda, Pa. 
Texas Instruments, Ine 222222222 Dallas, Tex. 
Trancoa Chemical Corp 222222222 Reading, Mass. 


METALLURGICAL SILICON AND SILICON ALLOYS 
In 1961, metallurgical silicon was produced by 6 firms in 10 plants 


as follows: 
Company: 


Plant location 


Keokuk Electro-Metals Co., division of Vana- Wenatchee, Wash. 


dium Corp. of America. 


National Metallurgical Corp., subsidiary of Springfield, Oreg. 


Apex Smelting. 


Ohio Ferro-Alloys Corp.......-....--.--...--- Brilliant, Ohio. 
AA a ⁵ ⁵⁵ 88 Philo. Ohio. 
A ot ³⁰⁰ 88 Powhatan Point, Ohlo. 
/ AAA eee Tacoma, Wash. 
Pittsburgh Metallurgical Co.............---..- Charleston, SC 
WO SE Niagara Falls, N.Y. 


EE Sheffield, Ala. 


Union Carbide Metals Co. (division of Union Alloy, W. Va. 


Carbide Corp.). 
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TABLE 1.—Production, shipments, value, and stocks of high-purity silicon in 
the United States’ 


1961 


1960 


Stocks Stocks 
aso Shipments as of 
Type and grade Dec. 31,| Produc- Dec. 31, 
(resistivity, ohm cm) 1959 


(kilo- | Quan- | Value 
grams)|grams)| tity | (thou- 

(kilo- | sands) 
grams) 


MOERS and positive: 


to over 100........... 2,302 | 11,001 | 10,196 | $4,514 | 4,170 | 17,411 | 14,185 | $3,417 4, 824 
c 1,24 | 13,028 | 11,350 | 3,851 | 2,709 | 2,952 | 3,611 681 1, 109 
e 1,451 | 4,690 | 4,267 | 1,216 | 1,386 (3) 2, 832 433 (3 
Solar and other 7 | 5,550 | 6,397 | 1,317 834 (3) 5, 496 830 OI 

KR EE 5, 654 | 34, 267 | 31,210 | 10,898 | 9,099 | 27,568 | 26,124 | 5,361 8, 237 


SINGLE-CRYSTAL SILICON 


Negative: 
o A 8 (4) P LV » 1,669 |54,587 | § 4,015 85. 031 2, 222 
IT AAA 8 (4) (4 4) (4 83 | 61,204 | 1. 105 | * 2,875 31 
"Tothll.. 2i: 20250 22 (4) (4) (4) (4) 1,752 | 5,791 | 5,210 | 7,906 2, 253 
Positive: 
HOGS A (d ($) (4) Lë 462 (3) (3) ) 8 
Blices................... 4 (4) (4) 4 32 (3) (3) 3) 
Je BEE (4) (4) (0) (4) 494 | 1,638 | 1,404 | 2,454 651 
Grand total. 547 | 8,706 | 6,838 312, 027 | 2,246 | 7,429 | 6,614 | 10,300 2, 904 


1 Includes Puerto Rico. 

2 Revised figures. 

3 Figure withheld to avoid disclosing individual company confidential data. 

4 See 1960 Minerals Yearbook for detailed classification using another gradation. 
§ Includes infrared shapes. 

* Includes epitaxial wafers. 


Ferrosilicon was produced by most of these firms and by the re- 
mainder of the ferroalloy industry. A more complete list of silvery 
pig iron and ferrosilicon producers is given in the “Ferroalloys” 
chapter of the 1959 Minerals Yearbook. Table 2 shows the net pro- 
duction of silicon metal and its iron alloys. Net production was the 
gross production less the quantity of alloy used to make other alloys 
within the reporting plant. 


CONSUMPTION AND USES 
HIGH-PURITY SILICON 


Shipments of polycrystal silicon were 16 percent less than in 1960, 
and the total value of $5.4 million was only half that in 1960. Single- 
crystal shipments were down only 3 percent in quantity from those 
in 1960, although total value decreased 14 percent. Again in 1961, 
as in each E year, the electronic industry made more electronic 
devices from silicon. In 1961, industry fabricated 14 million transis- 
tors and 107 million diodes and rectifiers, compared with 8.8 million 
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TABLE 3.—Net production, shipments, and stocks of silvery pig iron, ferrosilicon, 
and silicon metal in 1961 


(Short tons, gross weight) 


Net Stocks as 
Alloy and percent of silicon contained production | Shipments | of 1801 31, 
Silvery pig iron: 
Blast furnace: 5-13 70, 264 103, 631 41,079 
Electric furnace: 14-20...... 3333 104, 187 111, 307 23, 482 
Ferrosilicon: 
OG EE AAA 182, 022 205, 071 . 847 
5% ³oÜ·Ü¹¹Üij ws dks conde EE 31, 624 34. 258 8. 7 
11öCöõöĩÄ5˙ TTT... 75,857 81,032 9,811 
BO ANS A A A 7,010 8, 357 1,916 
LEE EE 4, 288 6, 244 1, 398 
Silicon metal: 96- U eee ecce 41, 967 45,114 3, 191 
Ferrosilicon briquets: 40560 27, 111 26, 693 |............ 
Miscellaneous silicon alloy e 5,976 8, 120 6, 385 
Totál EEN 550, 306 629, 827 123, 855 


transistors and 80 million diodes and rectifiers in 1960. No data were 
available in either year on the number of solar cells and infrared 
optical shapes made. Prices of these devices in 1961 declined to al- 
most half those in 1960, and therefore, total values of sales were less, 
with transistors totaling $92 million compared with $100 million in 
1960, and diodes and rectifiers, $98 million compared with $126 million 
in 1960.3 


METALLURGICAL SILICON 


Table 3 itemizes the consumption of silicon metal and its alloys 
with iron. Most of the silicon metal was consumed in aluminum-base 
alloys (22,712 short tons), and most of the quantity reported under 
“Miscellaneous uses” (5,854 short tons) was consumed 1n the manu- 
facture of silicone products. The automobile industry used about 1 
million pounds of aluminum a day; most of this was alloyed with sili- 
con for engine castings. Seven kinds of compact cars had aluminum 
engines in 1961, and the millionth aluminum engine was produced 
late in November. Some aluminum alloy was hauled in a molten 
state 285 miles from Ravenswood, W. Va., to Defiance, Ohio, where 
it was cast into engine blocks and other auto parts. 

The most significant use change in 1961 was the decreased con- 
sumption of silvery pig iron, especially of the lower grade made in 
blast furnaces. This 19 was attributed to more stringent purity 
requirements in more heats of steel and to a lower price per pound 
of contained silicon in other ferrosilicons. 


STOCKS 


Stocks of polycrystal silicon at producers’ plants at yearend were 
9 percent less than those on hand at the beginning of the year; how- 
ever, single-crystal stock increased 29 percent during the same period. 


®Electronic Industries Association, Marketing Data Department. Facto Sales of 
Germanium and Silicon Semiconductor Diodes and Rectifiers. December 1960, pp. 5-8; 
as a Ve nn Ge A ld 
ectronic Industries Association, Marketing Data Department. Facto Sales of 
Transistor& December 1960, pp. 3, 4; December 1961, pp. 8, 9. id 
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TABLE 3.—Consumption by major end uses and stocks of silicon alloys in the 
United States in 1961 


(Short tons, gross weight) 


Gray 
Stainless] Other Carbon Tool Steel and 


Alloy and percent of silicon contained steels alloy steels steels mill mal- 
steels ! rolls lea ble 
castings 
Silvery pig iron: 
ra EE 1,163 1.099 EE 784 86, 569 
/ A AI EA, PROSA 4, 890 12, 755 |.........- 64 73, 245 
Ferrosilicon: 
21-654 EEN 5, 763 45, 741 73, 246 491 663 41,151 
er EE 237 11, 979 /// A 573 
A ĩͤ es 8, 521 15, 959 4, 568 86 7, 886 
81-89- EE EE 643 1, 707 1 52 2, 987 
y;... OA 14 3, 681 3 28 261 
Silicon metal: oë-00...... 22 26 44 24 | A A 235 
Ferrosilicon briquets: 40-50 6 323 298 |..... eae 15 22, 658 
Miscellaneous silicon alloys 245 4,972 7,390 55 105 8, 336 
TO NEE 14, 878 89,395 | 118, 403 1, 116 1,797 238, 901 


Alumi- High Other Miscel- Total Stocks 


Alloy and percent of silicon contained num- temper- non- laneous con- as of 
base ature ferrous uses sump- | Dec. 31, 
alloys alloys alloys 3 tion 1961 
Silvery pig iron: 
Jer TE y DE 8 1 89, 540 8, 728 
CC... y AAA EE 24 3 6, 688 97,666 13, 492 
Ferrosilicon: 
21-554; ᷣͤ A 35 178 1, 736 §9,304 | 178,308 23, 836 
er, AO EE A A. 661 34, 415 2, 712 
7) ͤ E . boone 39 19 6 3, 609 41, 540 5, 688 
ES. soc ee ee ee ³ĩÄͤ kee 8 37 10 b, 503 813 
HOD KEE 2, 429 402 53 7,049 743 
Silicon metal: 96-90 —‚—RP 22,712 171 492 7 5, 854 29, 559 2, 900 
Ferrosilicon briquets: 405 4 44 17 23,317 3, 585 
Miscellaneous silicon alloys *.............. 172 44 24 2, 114 18, 457 2, 285 
dy RARO T A T 25, 349 834 2, 370 32,311 | 525,354 04, 782 


1 Includes quantities of carbon steels because some firms failed to specify individual uses. 

3 Includes cutting and wear-resistant materials, welding rods, alloy hard-facing rods, permanent-magnet 
ay copper-base alloys, nickel-base alloys, electrical resistance alloys, anodes, and other nonferrous 
alloys. 
3 Mainly in high-silicon fron and to beneficiate iron ore. 

4 Mainly from 40 to 55 percent silicon. 

! Mainly to produce ferronickel. 

* Mainly in magnesium reduction, pig iron, etc. 

? Mainly In silicones and other chemical compounds. 

$ Includes calcium-silicon, calcium-manganese-silicon, silicon-manganese-zirconium, ferrocarbon (n- 
cluding briquets), Alsifer, and other miscellaneous silicon alloys. 


Demand fell off at midyear, and some plants stopped producing poly- 
crystal silicon during the third quarter to reduce inventories. Part 
of the polycrystal silicon inventory was converted to single-crystal 
silicon, but remained unsold in a weak market. 

During the year metallurgical silicon and ferrosilicon producer 
stocks declined 41 percent; the greatest decline was in blast-furnace 
silvery pig iron. Consumer stocks decreased 12 percent during the 


same period. 
PRICES 


Prices of polycrystal high-purity silicon declined steadily during 
1961, from an average price of $280 per kilogram at the beginnin 
of the year to $155 at yearend. The average value of single-crysta 
silicon was $1,600 per lean at the beginning of the year, $1,440 
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at midyear, and $1,630 at yearend. No change occurred in producers’ 
pricelists for single-crystal silicon during 1961. 


TABLE 4.—Representative prices of polycrystal, high-purity silicon 


Boron Septem- Septem- 


Grade (resistivity minimum, ohm cm) content ber 1960 ber 1961 
arts per (per (per 
illion) gram) gram) 

BOIS EE ON $0. 18 $0. 100 
eege 0.9 y . 165 
j| MM OPUS CUPIS 8 .8 34 . 187 
)!!!! ⁵ ³ ↄ AVV 8 Eid 35 . 210 
A . r ß seem EE SA »0 A . 230 
)) A A yd A E E D, e REG . 250 


Some producers lowered the price of silicon metal during 1961 
from $0.2150 to $0.1775 per pound for the grade with a maximum of 
0.35 percent iron and 0.07 percent calcium. The price of 50 percent 
ferrosilicon decreased $0.011 per pound of contained silicon to $0.135 
in February and increased to $0.145 about November 1.* 


FOREIGN TRADE” 


Foreign trade in high-purity silicon was reportedly large in 1961, 
and the United States was predominantly an exporting country. 
However, figures were not available on this trade. 

The quantities of silicon metal and ferrosilicon imported were rela- 
tively small compared with those in domestic trade. Exports of fer- 
rosilicon, small in 1959 and 1960, increased sharply in 1961. No data 
were available on silicon metal exports. 


WORLD REVIEW 
EUROPE 


Belgium.—The new high-purity silicon plant of the Olen Chemical 
Products Division of Société Générale Métallurgique de Hoboken at 
Olen was completed. 

Germany, West.—Early in 1961 trade agreements were made with the 
U.S.S.R. for imports through 1963, including 7,150 short tons of fer- 
rosilicon in 1961, 9,350 tons in 1962, and 9,350 tons in 1963. 

Norway.—Norwegian ferrosilicon output for 1961 was estimated to 
be 196,000 short tons, compared with 190,500 tons in 1960. Almost 
all the ferrosilicon produced was exported, mostly to the United King- 
dom, West Germany, and Belgium.’ 

Switzerland.—Lonza Elektrizititswerke und Chemische Fabriken 
A.G. announced plans to begin producing high-purity silicon.’ 


MS American Metal Market Vanadium Lifts Price of 5096 Ferrosilicon. V. 68, No. 210, 
ov. 1. 61, pp. 1. ; 
§ Figures on ee and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
Mining Journal (London). Mining Miscellany. V. 257, No. 6592, Dec. 22, 1961, p. 658. 
T Mining Journal (London). Mining Miscellany. V. 257, No. 6574, Aug. 18, 1961, p. 167. 
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TABLE 5.—U.8. imports for consumption of ferrosilicon, by grades and countries, 
and silicon metal, by countries 


1959 


Short tons Short tons Short tons 


Value Value 
Gross | Silicon Gross | Silicon Gross | Silicon 
weight jcontent weight ¡content weight |content 
Ferrosilicon: 
8 percent and less than 30 
percent silicon: 
Canada 10, 027 1, 53308553, 754) 12, 685] 1, 940 8887, 012] 12. 580 1. 93108616, 024 
Germany, West 1, 753 270| 279,598} 1,336 200 246, 790 580 87| 109, 403 
Total... rs 11. 780 1,803) 833,352| 14, 021] 2,140) 933, 802| 13. 160 2,018] 725, 427 
r '... x pee ere [peered — Kees ů . ᷑ ᷑ pele be aes —— 
30 percent and less than 60 
percent silicon: 
So 8 2, 011 966| 270,014 413 248| 67,788 
Germany, West 1 Il; 22981] AAA AA ENEE 
Poll. 2, 011 966 270, 014 414 201 67,788 
60 percent and less than 80 
percent silicon: 
Canada sagen sera éng 986 693| 209, 296 257 24| 6,438 
Fans 220 169)! 330, h....... r DEER 
pn o 28 22| 4,830 185) 140| .. A AS 
Norway...........-...- 2, 223] 1,721) 333,362} 2,819| 2,177) 424, 9554 ---..-- 
Union of South Africa.. 27 19| 4,103 54 41 3, 630 
Kai AMM A A A 66 52 9 AA AS GE 
ql AA 3, 4844 2,624| 581,591} 3,381 10, 068 
80 percent and less than 90 
percent silicon: Japan.. 28 24| 5,989 53 43i; -9,398 A A UE 
90 percent or more silicon: 
q AA 1183 A A AMA A A PR A 
——— E === 
Grand total. 117,486} 5,584|1,734,885| 17, 869 803, 283 
Silicon metal: 
Cana EE ß. GE , EEN, A 
Fropcee 1. 067] 1,055) 269,011 269 30 8,206 
Italy ceo coc chs U“ 1, 196 1,179] 316, 147 r RA A A 
TAPA Es 873 850217, UE AAN AA AA EEN 
Sweden 6 Bill DGG teste dd 
Toten... 3, 142 3, 095] 804, 745 301 8, 206 
1 Adjusted by Bureau of Mines. 
Source: Bureau of the Census. 
TABLE 6.—U.8. exports of ferrosilicon 
Year Short tons | Value Year Short tons | Value 
1952-56 (average)............. 2, 964 | $576, 679 || 195999 10.558 | $980, 658 
IJ) DP RENS MM 2,649 | 502,401 || 1960 5,501 867, 140 
1058. clou esos Te dE pad 2,177 | 391,621 || 1961 34, 764 | 6, 104, 913 


Source: Bureau of the Census. 


Yugoslavia.—Silicon metal production was reported to have been 
started in Serbia by Prva Iskra. Annual capacity was estimated to 
be 280 short tons.“ 

ASIA 


.Japan.—Six Japanese firms were reported to be making high-purity 
silicon at an estimated annual rate of 5,000 kilograms of polycrystal 

laing Journal (London). Metals and Minerals. "V. 256, No. 6539, Dec. 16, 1960, 
` 659873—62—70 


1098 MINERALS YEARBOOK, 1961 


silicon and 2,000 kilograms of single-crystal silicon in 1961.? The 
six companies are Nitchitsu Electronics Chemical Co., Ltd., wholly 
owned subsidiary of Shin Nippon Chisso Hiryo, K. K.; Komatsui 
Electronic Metal Co., Ltd.; Nippon Electronic Metal Co., Ltd.; 
Shinetsu Chemical Co., Ltd.; Tokai (Toyo) Electrode Co., Ltd.; and 
Osaka Titanium Co., Ltd. In another report, Shin Nippon Chisso 
Hiryo, K. K. (SNC), named an exclusive U.S. distributor for its 
line of pure-silicon products.“ SNC exported about 20 kilograms in 
1961 and was the only Japanese producer to export high-purity 
silicon. 

The Japan Electronic Industry Development Association appointed 
a special committee to study e standards for high-purity sili- 
con materials for semiconductor uses. 

Consumption of high-purity silicon was steadily increasing. Sili- 
con transistors had been made in increasing numbers since early 1960, 
but the total production for 1960 was little more than 100,000 units, 
5 with 140 million germanium transistors.!? The slow rise 
of silicon for transistor use in Japan was attributed to high unit cost 
of high-purity silicon. Japanese consumers saw no distinctive advan- 
tage for silicon over lower priced germanium. About 70 to 80 percent 
of the single-crystal silicon used in 1961 was imported, and it sold 
for $0.55 per gram, compared with $0.15 per gram for germanium. 

The Japan "Ferro Alloy Producers’ Association reported production 
of 7,850 short tons of metallurgical silicon in Japan for the fiscal year 
ending March 31, 1961. 


TECHNOLOGY 


Technological improvements in making, slicing, and fabricatin 
high-purity silicon in 1961 resulted in more efficient use of material. 
The most important technological development was the use of a dia- 
mond-wheel saw that was gripped on its outer periphery and sliced 
rods with its inner periphery. The rigidity provided by this tech- 
nique made possible the use of wheels 0.008 inch instead of 0.016 inch 
thick. Thus, in one mechanical development the sawdust waste was 
halved, increasing the quantity of available silicon by about 25 
percent. 

Silicon producers made a purer polycrystal product by improving 
the distillation technology of their raw materials and made single- 
crystal rods more uniform in respect to physical size, doping gradi- 
ents, crystal perfection, axis orientation, and lifetime. These im- 

rovements lessened the quantity of devices rejected by electronic 
abricators and maintained the price of single-crystal] silicon because 
the fabricators’ more stringent specifications involved more labor 
and rejection losses by the silicon producer. 


" ® 5 News, Japan Bureau. Japan Group Plans Silicon Standards. V. 6, No. 264, 
une 5, . p. 42. 

19 Electronic News. U.N. Alloy Steel Corp. To Stock Japanese Silicon. V. 7, No. 298, 
Jan. 15, 1982, p. 48. 

u Yoshimura, Toshio. Ton of Pure Silicon Slated for Export by Japan Firm. Elec- 
tronic News, v. 7, No. 309, Mar. 27, 1962, p. 88. 

12 Yoshimura, Toshio. 61 S! Transistor Output in Japan Seen Up Slightly. Electronice 
News, v. 6, No. 261, May 15, 1961, p. 44. 

u American Metal Market. Ferroalloy Output in Japan Shows Rise for Year. "V. 68, 
No. 85, May 4, 1961, p. 19. 
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The mesa-type transistor and epitaxial growth were described in 
the “Silicon (High-Purity)” chapter of volume 1 of the 1960 Min- 
erals Yearbook. In 1961, the planar-type transistor was developed 
by using epitaxially grown layers of pure silicon on a silicon sub- 
strate. The planar transistor tended to displace the mesa type 
because of its higher performance characteristics and ease of manu- 
facture. Its high performance depends largely on the intimate 
contact of the three essential parts of the transistor, which are sealed 
against electrical leakage at nonworking junctions with an oxidized 
surface. The planar transistor has combined the switching speeds 
formerly obtained with germanium and the durability of silicon, 
promising a brighter future for silicon transistors. 

One manufacturer automated a furnace for proves mesa and 
planar epitaxial silicon transistors. The console of the furnace was 
programmed from previously tabulated data so that the operator’s 
only functions were to load the furnace with wafers of silicon, press 
the starting button, and remove the wafers after the furnace had 
completed a cycle. The console automatically purged the furnace 
of air, heated the furnace to the correct temperature, and controlled 
the rate of gas flow, the mixture of the doping impurity, and the cool- 
ing of the furnace. This procedure repeated itself automatically three 
times, and each time doping compounds and the epitaxial layer thick- 
ness were varied to develop the essential characteristics of the tran- 
sistor being made.“ 

Again as in previous years, electronic device makers used less silicon 
per unit by developing miniature and multipurpose components. One 
manufacturer marketed a pancake transistor 0.06 inch thick by 0.230 
inch in diameter that sould be advantageous in printed-circuit-board, 
sandwich-type equipment. Another firm introduced a microminia- 
ture diode for use in computers that was hermetically sealed in a glass 
package 0.04 inch in diameter by 0.06 inch long. 

The tunnel] diode, which was introduced Gig much publicity and 
hope for success in 1959 but which failed to be rapidly adopted in 1960 
because of early breakdowns and lack of circuitry designed to use 
it, was developed further in 1961. 

No outstanding technical development occurred in 1961 in metallur- 
51 silicon. However, with reduced steel production during the 

rst half of the year, silicon smelters concentrated on mechanizing 
and making automatic as much equipment as possible to reduce labor 
costs. Savings were made with mechanical stokers. One operator 
with a mechanical stoker can service two furnaces, dispensing with the 
labor of several men. Improvements were made in moving, weighing, 
and mixing raw materials and in charging furnaces by installing 
more automatic weighing devices, conveyor belts, skipways, tram- 
ways, hoppers, and chutes. 


* Arthur, Earl. Epitaxial Growth Furnace Automated at Motorola Unit. Electronic 
News, v. 7, No. 308, Mar. 26, 1962, p. 118. 
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Silver 


By J. P. Ryan’? and Kathleen M. McBreen ? 


A 


NITED STATES mine production of silver increased 13 per- 
U cent to 34.8 million ounces in 1961, thus reversing the steady 
decline in output since 1957. Relatively stable operating con- 
ditions at major mines was the chief factor contributing to the pro- 
duction gain. Shutdowns due to labor strikes had reduced production 
in 1959 and 1960. Consumption of silver, both in the arts and in- 
dustry, and in coinage, rose 9 percent to 161 million ounces, the third 
successive annual increase. 

A Presidential order on November 28 suspending sales of silver to 
domestic consumers was the principal feature affecting world silver 
markets in 1961. This action brought a sharp advance in price and 
ended a 3-year period of price stability. 

Imports of silver, including lend-lease returns, declined sharply for 
the fourth successive year but exports rose substantially, as somewhat 
higher foreign prices attracted metal from domestic sources. 

ales to domestic industries and withdrawals for coinage, offset in 
part by lend-lease returns and purchase of newly mined domestic 
metal, again brought a sharp drop in the Treasury stock of free-silver 
which reached a low of 22 million ounces near the end of November 
when Treasury sales were discontinued. Lend-lease returns and trans- 
fers from monetary reserves brought the nonmonetary (free) silver 
stock to 28.5 million ounces at yearend. 

World silver production was 231.8 million ounces, about 8 million 
ounces less than in 1960. 

Consumption of silver in free-world countries increased 8 percent 
to 352.4 million ounces, exceeding production by 158 million ounces. 
U.S. consumption was 46 percent of the total free-world consumption. 


LEGISLATION AND GOVERNMENT PROGRAMS 


On November 28 the President, pursuant to recommendations of 
the Secretary of the Treasury, issued a directive suspending Treasury 
sales of silver. The President also recommended that legislation be 
enacted to ebe the Silver Purchase Acts and the relevant part of 
the Internal Revenue code to permit the development of a free futures 
market in silver. The recommended legislation also would provide 


1 Commodity specialist, Division of Minerals. 
? Statistical clerk, Division of Minerala. 
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TABLE 1.—Salient silver statistics 


United States: 
Mine production 
thousand troy ounces.. 
VAIO ccc eee ek thousands.. 


Ore (dry and siliceous) produced: 
old ore... thousand short tons.. 
Gold-silver ore do.... 
Silver oro do.... 
Percentage derived from— 
Dry and siliceous ores 
Base-metal ores eem ee 
Imports, general ! 
thousand troy ounces.. 
Exports MA do.... 
Stocks Dec. 31: Treasury 
million troy ounces.. 
Consumption: 
Industry and the arts 
thousand troy Gunes a 


Coinafe.....2-------------- o... 
Price: Treasury...... per troy ounce.. 
World: 
Production... thousand troy ounces..| 220,700 | 4 231, 100 | 4 239, 000 | 4 221, 900 
Consumption ti—industry and the 
ASS thousand troy ounces..| 175,980 | 212,600 | 190, 500 
Colnago do....| 79,540 84, 200 79, 500 


1 Excludes cotnage. 

3 Treasury buying price for newly mined silver. 
3 Average New York price. 

4 Revised figure. 

5 Free world only. 


for the gradual release of silver now required for backing $1 and $2 
silver certificates currently in circulation and authorize the Federal 
Reserve banks to include these denominations in the range of notes 
they are permitted to issue. 

The exchange of letters between the President and the Secretary of 
the Treasury pertinent to contemplated and actual policy changes with 
respect to silver are given below. 


November 27, 1961. 


Dear Me PRESIDENT: The Treasury has, as you requested, been studying for 
some time the uses of silver in our monetary system. Informal conferences ha ve 
also been held with other departments in your Administration, with the Federal 
Reserve, and with leading representatives of both silver producing and consuming 
interests. It now seems appropriate to recommend several changes in our silver 
procedures, largely because of the change that has taken place in the world 
position of silver. 

The industrial uses of silver have been expanding greatly and the industrial 
consumption of silver is steadily increasing; it continues to be used exten- 
sively in the arts; it is needed in our coinage. All together, the industrial, 
artistic, and coinage uses of silver are currently consuming more than 150 
million ounces of silver per year in the United States. The total world-wide 
consumption is estimated at more than 300 million. Production, however, falls 
far short of these totals. World-wide it is currently estimated at 235 million 
ounces annually, of which only about 35 million is produced in the United States. 
The indicated gap between world production and world consumption, apart from 
changes in inventories, is thus now running at about 65 million ounces. 

This gap, and it is a growing one, bas for some time been filled by sales from 
the stocks of “free silver” held by the United States Treasury. These stocks 
were accumulated in earlier years when total demand was much lower and 
purchases by the United States Treasury, at the minimum price established by 
the Congress for monetary purposes, absorbed virtually all new domestic pro- 
duction. The Treasury’s supply of free silver reached its peak in April 1959, 
at 222 million ounces. Since that time, purchases have steadily decreased and 
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sales have increased and the Treasury’s stock of free silver has declined. By 
the end of 1959 it was 174 million ounces; by the end of 1960 it had fallen 
to 123 million ounces; as of today, following unusually rapid sales in recent 
weeks, it has fallen to about 22 million fine ounces. 

It is clear that under present procedures this stock would soon be entirely 
exhausted and that the Treasury would thereafter have no further silver avail- 
able for public sale. It also seems clear on the basis of these developments 
that there is no remaining need for Government support of the silver price at 
90.5 cents, as provided under current legislation. In the absence of further Gov- 
ernment sales of free silver, the private market is quite obviously prepared to 
absorb all domestic production at or above the price of 90.5 cents. 

The Government still has, however, nearly 1.7 billion ounces in a bullion 
reserve held against the issuance of a part of our paper currency. Roughly 
one quarter of the total is held against $5 and $10 silver certificates, although 
existing legislation also permits issuance of $5 and $10 notes by the Federal 
Reserve, and these latter notes represent well over 90 percent of the outstanding 
currency of these denominations. The other three quarters of the silver bullion 
reserve is used to support $1 and $2 silver certificates; under existing law, only 
silver certificates are authorized for currency of these denominations. 

In view of the large and growing aggregate demand for silver, it does not 
seem to me to be either wise or feasible to continue to impound a substantial 
holding of silver bullion in these currency reserves. I propose that we now 
begin an actual, though gradual withdrawal of silver bullion from the currency 
reserves, permitting substitution of Federal Reserve notes for the silver cer- 
tificates withdrawn, and using the bullion thereby released to meet our con- 
tinually heavy coinage requirements. At the same time, under the authority 
of existing law, I propose to suspend further sales of silver to the market. I 
further recommend that appropriate legislation be requested promptly to remove 
the Treasury from an active role in the markets for the purchase and sale of 
silver, and to permit trading in silver as a primary commodity. Meanwhile, the 
Treasury’s remaining stocks of free silver should be conserved for possible use 
in contributing to orderly market conditions pending enactment of the necessary 
legislation. 

If you should desire to implement this general policy, the first step would 
be a Presidential directive to the Secretary of the Treasury to suspend further 
sales from the remaining stock of free silver. Uses of this remaining stock for 
subsidiary coinage should be terminated, and to meet coinage needs I would 
propose to retire from circulation a sufficient amount of $5 and $10 silver 
certificates to release the silver required for this purpose. These retired cer- 
tificates would be replaced by Federal Reserve notes. 

Paralleling this action it would be desirable to recommend to Congress, when 
it reconvenes, the immediate repeal to the Silver Purchase Act of 1934, as well 
as the Acts relating to silver of July 6, 1939, and July 31, 1946. Since the 
existing tax on transfers of interest in silver bullion is necessary only to support 
this legislation, it would also be desirable to propose simultaneously to Con- 
gress that the relevant part of the Internal Revenue Code be repealed so as to 
permit the development of a free futures market in silver. 

Finally, I suggest that you consider recommending to Congress the enact- 
ment of legislation authorizing the Federal Reserve System to issue Federal 
Reserve notes in denominations of less than $5, thus providing an orderly, long- 
term means for replacing or supplementing the supply of silver certificates and 
thereby freeing the supplies of silver that will be needed to cover future coinage 
requirements. 

Faithfully yours, 
(S) Doveras DILLON. 
THE PRESIDENT, 
The White House. 


NOVEMBER 28, 1961. 


DEAR MR. SECRETARY : On the basis of your recommendations and the studies 
conducted by the Treasury and other Departments, I have reached the decision 
that silver metal should gradually be withdrawn from our monetary reserves. 

Simultaneously with the publication of this letter, you are directed to sus- 
pend further sales of free silver, and to suspend use of free silver held by the 
Treasury for coinage. In this way, the remaining stock and any subsequently 
acquired can be used, at your discretion, to contribute to the maintenance of an 
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orderly market in silver and for such other special purposes as you may deter- 
mine. In order to meet coinage needs, the amount of silver required for this 
purpose should be obtained by retirement from circulation of a sufficient number 
of five-dollar and ten-dollar silver certificates. 

Pursuant to this general determination, I intend to recommend to Congress, 
when it reconvenes, that it repeal the acts relating to silver of June 19, 1934, 
July 6, 1939, and July 31, 1946. The existing tax on transfers of interest in silver 
bullion has been necessary only to provide reinforcement for this legislation. 
I will therefore simultaneously propose that the relevant portion of the Internal 
Revenue Code also be repealed. 

These actions will permit the establishment of a broad market for trading in 
silver on a current and forward basis comparable to the markets in which other 
commodities are traded. Our new policy will in effect provide for the eventual 
demonetization of silver except for its use in subsidiary coinage. 

Although the potential supply of silver now embodied in the outstanding five- 
dollar and ten-dollar certificates will be sufficient to cover coinage requirements 
for a number of years, I believe this is an appropriate time to provide for the 
gradual release of the silver now required as backing for one-dollar and two- 
dollar silver certificates. I shall therefore also recommend that legislation be 
enacted to accomplish this purpose and authorize the Federal Reserve Banks to 
include these denominations in the range of notes they are permitted to issue. 

Sincerely, 
(S) JoEN F. KENNEDY. 
Hon. DouGLAS DILLON, 
Secretary of the Treasury, 
Washington, D.C. 


Bills (S. 2420, H.R. 390) to repeal the Silver Purchase Acts were 
introduced in the 87th Congress and referred to the respective Com- 
mittees on Banking and Currency of the Senate and House of Repre- 
sentatives, but no further action was taken. "These bills included a 
provision for the continued sale of silver in excess of the Treasury's 
requirements and an amendment to the Federal Reserve Act permit- 
ting the issuance of Federal Reserve notes in $1 and $2 denominations. 


DOMESTIC PRODUCTION 


Reversing a 4-year decline, mine output of recoverable silver in the 
United States rose 13 percent to 34.8 million ounces. The production 

in was attributed principally to relatively stable operations prevail- 
ing at major silver-producing mines in Idaho during most of the year, 
following settlement of labor strikes late in 1960. Strikes were the 
chief cause of reducing silver production in the preceding 2 years. The 
United States retained on place among the silver-producing coun- 
tries of the world, and was exceeded in output only by Mexico. 

A sharp gain in silver output in Idaho coupled with moderate gains 
in Arizona and Colorado greately exceeded production declines in 
other silver-producing States. In Idaho, The Bunker Hill Co. and 
American Smelting and Refining Company resumed full-scale mining 
operations following settlement of a 9-month strike. A strike settle- 
ment at the Eagle mine and reopening of the Camp Bird mine late in 
1960 were factors contributing to Colorado's increased silver output. 

The gain in silver production in Arizona reflected increased output 
of silver-bearing copper ores. Lower recovery of byproduct silver at 
The Anaconda Company Butte mines, and the shutdown of the Jack 
Waite mine were factors in the decline in silver output in Montana. 
The sharp drop in Nevada’s silver output was attributed chiefly to the 
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shutdown of the Argentum Mining Co. and United States Milling & 
Minerals Corp. operations, and decreased production at the Con- 
solidated Eureka and Bristol Silver mines. A strike in August at the 
Utah Copper mine reduced output of silver-bearing copper ore and 
was the chief factor in the RER in Utah’s silver production. 

Idaho, the leading silver-pro pore State, contributed over half the 
total domestic output. The four leading silver-producing States, 
Idaho, Arizona, Utah, and Montana supplied nearly 90 percent of the 
total output. 

About 60 percent of the domestic output was recovered as a by- 
product of ores mined chiefly for copper, lead, zinc, and gold. Vir- 
tually all the remainder came from ores in which silver was the prin- 
cipal product. Of the 25 leading silver-producing mines, only 4 in 
Idaho depended chiefly on the value of silver in the ore. Seven mines 

roducing over 1 million ounces each, 1 e 56 percent of the total 

omestic output; the 25 leading mines (table 4) furnished 86 percent. 
Domestic mines supplied about one-third of the total silver used in the 
Nation’s arts and industries. 

Approximately 3,600 persons were employed in the silver and 
gold-silver mining industry at 300 separate lode mining operations, 
compared with 3,700 persons and 500 mines in 1960. 

Ore production and classification, methods of recovery, and metal 
ylelds, embracing all ores that yielded silver in the United States in 
1961, are given in tables 6 to 9. 

The classification of ores, originally adopted in 1905 on the basis 
of smelter terminology, smelter settlement contracts, and metal re- 
covery, has been used continuously in succeeding years, except for 
modification necessitated by the improvement in metallurgy and the 
lowering of the grade of complex ores treated. Details of the current 
basis of ore classification are given as follows: 

Copper ores include smelting ores that contain 2.5 percent or more recoverable 
copper and ores and tailings concentrated or leached chiefly for their copper 
content. Ores leached in place or ores for which the tonnage cannot be cal- 
culated are excluded; slags smelted for their copper content are included. 

Lead ores are those that contain 5 percent or more recoverable lead, irrespective 
of the precious metal content, and ores, tailings, or slags that are treated chiefly 
for their lead content. 

Zinc-concentrating ores and tailings include those, from which a marketable zinc 
concentrate is made, irrespective of precious metal content. Virtually no zinc 
ore is now smelted directly except for cold slags, which when fumed are classified 
as smelting ore and may contain as little as 5 percent recoverable zinc. 

The mixed ores are combinations of those enumerated above; they will be 
designated by the names of their constituent base metals in alphabetical order, 
irrespective of the predominance of value. 

Gold, gold-silver, and silver ores with the base-metal content too small to be 
classified in accordance with the foregoing are dry ores, irrespective of the ratio 
of concentration. The dry ores are thus ores, chiefiy siliceous, valuable for their 
silver and gold content, and in some instances for their fiuxing properties, regard- 
less of method of treatment. Dry gold ores are defined as those in which the 
gold value equals or exceeds three-fourths of the combined gold and silver values; 
dry silver ores are those in which the silver value equals or exceeds three-fourths 
of the combined gold and silver values. The gold and silver values in dry gold- 
silver ores equal or exceed one-fourth of the combined gold and silver values. 
Tailings and slags follow the same scheme of classification as ores. 

The classifications are not to be modified by considerations of payments of 
metals by smelters or customs mills, or by method of treatment by the smelters. 
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TABLE 2.—Silver produced in the United States according to mine and mint 
returns 


(Troy ounces of recoverable metal) 


1952-56 
(average) 


Month Month 


3,052, 843 || August Ese qd ede 
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TABLE 5.—Mine production of recoverable silver in the United States, by States 


(Troy ounces) 
State 1952-56 1087 1068 1950 1900 1961 
(average) 

Aa 32, 825 28, 862 23, 507 21, 358 25, 034 18, 485 
c tone 4,632,987 | 5,279,323 4,684,580 | 3,808,336 | 4,774, 992 5, 120, 007 
Californía..................... 867, 585 522, 288 188, 260 172, 810 179, 7 93, 351 
Colorado 2, 697, 561 2, 787, 892 2, 055, 517 1, 340, 732 1, 659, 037 1, 965, 021 
nn 33000000 14. SCH 739 §, 067,420 | 15, 952, 796 | 16, 636, 486 | 13, 646, 508 17,576, 322 
E A 8 Ar. rd E EAS MAA E -m. 8 
Kentucky...................- 6 56 99 S 2, 065 
Michigan 171. 598 h EE, GE, E 
MISSOU WE 358, 783 183, 427 250, 917 339, 760 15, 594 11, 793 
Montana 6, 204, 396 5,558,228 | 3,630,530 | 3,420,376 | 3, 606, 991 3, 490, 350 

Nees ??ͤ 807, 515 958, 477 932, 728 611, 135 707, 291 
New Mexico. 287, 309, 385 158, 758 , 925 303, 903 282, 755 

New dde AAA 51,838 63, 880 66, 738 51, 588 49, 324 
North Carolina 274 12, 347 15,157 16, 319 212, 368 169, 742 
, 10, 598 15, 924 2. 728 242 28A 2, 022 

Pennsylvanla 9, 250 (1) (1) (1 Q) (1) 

South Dakota 142, 472 134, 737 152, 995 12A, 425 108, 119 127, 427 
eege EEN 63, 752 54, 407 44, 592 59, 739 64, 560 83, 417 
A A AO, WEE AAA AAA ME 
cnica sia 6, 584,353 | 6,198,464 | 5,277,693 | 3,734,207 | 4,782, 960 4, 797, 583 
Vermont 44, 814 236, 794 // 8 
Virginia „„ 1. 333 1,745 | 2, 023 8868 AA 
Washington 367, 074 3 521, 133 1 666, 278 3 606, 537 1 628, 678 1 625, 176 
Wyoming 82 126 8 4 7 
Total. S 37, 976, 731 | 38, 164,915 | 34, 111,027 | 31, 194,006 30, 766,327 | 34,794, 456 


1 Pennsylvania and Washington combined. 


CONSUMPTION AND USES 


Consumption of silver in the arts and industries of the United 
States rose 3 percent to 105.5 million ounces according to the U.S. 
Bureau of the Mint. The 1961 gain was the third successive annual 
increase in silver consumption. Treasury silver supplied nearly 60 
percent of total domestic requirements; imports furnished most of the 
remainder. Tota] U.S. consumption of silver, including coinage, rose 
9 percent to 161 million ounces. 

e quantity of silver absorbed in such established products as 
sterling silverware, and brazing alloys for electrical appliances and 
automotive equipment, declined slightly, but this decline was probably 
offset by increases in the quantity of Gre used in photographic, elec- 
tronic and metal-bonding applications in specialized industrial and 
national defense products. Although no detailed breakdown by end 
uses is available, it is estimated that the manufacture of sterling and 
plated silverware accounted for about one-third of the total silver 
used; photographic supplies, solders and brazing alloys, and electrical 
and electronic components, comprising the major industrial uses, 
absorbed most of the remainder. 

Increased quantities of silver were absorbed 1n manufacturing silver 
compounds for light-sensitive paper for amateur, professional, and 
industrial photographic film. Improved silver brazing alloys con- 
tinued to be developed to withstand high temperature and provide a 
bonded joint resistant to corrosion, shock, iid vibration such as are 
encountered by jet aircraft, rockets, and other air and space vehicles. 
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TABLE 6.—Ore, old tailings, etc., yielding silver produced in the United States, 
and average recoverable content, in troy ounces of silver per ton in 1961 * 


Gold ore Gold-silver ore 


State 


Average 
Short tons] ounces 
of silver 


Average 
Short ounces 

tons of silver 
per ton 


Average 
ounces 
of silver 


5 .165 | 119,595 | 5.152 29, 5258 0.571 


1, 749, 063 


a E E — 


Zinc-lead, zinc- 
Zinc ore copper, and zinc- 
lead-copper ores 


Average 
ounces 
of silver 


Average Average 
ounces |Shorttons| ounces 
of silver of silver 


Short tons 


eee: | thet A — 


5 ; 0. 417, 371 
14 55 


Utah d 487, 180 
Undistributed 2.. 7 / ˙ E 61, 867, 452 


Total. 4, 507, 095 


Missouri excluded. 

2 Includes Kentucky, New York, North Carolina, Oregon, Tennessee, Washington, and Wyoming. 
3 Includes silver recovered from uranium ore. 

$ Includes silver recovered from tungsten ore. 

è Includes manganese ore and silver therefrom. 

* Includes fluorspar and tungsten ore and silver therefrom, 

? Excludes magnetite-pyrite-chalcopyrite ore and silver therefrom in Pennsylvania, 


1110 MINERALS YEARBOOK, 1961 


TABLE 7.—Mine and refinery production of silver in the United States in 1961, 
by States and sources 


(Troy ounces of recoverable metal) 


Mine production 


Zinc-lead, Refinery 
State zinc-cop- produc- 
per, lead- tion 1 
Lead ore | Zinc ore eg per, Total 

zinc- 

2 

per ores 
Alaska / ͤ A 18. 485 18, 500 
Arl zona 6, 372 654 [2 681,873 | 5,120,007 | 5,075, 000 
Celiforpnla 4.244 178 | 336, 468 93, 351 105, 500 
Colorado 23. 868 135 |1, 525, 241 | 1,965,021 | 2,061, 600 
Idaho 2,543,899 | 39,430 2. 770, 203 117, 576, 322 |17, 517, 600 
odo AAA PA A ⁵ ]i“ n ⁵ ⁵ ò y A AAA A 27, 100 
Fine, ]ð h E 42,065 2,065 |.......... 
et E AAA AA AAA 8 87.700 
(ROUT oua ou et ARA ĩͤ 8 8 11,793 GE, ENER 11, 703 1, $30 
Montana............ 2,679,279 60,639 | 448, 150 1 305 3,490. 350 | 3,557, 000 
Nevada 102, 072 241, 222 43, 351 31 1, 226 888, 426 385, SMO 
New Mexico 74, 146 81, 260 703 | 81,167 45, 478 282, 755 292. 800 
INOW. Ae d ͥ A PEA A 0m PA 40, 507 40, 507 40, 500 
North Carolina......|........ 49 rr EEN 3 144, 382 169, 742 175, 800 
regon 1, 722 41 8 68 2,022 1, 530 
P AAA f kk ñ⁊ðᷣ d 7,39) 
South Dakota ) JJ 127, 427 117. 600 
Tennessee 4 4 A GE T GEN 83, 417 92, 000 
€ A A, AAA 179, 936 16, 325 23, 310 | 22,149,043 | 4,797, 583 | 4, 700, 000 
Washington &....... 573, 276 8, 080 8 43, 720 625, 176 635, 000 
hn, E AA ENT ARA 8 7 10 
TotaL......... 10, 399, 186 |2, 712, 759 | 593,055 |7, Wee 34, 704,456 34. 900, 000 

ercent........ 1 29.9 7.8 1.7 21.4 100.0 


1 U.S. Bureau of the Mint. 

2 Includes silver recovered from uranium ore, 

3 Includes silver recovered from tungsten ore. 

$ Includes silver recovered from fluorspar ore. 

$ Includes some silver recovered from lead-copper ore. 

* Includes silver recovered from manganese ore. 

Y Included with Washington. 

8 Includes silver recovered from magnetite-pyrite-chalcopyrite ores in Pennsylvania. 


TABLE 8.—8ilver produced in the United States from ore and old tailings in 1961, 
by States and methods of recovery, in terms of recoverable metal' 


Ore and old tailings to mills 


smelters 


Recoverable in |Concentrates smelted 
bullion and recoverable metal 


Total ore, 


State old tailings 
etc., treated 
GO AM 6, MAT 2112 AA 

Aríizona...........| 72, 584, 035 4, 537, 905 672, 458 
California. ........ 45, 306 30 a 80, 531 6, 180 
Colorado.......... S 1, 534, 179 426, 452 
Idaho d lel cca x 17, 513, 374 62, 441 
Montana 792. 388 | 12,679,618 | 17... 6 3, 15, 205 332. 117 
Nevada 59. 176. 590 145, 439 
New Mexico. 7 PAOD cess So HESE 328, 714 206, 494 76, 200 
QU Dakota..... 780, 780,746 | 86,516 | 28, 098899 12.815 
mm 28. 553. 823 | 28,324,908 | 1I .. 817, 578 4, 424, 200 373,382 
SE NOA 109, 317 |3 137, 816 765, 016 48, 496 
eas » (44, 214, 956 |4, 601,652 | 32, 396, 494 |1, 469, 193 |2, 059, 525 


1 Missouri excluded, 
M, ae Kentucky, New York, North Carolina, Oregon, Pennsylvania, Tennessee, Washington and 
min 
de Excludes magnetite-pyritecbalcopyrite ore and concentrates therefrom in Pennsylvania, 
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TABLE 9.—8ilver produced at amalgamation and cyanidation mills in the United 
States and percentage of silver recoverable from all sources * 


Bullion and precipi- 
tates recoverable Silver from all sources (percent) 
(troy ounces) 


Year 


1 Missouri excluded. 
3 Both crude ores and concentrates. 


TABLE 10.—Consumption of silver in industry and the arts 
(Thousand troy ounces) 


1952-56 (average)....| 121,018 101, 000 
1957.....-...--....-.| 133, 742 102, 000 
1958.....-.........--| 121, 500 105, 500 


1 Includes secondary materials to monetary 
Source: U. S. Bureau of the Mint. 


Large quantities of silver continued to be used for electrical contacts 
where low contact resistance is required as in household electrical ap- 
pliances, in high-voltage switch equipment, and in large motors and 
generators. Increased quantities of silver were used for electrical 
conductors and decorative finishes in the ceramic industry, and 
in the manufacture of silver-zinc and silver-cadmium batteries for 
applications requiring high power output with minimum size and 
weight. Other uses of silver that continued to absorb substantial 
quantities of silver include catalysts in the production of synthetic 
organic chemicals; bearings in aircraft and diesel ee dental 
alloys and amalgams; backing for mirrors; coatings for wire and 
thermos bottles; pharmaceutical products; and medical, scientific, and 
chemical equipment. 

The quantity of silver absorbed in U.S. subsidiary coinage increased 
22 percent to 56 million ounces, nearly one-half the total silver used in 
free-world coinage. As in 1960, the 1961 gain was attributed princi- 
pally to increased demand for silver coins resulting from the expanded 
use of merchandise-vending and other coin-operated machines. 

Applications of silver and silver alloys as materials of construction 
in chemical plant equipment were reviewed, and the economic feasi- 
bility of extending the uses in manufacturing chemicals and process- 
ing foods were discussed and evaluated.“ 


Stevenson, J. A. Materials of Construction for Chemical Plant—Silver. Chem. & 
Process Eng., v. 42, No. 7. July 1961, pp. 323-326. 
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STOCKS 


Treasury stocks of silver bullion and coin declined in 1961 for the 
third successive year, dropping 129.5 million ounces to 1,863 million 
ounces at yearend. Silver coinage in circulation, continuing its annual 

wth, increased 93.9 million ounces to 1,486 million ounces. The 
ury acquired 183,000 ounces of newly mined domestic silver in 
addition to silver from lend-lease returns, withdrawn coins, and other 
sources. Acquisitions totaled 14.8 million ounces. Withdrawals from 
Treasury silver stocks included 61.9 million ounces sold to industrial 
consumers and Government agencies and 55.9 million ounces for sub- 
sidiary coinage. The stock of free-silver bullion was reduced 95 
million ounces during the year to 28.5 million ounces on December 31, 
1960, the lowest level since 1955. After sales of silver were stopped on 
November 28 the Treasury began withdrawing $5 and $10 silver cer- 
tificates from circulation and replacing them with Federal Reserve 
notes, thereby releasing silver from its monetary reserve to meet coin- 
age requirements. During November and December about $14.8 mil- 
lion of silver certificates were retired, equivalent to about 11.5 million 
ounces of silver which was transferred to the free-silver stock. 

The ratio of silver to the total value of gold and silver in the U.S. 
monetary stocks at yearend was 20.3 percent compared with 19.8 at 
the end of 1960. 


TABLE 11.—U.8. monetary silver 


(Million troy ounces) 


In Treasury: 
Securing silver certificates: 
Silver bullion 1, 741.8 1, 730. 5 
Silver dollars 124. 9 101.0 
Subsidiary coin 2.0 27 
Free silver bullion..............------- 123. 5 2. 5 
Total EEN 


1. 992 2 1, 862.7 


1252. 5 7 
11. 140. 0 1, 210. 4 


¡EE — q [IO.ÍE KK OÁm —— | . CE EY 


11,392 5 1, 496. 4 
—————— o e == EH 
2232 ⁵⁵ ; : 1 8, 384. 7 


3 Revised figure. 
Source: Compiled from Treasury Bulletin. 


PRICES 


The prices at which the U.S. Treasury bought and sold silver, estab- 
lished under the Act of July 31, 1946, continued unchanged at 90.5+ 
and 91.0 cents a fine troy ounce, respectively. Although only a rela- 
tively small quantity of silver was offered to the Treasury by domestic 
producers, Treasury sales of silver increased substantially and the 
availability of Treasury silver to domestic industries at the official 
price was the principal factor stabilizing the world price of silver in 
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the first 11 months of 1961. The Presidential Order on November 28 
stopping sales of Treasury silver ended a 3-year period of relative 
price stability in world markets. 

During the first 11 months of 1961 the New York price remained 
unchanged at 913% cents a troy ounce, 0.999 fine based on the cost of 
Treasury silver delivered in New York. This was the price paid b 
Handy & Harman for silver in unrefined materials and was one-fourt 
cent below the price for refined bar silver offered for nearby delivery. 

In the remainder of 1961 following the Presidential Order world 
prices fluctuated considerably as markets were adjusting to the new 
conditions. Withdrawal of Treasury silver from the New York 
market was shortly followed by a sharp rise in price to 10034 cents 
an ounce. Subsequent increases brought the price to a new high of 
10434 cents on December 15, where it remained unchanged to the end 
of the year. Based on the 1961 average New York quotation of 
92.449 cents an ounce, the price ratio of gold to silver was 37.8 to 1. 

Spot prices in the London silver market were higher than in the 
New York market during most of the year, ranging from a low of 
7984d. in January to a high of 8834d. on December 19, equivalent to 
92.6 cents and 103.5 cents, respectively. The closing price quotation 
for cash delivery at yearend was 88d. equivalent to 102.6 cents. For- 
ward transactions on the London market increased in volume, reflectin 
greater speculative and consumer interest. The premium for forwar 
silver (2-month O) over the cash price ranged from 14d. to 
Wd. (4+ to 1 cent). The volume of forward silver purchases in 
the London silver market during 1961 was estimated at 50 million 
ounces.* 

As a large part of the London market silver supply which came 
from China was not eligible for purchase by U.S. citizens, non-Chinese 
silver brought a premium of slightly over 14 cent an ounce. 


FOREIGN TRADE 


Imports.—Imports of silver, both refined and unrefined, aggregated 
50.2 million ounces valued at $45 million, 10.5 million ounces less than 
1960. Imports included 1.4 million ounces of lend-lease returns from 
Saudi Arabia. Canada, Peru, and Mexico supplied about 90 percent 
of the total imports. 

Exports.—Exports of silver from the United States increased 50 per- 
cent to 39.8 million ounces valued at $36.9 million. The sharp rise in 
exports again reflected the higher prices available in foreign markets 
during most of the year. Nearly 70 percent of the total exports went 
to western European countries and Canada. 


LEND-LEASE SILVER 


Of the e 410.8 million ounces of silver supplied to foreign 
countries under lend-lease agreements, all but 15 million ounces had 
been repaid. Pakistan reduced its outstanding lend-lease obligation 


28. Montagu & Co., Ltd. Annual Bullion Review, 1961. February 1962, p. 20. 

5 Figures on imports and exports compiled by Mae B. Price and Elsle D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Dept. of Commerce, 
Bureau of the Census. 
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by returning 4.6 million ounces of silver to the United States. The 
remaining 4.6 million of Pakistan’s obligation was scheduled for re- 
payment in 1962. Saudi Arabia repaid 10.9 million ounces of its 21.8 
million ounce obligation—1.4 million ounces in silver and 9.5 million 


ounces in dollars. 
WORLD REVIEW 


World silver output was estimated at 231.8 million ounces, about 
8 million ounces less than in 1960. Increased output in Peru, and 
Japan failed to offset substantial production declines in Canada, Mex- 
ico, and Australia. Changes in the silver output of other countries 
were small. Mexico, Peru, Canada, and the United States, the prin- 
cipal free-world silver-producing countries, contributed about 60 per- 
cent of world output. 


TABLE 13.—U.8. imports of silver in 1961, by countries 
(Thousand troy ounces and thousand dollars) 


of A base Refined bullion 3 
on s | Foreign 
Country ——— — coin coin 
value value 


Quantity] Value Quantity] Value 


North America: 
§éêé%1?%ſéi 12,069 | $10, 828 $10, 784 $297 $11 
IAESTE E AI BEE d EE 67 7555 oe 
Guatemala .. 142 /! ENEE 
Honduras 2, 526 l ³⁰. = 
E EE EE 5,135 4, 567 2,41l WEE 2 
Nicaragua. ...............- ce eee eee 240 ARS PAM A 8 "oc 2 
Ill 20, 112 18. 051 13, 195 864 32 
Séi —— 
South America: 
Alias; 8 ( OA EE 5 
BOW A A  ——— A ZA /// AA O f ES 
A ³˙¹A oeseiissszSne 2, 102 yl PAS ³oÄÄ A A 
Colombia ara 42[| OBO EA AA O OA Si 
Ecuüuidor A ge E 62 52 EE 8 
ER 7,153 6, 438 A EES a 
r. a das 10, 344 9, 308 | Um A A Se 
pona 
Europe: 
A A A EE PA A EE 1 
1 ⁵ ]V˙² d A AI AE ]ꝗ ¶ WAA ñðâ 8 8 
Germany, West 1 II 1 E 
Fl» ů ²³ow ⁰ A AN 53 Jͤͤ;᷑ ß 
Switzerland õĩ]ĩ5%50i ˙ « ⁵r³w LL————— 1 1 
United kKingdom....................- 91 81 976 27 2 
e A ⁰0ÄQT 145 130 976 28 4 
See |  _ __ __EE AGA 
Asta: 
Pbhllippines................-..--.-.-.- 602 541 I A Ä 
Baudi Arab 1,371 T)) u 8 s 
VOCE) EE 1, 073 1, 510 14••ͤͤ ee ¿esas 
A _——  _————————— h 
ca: 
RIOambi qu 51 8 A, PA A ex 
Rhodesia and Nyasaland, Federation 
Usa 239 216 A PA 8 3 
Union of South Africa 447 Z ĩ A PE e 
// is ͤ ͤ⁰ 737 A AAA k AAA TEE 
Oceania: Australla g 1, 248 / A UA 8 
Se Le EE Ee EE 
Grand total 34, 559 30, 832 15, 697 14, 173 392 36 


3 Less than $1,000. 
Source: Bureau of the Census. 
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FIGURE 2.—Net Imports or Exports of Silver, 1910-61. 
TABLE 18.—U.8. exports of silver in 1961, by countries 
(Thousand troy ounces and thousand dollars) 
Ore and base Refined bullion 
bullion United | Foreign 
Destination States coin 
coin value 
value 
North America 
.ͥ˙u).;ĩ;ꝛß'.̃ S AA ARA DEEN DS y 2 PAM 
A ML EP A PA PUE 2 $851 
A A PRE IN AAA ME 8 
AMeden oo t?) | 00 3 3 
Netherlands Antilles U ꝛ7 I 44 1011 
% ·Ü· K et 19 851 
South America: 
le A AA EE NENG, A Jd mp PARE DEEN 
Fr E ESA NS + HE NEE A EN EE tradu c 
Colom TEE, , 28 |. EE 
iu err EE ⁵ð U EENG, E p m 
Total- A APN E, AA % ⅛ᷣ // ĩ˙ A 
preps: 
lglum-Luxembourg.................]| 351 832211I „ 
„ ↄiÜ / „ ud nives 
Germany, West 11, 106] 10,621 |..........].......... 
POOL MEME REN md wr; AAA x8 E 
¿IA ER 229] 05: EE 
Naben. s Y Oger f)! A O 
Bwitlzerland. uoo os A A A AA AA 1 
United Kingdom.....................] 300] 274] 85,607 | 5, 1111. 
% ³˙·ꝛõü»¹iQÜ¹i¹ ur- eect 20 
Asia: E 
CCC ͥ ͥ A oS 2 2 . 
Japan — G 3, 475 % GE 
TO WEE, A EE 3, 477 3, 340 „ 
Africa e ß ß, PA EE e 1 
Grand total. 654 597 39, 174 36, 361 44 852 


1 Less than 1,000 troy ounces. 
3 Less than $1,000. 


Source: Bureau of the Census. 
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Consumption of silver in free-world countries was estimated at 
352.4 million ounces, 8 percent more than in 1960.° Industrial uses 
increased 5 percent to 238.1 million ounces and coinage requirements, 
aggregating 114.3 million ounces, were up 15 percent. The gain in 
coinage consumption resulted from large increases in the quantities 
used by France and the United States. The quantities of silver used 
for Canadian and Japanese coinage were substantially lower than in 
1960. 

Free-world silver consumption continued to exceed production by 
a substantial margin, and in 1961 the excess rose to a record high of 
nearly 158 million ounces. As in several preceding years the produc- 
tion deficit was balanced by withdrawals from world stocks, chiefly 
those of the U.S. Treasury. 


TABLE 14.—World production of silver, by countries 


(Troy ounces) 


Country 1952-56 1957 1958 1959 1960 1961 
(average) 


Canada 28, 211, 112 | 28, 823, 298 | 31, 163, 470 | 31, 923, 969 | 34,016,829 | 31,168, 283 
Central America and 
West Indies: 


Cuba (U.S. imports).. 194, 254 252, 123 325, 278 215, 000 121, 415. Lions 
Guatemala 398, 052 528, 436 320, 621 4 88, 000 3 663, 121 § 515, 905 
Honduras............. 3,320, 730 | 2,260,433 | 2,762,932 | 3,167,376 | 2,947, 021 3, 544, 702 
Nicaraeua...........- 247, 214 230, 081 304, 277 208, 413 326, 673 417, 253 
8nlvador.............. 209, 162 172, 306 197, 629 199, 080 76, 0909 
Meise cce Rene 45, 831, 580 | 47,149, 513 | 47, 592, 358 | 44,075, 291 | 44, 526, 463 40, 342, 397 
United States t........... 37, 673, 982 | 38, 720, 200 | 36, 800, 000 | 23, 000, 000 | 36, 800, 000 | 34, 900, 000 
Total A 116, 146, 400 |118, 137, 000 |119, 466, 600 |102, 967, 100 |119, 478, 300 | 110, 888, 500 
South America: 
Argentina 1,316,916 | 1,350, 331 1,543, 200 | 1,549,600 | 1,671,838 1, 430, 675 
Bolivia (exports)......... 6, 326, 451 5,375,089 | 6,051, 284 | 4,504,126 | 4,887, 138 3, 900, 174 
Brazil ocaciones 165, 425 348, 160 185, 317 225, 152 252, 930 260, 415 
(Chill AA senn nE 1, 617, 118 1, 555, 903 ], 504, 365 1, 767, 230 1, 434, 277 $ 1, 300, 000 
Colombia 115. 170 106, 491 105, 162 102, 678 134, 333 127, 549 
Delor cosas 56, 277 61, 327 R4, 522 162, 608 126, 419 39, 448 
EEN ee 20, 872, 022 | 24,845, 257 | 25,918, 353 | 27, 225, 216 | 30, 755, 496 33, 531, 997 
rr 30, 473, 000 | 33, 640, 000 | 35, 390, 000 | 35, 540, 000 | 39, 260, 000 | 40, 640, 000 
Europe 
Als cod 3, 794 1,286 |............ 64, 300 64, 300 64, 300 
Czechoslovakia ?.......... 1, 605, 000 | 1,608, 000 1,608,000 | 1, 608,000 | 1,608, 000 1, 60%, 000 
O A 233, 672 373, 592 500, 709 522, 739 390, 374 456, 155 
E RA EEE 622, 715 703, 587 770, 267 944, 7 929, 381 $ 950, 000 
Germany: 
Past AA tege e 4, 500, 000 | 4,800,000 | 4,800,000 | 4,800,000 | 4, 800, 000 4, 800, 000 
A EE 2, 157, 350 2, 139, 407 2, 112, 304 1, 597, 730 1, 842, 559 1, 879, 790 
CCC • ² ²· V—T—T2— e RI Es 77, 470 93, 462 99, 410 150, 273 106, 100 4 144, 700 
Hungary ?................ 64, 300 64, 300 64, 300 64, 300 64, 300 64, 300 
Maly o.c: vec au Lc 892, 048 950,420 | 1,334,256 | 1, 060, 749 943, 946 973, 139 
NOrWüy....-----ece ee eere 104, 165 641-30] AA PA A . 
Poland f... ccu 115, 500 123, 600 128, 600 128, 600 125, 600 12k, 600 
Portülal A 61, 787 62, 308 45, 783 54, 141 52, 920 4 55, 000 
Rumania 7 643, 000 644, 000 643, 000 643, 000 643, 000 643, 000 
o ees eae sot 1,243,153 | 1,345, 734 | 1, 774, 550 | 2,206,698 | 1,739,677 | * 1, 800, 000 
eh EE BEER 2, INI, 694 2, 512, 163 2, 944, 301 3, 095, 070 2, 659, 448 2, 825, 246 
USS Lor NR 24, 500, 000 | 25, 000, 000 | 25, 000, 000 | 25, 000, 000 | 25, 000, 000 25, 000, 000 
United Kingdom , 746 27,337 20, 553 13, 655 7, 097 4 7, 000 
Yugoslavia... ...........- 2, 839, 012 2, 549, 742 3, 751, 702 2, 827, 336 3, 025, 160 3, 454, Us3 
Total$..- i22 42, 200, 000 | 43,100, 000 | 45, 700, 000 | 45, 100, 000 | 44, 000, 000 | 44, 900, 000 
—————'ÁÁ—Ó—Ó——i—————— Ee EE Eee 


See footnotes at end of table. 


* Handy & Harman, The Silver Market in 1961, p. 26. 
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TABLE 14.—World production of silver, by countries —Continued 


(Troy ounces) 


Country 1952-56 1957 1958 1959 1960 1961 
(average) 
Asia: 
Buüurmeses 8 1. 028. 744 1. 526, 810 1, 961, 472 2, 041, 395 1, 984, 263 1, 743, 302 
Chihüt.. olco 400, 000 500. 000 600, 000 800, 000 800, 000 800, 000 
IHdlB8 ³ĩðV¹ñů 90, 405 125. 838 109, 528 124, 777 132, 718 179. 144 
Jepen dee 5,896,960 | 6, 543,673 | 6,552,032 | 6,650,928 | 6,912, 602 7, 946, 570 
orea: 
North. 100. 000 300, 000 400, 000 500, 000 500, 000 500, 000 
Republic of........... 77,972 277, 346 247, 788 241, 898 329, 649 460, 341 
Philippines 567. 239 479, 216 497, 987 504, 085 1. 133, 343 812, 793 
Saudi Arabia bb ⁵ ĩð—]ſ ³o¹ A AA ⁊ͤ y y EE 
Tal wann 40, 904 82, 965 52, 380 60, 974 52, 579 77,303 
Total... uo cac 8, 300, 000 9, 800, 000 | 10, 400, 000 | 10, 900, 000 | 11, 800, 000 12, 500, 000 
Africa: 
Algeria (recoverable) .. 193, 890 235, 000 225, 000 400, 000 300, 000 300, 000 
Bechuanaland............ 35 44 42 24 39 
Congo, Republic of the 
(formerly Belgian)...... 4,421,479 | 3,044,868 | 3,793.788 | 4,768.180 | 3,962, 836 3, 470, 000 
Ghana (exports).......... 41, 031 25. 390 45, 762 16, 839 14, 160 7, 027 
KON EE 19, 371 23, 051 44, 146 46, 420 35, 797 37, 962 
Moroc eo — 2, O82, 317 2, 411, 250 2, 411. 000 1, 234, 303 1, 097, 273 907, 905 
Rhodesia and Nyasaland, 
Federation of: 
Northern Rhodesia 9. 453, 598 569, 949 558, 535 935, 678 698, 127 744, 084 
Southern Rhodesia... 80, 257 74,179 264, 630 328, 947 392, 026 106, 801 
South-West Africa (re- 
Coverable?. 1, 110, 283 1, 789. 323 1, 719, 990 1, 966, 955 1, 004, 921 1, 833, 437 
Tanganyika (exports) 10, 804 521, 465 737, 802 536, 407 614, 279 64, 144 
Oe c ues cee E ; 78, 563 113, 556 135, 194 43, 339 34, 401 69, 767 
Uganda (exports)......... 55 21 36 54 109 04 
Union of South Africa.. 1,332,923 | 1,767,472 | 1,705,384 | 2,020,780 | 2,226, 204 2, 288, 279 
Poisel! 8 10, 125,000 | 10, 580,000 | 11,730,000 | 12,300,000 | 10, 380, 000 9, 830, 000 
Oceania: 
Australia. ................ 13, 359, 496 | 15, 739. 400 | 16,270, 181 | 15,076, 363 | 15, 198, 923 | * 13, 000, 000 
JJ! 21, 537 24. 046 25, 375 23, 052 31,319 37. 712 
New QGuinea.............. 51, 510 35, 014 24. 952 36. 796 33. 037 30, 700 
New Zealand............. 37, 767 1. 279 2. 339 4. 873 1. 353 804 
r ĩ³ 13, 470, 300 | 15, 804, 000 | 16, 323, 000 | 15, 142, 000 | 15, 265, 000 13, 069, 000 
World total (estimate). .|220, 700, 000 231, 100, 000 |239, 000, 000 |221, 900, 000 240, 200, 000 | 231, 800. 000 


1 In addition to the countries listed, a negligible amount of silver is produced in Bulgaria, Mozambique, 
Panama, and Turkey, for which countries no estimate has been included in the total. 


2 This table incorporates some revisions, Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Data derived in part from the Yearbook of the American Bureau of Metal Statistics and the 48th annual 
issue of Metal Statistics (Metallgesellschaft) Germany. 

4 Estimate. 

! Recoverable. 

* Refinery production. 

? Estimate, according to 48th annual issue of Metallgesellschaft (Germany) except 1961 which is an extene 
sion of the 1960 estimate. 

! Estimated recoverable silver content of lead and zinc concentrates, according to 1960 annual issue of 
Minerais et Metaux (France) except 1961 which is an extension of the 1960 estimate, 

Y Partially recovered froin refinery sludges and blister copper. 


Compiled by Augusta W. Jann, Division of Foreign Activities. 

Australia.—Silver production in Australia dropped 14 percent to 
13 million ounces, re ecting curtailed output of lead concentrates from 
which most of the country's silver was recovered as a coproduct. 

Mount Isa Mines, Ltd., Queensland, treated 813,000 tons of silver- 
lead-zinc ore assaying 6.2 ounces of silver a ton and reported an ore 
reserve of 25.6 million tons assaying 5.6 ounces a ton, virtually the same 
as in 1960. New Broken Hill Consolidated Ltd., reported increased 
output of lead-zinc ore and a reserve of 4.4 million tons 8 2.7 


ounces of silver a ton. Broken Hill, Mount Isa, Rosebery, and Cap- 
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tains Flat, the principal silver mining areas, furnished 90 percent of 
the total mine output of silver. 

Canada.—After rising for 5 successive years, Canada’s silver output 
dropped to 31.2 million ounces in 1961. This was 2.8 million ounces 
below the record high of 1960. Asa result, Canada dropped to fourth 
place among world silver producers. 

Most of the decline in silver production was in Ontario, but lower 
silver output also was recorded in the Yukon Territory, Saskatchewan, 
Quebec, and Newfoundland. Output in British Columbia and Mani- 
toba continued to increase. 

Two provinces, British Columbia and Ontario, together with the 
Yukon Perrito continued to produce more than three-fourths of the 
total output. Two companies, United Keno Hill Mines, Ltd., and 
Consolidated Mining € Smelting Co. of Canada, Ltd., contributed 
about half of Canada’s total silver production. About 82 percent of 
the total silver was recovered as a coproduct or byproduct of base metal 
ores, and most of the remainder continued to come from silver and 
silver-cobalt ores. 

Exports of silver and silver in ores and concentrates, most of which 
went to the United States, aggregated 23.6 million ounces, compared 
with 21.7 million ounces in 1960. Imports of silver tripled those in 
1960, totalling about 12 million ounces. This sharp increase in im- 
ports resulted chiefly from the return of refined silver from shipments 
of concentrates sent to the United States for treatment. An increase 
in concentrate shipments to the United States followed the closing in 
March 1961 of the Deloro, Ontario, refinery which had treated con- 
centrates from the Cobalt and Gowganda areas for many years. 

Consumption of silver for industrial uses in Canada was estimated 
at 4.2 million ounces, which was about the same as in 1960. Coinage 
consumption also was about 4.2 million ounces compared with 7.5 
million ounces in 1960. 

Trading in silver futures on the Canadian Stock Exchange in 
Montreal began ee? in the year. 

Japan.—Industrial consumption of silver in Japan was about 21.5 
million ounces, virtually the same as in 1960. Coinage consumption 
dropped sharply to 1.4 million ounces compared with 4.6 million ounces 
in 1960. Production of silver was estimated at 7.9 million ounces, 
which was about 1 million ounces more than in 1960. Imports aggre- 
gated approximately 4.4 million ounces, of which 3.5 million ounces 
came from the United States. 

Of the original 64 million ounces of wartime confiscated silver about 
4.5 million ounces was scheduled to be returned to private companies, 
and nearly 2 million ounces have been returned so far. The remain- 
ing 60.5 million ounces was transferred to the Japanese Government, 
and part of this stock was used for coinage. Remaining Government 
stocks were estimated at 47 million ounces.’ 

Mexico.—Production of silver in Mexico, the leading silver- 
producing country, was 40.3 million ounces, 4.2 million ounces less 
than in 1960. Approximately three-fourths of Mexico's silver output 
was recovered as a coproduct or byproduct of lead, zinc, and copper. 


1 Page 20 of work cited in footnote 6. 
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The remaining one-fourth came chiefly from silver ores in the States 
of Hidalgo, Guanajuato, Guerrero, and Durango. 

Industrial consumption of silver was estimated at 3.4 million ounces, 
and about 2.5 million ounces was absorbed in domestic coinage, almost 
equal to the quantity so used in 1960. 

Exports of silver bullion aggregated 33.5 million ounces, nearly half 
of which went to West Germany. The United Kingdom and Switzer- 
land each received about 1.3 million ounces, and 8 million ounces was 
3 to the United States. The remainder went to other European, 
and Central and South American countries. 

Demonetized coin withdrawn from circulation totaled 2.8 million 
ounces, compared with 3.0 million in 1960. About 80 million ounces 
of silver demonetized coin was estimated to be held by the public.“ 
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Fieure 3.—World Production of Silver, 1910-61. 


Peru.—Peru rose to third place among the leading silver-producing 
countries as silver production incr for the 13th successive year. 
Output was up 2.8 million ounces from 1960 to 33.6 million oun 
a new production record. Exports of silver totaled 33.4 million 
ounces, valued at $27.4 million, about 28 percent greater than in 
1960. Cerro de Pasco Corp., the leading producer, produced 16.7 


* Page 19 of work cited in footnote 6. 
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million ounces, about half of the total output. Approximately 40 
percent of Cerro’s output came from its own mines; the remainder 
came from custom ore purchases. The straight silver mines, Castro- 
virreyna Metal Mines Co., San Juan de Lucanas S.A., Cia. Minera 
Caylloma, and Cia. Explotadora Millotengo produced 6.2 million 
ounces, about 18 percent of Peru’s total production. 

United Kingdom.—Consumption of silver in the arts and industries 
of the United Kingdom was estimated at 20 million ounces compared 
with 18.5 million ounces in 1960. Imports of silver totaled 65.8 mil- 
lion ounces, which more than double those in 1960. About 70 percent 
of the imports, 46.4 million ounces came from China, 13.4 million 
ounces from Western Hemisphere countries, and the remainder from 
several other countries.? 

Exports from the United Kingdom (including re-exports) totaled 
26.8 million ounces compared wıth 8.6 million ounces ın 1960. The 
major part of the exported silver went to other European countries 
chiefly Italy, Switzerland, France, and Austria, in order of 
magnitude. 

About 5 million ounces of silver was refined from silver coin with- 
drawn from circulation in the United Kingdom, 1 million of which 
was released for sale in the London Market; the remainder was re- 
tained by the Royal Mint to meet the demand for foreign coinage. 
An additional 2.7 million ounces of silver in coin was received from 
Uruguay and 1 million ounces from Iraq. Total stocks held by spec- 
ulators in London at yearend were estimated at 30 million ounces. 
An additional estimated 10 million ounces was held in inventories to 
meet future requirements. 


TECHNOLOGY 


A composite of silver impregnated with sapphire whiskers de- 
veloped by the space vehicle department of General Electric Co. was 
reported to be five times stronger than the metal itself. The com- 
posite, containing 12.5 percent whiskers, withstands a tension of 118,- 
000 psi, and the added strength permits the metal to perform at 
temperatures far above its normal operating range.!? 

Powder Weld Inc., reported the development of a new method of 
applying a silver coating to aluminum bus bars and switch gear parts 
for the electrical industry. In the process, a silver powder 1s applied 
with a carrier gas, and melted and bonded with a small torch. The 
method forms an anodic bond of silver with the aluminum and 1s re- 
ported to be much more economical than the standard electroplating 

rocess. 
E Silver impregnated molybdenum and stainless steel gaskets and seals 
developed by Armour Research Foundation withstood pulsating pres- 
sures of 5,000 psi at temperatures up to 1,200? F. "The sealing com- 
posite combines the resiliency of the fiber metal skeleton with the 


9 Pages 21, 23 and 27 of work cited in footnote 4. 
"e EH & Engineering News. Research & Technology. V. 89, No. 83, Aug. 14, 1061. 
p. 51. 


SILVER 1121 


softness and conformability of the filler meta] to provide an effective 
corrosion resistant seal.“ 

Two electrolytic processes for treating silver, one using catophoretic 
deposition of an oxide layer, the other electrolytic chromating, were 
reported to be effective in eliminating tarnishing problems in applica- 
tions such as electrical contacts and surfaces for soldering.’ 

A method of silver plating by chemical reduction was patented.” 
The method comprises essentially an alkali metal cyanide and a dis- 
solved hypophosphite reducing agent in conjunction with dissolved 
silver ions and a compound containing undissolved silver ions in con- 
tact with the plating solution. 

A patent ** was issued for an electroplating cell for recovering silver 
from spent Den Ee solutions using a cylindrical cathode sur- 
rounding a cylindrical anode. 

Another patented device for reclaiming silver from photographic 
baths used circumferentially spaced electrodes and a removable circu- 
lating pump mounted on the electrode unit.“ 

Continuous photocurrent measurements on silver halide cells to 
distinguish between photoconductive or photocatalytic and photogal- 
vanic effects were dcs ped and the results reported in & trade 
journal.“ 


1 Materials in Design Engineering. Fiber Metal Seals Take 5,000 Psi, 1200“ F. V. 53, 
No. 4, April 9985 817 17. 

12 Steel. Ends Silver Tarnishing. V. 148, No. 14. Apr. 3, 1961, p. 81. 

12 Brookshire, R. R. (assigned to Hughes Aircraft Co.). Methods of Silver Plating by 
Chemical Reduction. U.S. Pat. 2,876,180, Mar. 21, 1961. 

14 Cedrone, N. J. (assigned to Hispeed Equipment mer Electrolytic Cell for Recovery 
of Silver From Spent Ce WE ixing Baths. U.S. Pat. 3,003,942, Oct. 10, 1961. 

15 James, C. E., and P. Fedelchak. Device for Reclaiming Silver From Photographic 
Hypo Baths. U.S. Pat. 2,997,438, Aug 22, 1961. 

16 Zaromb, 8., M. E. Lasser, and F. Kalhammer. Cyclic Photogalvanic Silver Halide 
Cells. J. Electrochem. Soc., v. 108, No. 1, January 1961, pp. 42-47. 


Slag—Iron-Blast Furnace 


By Perry G. Cotter! 


4 


RODUCTION of pig iron continued high, but output of proc- 
p essed iron-blast furnace slag declined 11 percent in 1961. The 
decline does not reflect a lessened demand for processed slag but 
rather a shortage of material available to processors. In some areas 
of the United States, slag banks built up in past years were exhausted, 
and processors had to rely on the daily production of slag from fur- 
naces. In other areas, operators used the slag from their aces for 
fill and other p instead of selling it to processors. The short 
supplies of slag for processing caused some slag companies to make 
available sand and gravel to their customers. 


TABLE 1.—Iron-blast-furnace slag processed in the United States, by types 
(Thousand short tons and thousand dollars) 


Granulated Expanded 
Year 
Quantity Value Quantity] Value Quantity] Value! | Quantity] Value 
1952-56 (average).... 8, 559 
1057 IET 4. 318 
1956 LES 8, 536 
17770 2 702 
e IEA 8. 027 
EEN 2, 663 


1 Excludes value of slag used for manufacturing hydraulic cement. 
Source: National Slag Association. 


DOMESTIC PRODUCTION 


Output of processed iron-blast-furnace slag totaled nearly 26 million 
short tons in 1961, compared with 29 million tons in 1960. 
The 40 reporting slag processing companies operated 64 air-cooled ; 
16 granulated ; md 22 expanded-slag plants. 
lag rocessing was reported from 16 states. Pennsylvania, Ohio, 
and shania led, with Pennsylvania the top producer in both volume 
and sales value. 


1 Commodity specialist, Division of Minerals. 
1123 


1124 MINERALS YEARBOOK, 1961 


Recovery of Iron.—In 1961, 372,017 tons of iron slag eet 60 per- 
cent iron) was recovered during processing of slag and returned for 
remelting, a 19-percent decrease from 1960. 

Employment.—A total of 3,554,000 man-hours was worked by 1,854 
plant and yard employees in producing commercial slag, compared 
with 4,090,952 man-hours by 2,010 plant and yard employees in 1960. 
Output at slag operations was 7.23 tons of processed slag per man- 
hour, up 3 percent from 1960; in 1941, 4.8 short tons was produced 

r man-hour. Injury experience of 49 competing plants in the 1960 

ational Slag Association Safety Competition was the best in the 
12-year history. Top safety honors were awarded to the Lackawanna 
No. 2 plant of Buffalo Slag Co., Inc., at Lackawanna, N.Y., for the 
best safety record in the large-plant group and to the Middletown, 
Ohio, plant of American Materials Corp. in the small-plant group. 
For the first time in 10 years no fatalities were recorded. 
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FIGURE 1.—Production of iron-blast-furnace slag compared with yards of con- 
crete pavement (contract awards), monthly average, and value of new 
construction compared with value of processed slag, 1940-61. 
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TABLE 2.—Iron-blast-furnace slag processed in the United States, by States 
(Thousand short tons and thousand dollars) 


Year and State 


ii A A 
Other States 1... . 


Pennsylvania... ......l. e 00-2-0222 002 0...2.. 
Other States MA 


/ ³ AAA... v 


1 California, Colorado, Illinois, Todna; Kentucky, Maryland, Michigan, Minnesota, New Jersey, New 
York, Tennessee, Texas, and West Virginia. 


Source: National Slag Association. 


Methods of Transportation.—Shipments of processed slag by rail and 
truck, as in other years, accounted for most of the tonnage. Ship- 
ments by water decreased 22 percent. 


CONSUMPTION AND USES 


Screened air-cooled slag constituted 75 percent of the total output of 
processed slag. Production of other types was as follows: Unscreened 
air-cooled, 6 percent; granulated, 10 percent; and expanded, 9 percent. 

Screened Air-Cooled Slag.—Consumption decreased y approximately 
2.7 million tons, chiefly because of diminished use in highway and air- 

rt construction, in bituminous pavement, and as railroad ballast. 

light increases were noted in the tonnages used for mineral wool and 
roonng. 


TABLE 3.—Shipments of iron-blast-furnace slag in the United States, by methods 
of transportation 


1960 1961 
Method of transportation 

Thousand | Percent | Thousand | Percent 

short tons of total short tons of total 
¿A 8. 379 29 7, 458 29 
jussi. GIRO EDT TRE RENI NR RC 19, 492 68 17, 360 68 
Water WAY eebe eege 2 578 2 
Total shipment... 28, 609 99 25, 396 99 
Interplant handling 1... LL lll. 189 1 285 1 
Total pose... 28, 798 100 25, 681 100 


1 Confined mainly to granulated slag used in manufacturing cement. 
Source: National Slag Association. 


1126 MINERALS YEARBOOK, 1961 


MILLION SHORT TONS MILLION DOLLARS 
30 60 


LAs 


EE 
Te 


TE 
TIE 


d ^ 
N 
NN 
\ 
AAN N 
A AN Ai d 
AAN 
\ 
AN 
ANN 
GAN AN) 
T VK ^ A 
MAN A A 
NN N A LAN 
A ANN SSA 
ANN 
A 
/ ` N Ly 
A Y »* » M 
AN *,*,° 
N vis 
x 
x 
x 
2 » 


Ta 
TS Vru 


ft 
DI) IE 


n. 


Y 
1946 1948 1950 pre de "1956 1958 1960 
FieurE 2.—Consumption and value of air-cooled, iron-blast-furnace slag sold 
or used in the United States, 1946-61. 


TABLE 4.—Air-cooled iron-blast-furnace slag sold or used by processors in the 
United States, by uses 


(Thousand short tons and thousand dollars) 


Year and use 


1960: 
Aggregate in— 
Portland-cement concrete construction 
Bituminous construction (all 


Mineral Kool- 

Roofing (co terial) EE 
Sewage dE filter medium. 

6 , iming 


1 Other than in portland ment concrete and bituminous construction. 
Source: National Slag Association. 


SLAG—IRON-BLAST FURNACE 1127 


TABLE 5.—Granulated and expanded iron-blast-furnace slag sold or used by 
processors in the United States, by uses 


(Thousand short tons and thousand dollars) 


1960 1961 


Use Granulated Expanded 


1 Data not available. 
2 Excludes manufacture of hydraulic cement, value not available. 


Source: National Slag Association. 


Unscreened Air-Cooled Slag.—Fifty-three percent of the unscreened 
air-cooled slag was used in highway and airport construction, a 
17-percent increase from 1960. 

ulated Slag.—The principal use for granulated slag was in 
manufacturing portland blast-furnace slag cement. This use ac- 
counted for 58 percent of the total production of 2,633,000 short tons. 
Twenty-seven percent was used in highway construction as base, sub- 
grade, and fill. Production decreased 12 percent from 1960. 

Expanded Slag.—Production of expanded slag for lightweight con- 
crete block and for aggregate in lightweight structural concrete was 
2.2 million tons, slightly lower than in 1960. 


PRICES 


The average unit value of processed slag ranged from $0.66 to $2.99 
per short ton, according to type. Slight increases in price were noted 
or slag used for bituminous paving, highway and airport construc- 
tion, manufacture of concrete block, railroad ballast, mineral wool, 
and sewage trickling medium. 
The small quantity of granulated slag used in highway construction 
for base and subgrading increased 25 percent in unit value over 1960. 


TECHNOLOGY 


A Westphalian steel pant used & specially designed truck to move 
ladles of molten slag from blast furnaces to slag pit. The cab was 
heat-shielded, and the truck had heat-resistant tires. Ladles contain- 
ing 33 to 38 tons were moved at 20 miles per hour. It was claimed 
that the trucking system was more economical to operate than a 
railroad transportation system with its high capital and operating 
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TABLE 6.—Average value of iron-blast-furnace slag sold or used by processors 
in the United States, by uses 


(Per short ton) 


Air-cooled 


Granulated Expanded 
Use 


1960 1961 1960 


— — o —ñä—— | — | —— — 


Aggregate in— 
Portland- ment concrete con- 
Struetlon ..----------000----- s / ᷣ ER, GE 1 $2. 78 
Bituminous construction (all 
US DGS) la auus ce qc rase 
pM and airport construc- 
J); See 


Railroad ballsst. 000000000n i : ))); 8 
Roofing (cover materlal)..........-.- 00 j! 8 
Sewage trickling filter medium . WOO WG AS AA TERI ortam c rap 


! Lightweight concrete. — ? Other than in portland-cement and bituminous construction. 
3 Base and subgrade material. 


Source: National Slag Association. 


costs, and because trucks were not tied to a fixed timetable. Savings 
were also made because of reduced personnel requirements.? 

An hydraulic conveying system for moving granulated slag from 
pit to storage reservoir was described. Economics of this system as 
compared with other systems were reported. Descriptions of armored 
high-pressure centrifugal pumps, rubber-lined conveying pipes, and 
methods of maintenance were given. Cast-basalt liners were used in 
slurry tanks. Equipment was illustrated. 

Slag sand and slag dust were used to make a refractory brick for 
lining metallurgical furnaces. Components used experimentally were 
20 to 80 per cent wastes (slag sand or dusts from granulating) and 25 
to 75 percent vitreous a 

An insulating material that was heat-resisting and sound-deadening 
was produced by granulating, crushing, and screening a porous mass 
of blast-furnace slag.* 

In producing crystalline building brick, 5 to 10 por of pumice, 
basaltic tuff, or diabase tuff was added to molten blast-furnace slag. 
and the mixture slowly cooled to form either brick or material whic 
could be crushed for aggregate.* 


2 Engineer. V. 211, No. 5484, Mar. 13, 1961, p. 356. 

3 Altpeter, W. Erfahrungen mit der Hydraulischen Forderung von Hochofenschlacken- 
sand und anderen Festoffen in Hüttenwerken (Experience With the Hydraulic Transfer of 
Blast-Furnace-Slag and Other Furnace-Sinters in a Metallurgical Plant). Stahl u. Elsen. 
v. 81, No. 15, July 20, 1961, pp. 1006-1014. 

* Kessler, H. (assigned to Hilttenwerk Rheinhausen, A. G.). Verfahren zur Herstellung 
von Menem (Method for Manufacturing Metallurgical Brick). German Pat. 1,066,941, 
Oct. 8. 1959. 

8 Vilpert, E., and Y. M. Thiebaud. Fabrication d'un laitier spécial ultra-léger de haut 
fourneau utilisable comme matériau isolant et pour les constructions légères (Manufac- 
ture of a Very Light Insulating Material From Blast Furnace Slag, Usable for Light 
Construction). French Pat. 1,235,403, May 30, 1960. 

e Wolf, E. (assigned to Bauersteinwerk der Stadt Kassel). Verfahren sur Herstellung 
von Kryatallinen Steinen aus Schlackinschmelzen (Method for Making Crystalline Bricks 
From Molten Slag). German Pat. 1,065,315, Sept. 10, 1959. 
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A mixture of water-granulated blast-furnace slag and minus 140- 
mesh silica was agitated and heated to 1,800° to 2,300° F whereby the 
bloated slag was coated with silica. The mixture was then heated to 
1,900° to 2,000° F. The bloated slag composition resulting from this 
process weighed 25 pef.“ 

Concrete structural units that have high fire and radiation resistance 
were made of a mixture of 80 percent blast-furnace slag, 20 percent 
portland cement, and a minor quantity of calcium chloride. e con- 
crete formed contained a larger amount of calcium trisilicate than reg- 
ular slag cements and was heat resistant up to 1,200° C. The addition 
of approximately 1 percent boron carbide made the structures 
substantially impermeable to radiation caused by nuclear blast.“ 

A pea resembling natural, vesiculated, basaltic rock was pro- 
duced by a method in which molten blast-furnace slag was mixed with 
5 to 15 percent of ground rock or granulated mineral additive such as 
a basic or ultrabasic rock. The mixture was stirred, cooled slowly, 
and crushed. Adding the basic constituent converted a normally dry 
slag to a wet melt, which solidified in porous and crystalline form.“ 

French patent described a method for producing high-strength 
hydraulic cement by grinding together flue ash, blast-furnace slag, 
gypsum, and sodium hydroxide and adding crystal nuclei.!? 

British patent described a method by bien anulation of foamed 
blast-furnace slag was eliminated. The foamed hot slag was carried 
to a seasoning station while the stream was surrounded by a water film. 
By this method the inner structure of the slag was maintained in a 
plastic foamed condition." 

The new plant of Margram Slag Co. at Port Talbot, Wales, was 
designed to produce three types of material]: Air-cooled slag for bal- 
last, concrete aggregate, and roadstone; granulated slag for cement; 
and foamed slag for building construction. Three-stage crushing was 
used to give best particle shape for roadstone. The plant was designed 
to supply large hourly demands for roadstone and also allow steady 
production of a number of sizes of aggregate. The coating plant was 
automatically controlled by a system MER regulated such variables as 
binder type and quality, flux and filler requirements, and heating and 
mixing times.!? 

A. cement that resisted the corrosive action of sulfate water was pro- 
duced by mixing a portion of clinker with equal parts granulated 
blast-furnace slag and quick-setting cement. e process required 
controlled particle sizes of both slag and cement." 

In a process for granulating slag, molten blast-furnace slag was 
fed at a high speed tangentially into an upright funnel provided with 
a venturi-like outlet. The melt separated into small droplets, the size 

1 Parsons, J. R. (assigned to Chicago Fire Brick Co.). Lightweight Aggregate. U.S. 
Pat. 2,977,229, Mar. 28, 1961. 

8 Stocker. R. Concrete Structure. U.S. Pat. 3.002.843, Oct. 3, 1961. 

9 Schlosser & Co., G.m.b.H. Improvements Relating to the Manufacture of Crystalline 
and Porous Slag Bricks or Blocks. British Pat. 881,219, Nov. 1, 1961. 

10 Durlez. M. J. J., and R. E. A. Lezy. Nouveaux Ciments Quaternalres (New Quarter- 
nary cement). French Pat. 1,210,920, Oct. 5, 1959. 

1 Chocola, Improvements in Methods of and Apparatus for Producing Foamed Slag 
and Like Materials. British Pat. 881,048. Nov. 1, 1961. 

12 Mine and Quarry Engineering (London). Margram Slag Processing Plant. V. 27, 
No. 4. April 1961, pp. 162-168. 

13 Société Ciments de la Porte de France. Procédé de fabrication d'un liant A prise 


rapide résistant aux agents agressifs (Process for Making a Quick-Setting, Easily-Worked 
Acid-Resistant Cementitious Material). French Pat. 1,209,787, Sept. 21, 1959. 
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TABLE 6.—Average value of iron-blast-furnace slag sold or - 
in the United States, by uses water filled 


89 - _etroleum products, 
N nag was coated with 
3 charged as a bed to the 


v uct was filtered through it 


Use Screened 


1960 | 196" gritish Admiralty tests to deter- 
— ` on ships’ hulls. Some abrasive 


Aggregate in— UE rim 
Portland-cement concrete eon. „ "rx & pretreatment primer before 
ant pr » JU" Q À rn. e D 
Bituminous construction (all E “ds of Slag analysis were reviewed, and 
Highway and airport constr pean Dad reproducibility of these methods were 
pa Manufacture of concrete * aa a hy was considered to give more rapid 
Mineralwool.......... % qu her fusion methods or dry powder 
Roofing (cover materi” J. fl, lun 
Sewage trickling fle ` , el SE e 
Agricultural slag, Cu" pod by which the determination of calcium, 
Other uses... 4 ge dium in slags, sinters, and raw materials was 
A KÉN y . . D 
n" Ar, mif, combination of ion exchange and complex- 


D R 1 3 A P e > 
? Lightwe Ke pours used. Methods of sample ee ee preparation 
ie In “nods “tical procedures were given. Tables compared 
Source mid ie mer d ana 
wi te, auc, obtained by standard methods.“ 


ose ; 
cost f ese" Ah, tests on 11 grades of granulated slag of different 
we pelts reni h itions were made using the Los Angeles test and 


Grand ee od of A. Hummel. A comparison was made of the 
rie ¿fed „formation gained by each of these methods. The inter- 
, Actes of eed strength and total porosity was described. 
tion t used was illustrated.” 
ai ry studies by the U.S. Bureau of Public Roads on strength, 


and other properties of air-entrained concretes prepared 


strength than comparable portland-cement concrete. Slag- 
ultima. had greater durability under laboratory freezing and thaw- 
i Ge . It was also determined that slag-cement with sufficiently 
ing ‘slag content might be suitable for use with highly alkali- reactive 
SC ate.“ 


ys Hüttenwerk, Salzgitter, A. G., Drutte 1, Germany. Improvements Relating to Processes 
d Apparatus for Granulating Metal and Slag Melts. British Pat. 873,394, July 26, 1961. 
ans Hunn, O. D. (assigned to Sinclair Refining Co., New York, N.Y.). Process for Debaz- 
ing Petroleum Hydrocarbons With Soluble Sodium Silicate. U.S. Pat. 2,978,279, Feb. 28, 


1981, owlands, J.C. Paint Performance on Grit Blasted Ships’ Hulls. J. Iron and Steel 

pst., V. 199, pt. 4, pp. 329-333. 

11 Argyle, A. . Analysis of Slags— The Present Position. Brit. Cast Iron 
Res. Assoc. J., v. 9, No. 3, May 1961, pp 364-376. 

Lewis, L. L., M. J. Nardozzl, and L. M. Melnick. Rapid Determination of Aluminum, 
Calcium, and Magnesium in Raw Materials, Sinters, and Slags. Anal. Chem., v. 33, No. 10, 
September 1961, PP; 1351-1355. 

Kayser, W. ntersuchung zur Ermittlung der Stoffelgenshaf ten von Hüttenbims 
ees SÉ Properties of Foamed-Slag). Stahl u. Eisen, v. 81, No. 19, September 
, PP. -1292. 

30 Grleb, W. E., and G. Werner. Final Report of Tests of Concrete e 85 Portland 

Blast-Furnace Slag Cement. Public Roads, v. 31, No. 9, August 1961, pp. 183-193. 


lium and Sodium Compounds 
T »bert T. MacMillan 3 and Victoria R. Schreck? 


de 


UTPUT of sodium carbonate decreased less than 1 percent in 
O 1961, compared with 1960, but sodium sulfate increased nearly 
7 percent. Natural sources of these commodities continued to 

play an increasingly important role in the total production. 


LEGISLATION AND GOVERNMENT PROGRAMS 


The Federal Bureau of Land Management proclaimed new rules 
governing the issuance of sodium prospecting permits. Under the 
new rules not more than 5,120 acres may be leased for sodium pros- 
pecting in any one State by a single individual, association, or cor- 
poration ; except that 15,360 acres may be leased where it can be proved 
necessary for economic mining. The annual rental of 25 cents per 
acre placed sodium leases on the same basis as potassium. Each 
prospector was required to post a $1,000 bond. 

On June 30, 1961, 986 sodium permits were in effect on 2 million 
acres of land administered by the Bureau of Land Management. 
Most of the permits were issued in California, Nevada, and Wyo- 
ming. Complete text of the amendments was published in the supple- 
ment to the Code of Federal Regulations. 


DOMESTIC PRODUCTION 


Total output of soda ash (sodium carbonate) in 1961 was slightly 
below the 1960 output and considerably below the record high produc- 
tion of 1959. Soda ash from natural sources continued to hold about 
15 percent of the total market although the upward trend in natural 
ash for several years was halted by a very slight production decrease 
in 1961. 

There were several indications, however, that the slowing in natural 
soda ash production would be temporary. Expansion of the trona 
mine and plant of FMC Corp.* near Green River, Wyo., was in pro- 
gress, and in the same formation but several miles away, the new 


1 Commodity specialist, Division of Minerals. 
3 Statistical clerk, Division of Minerals. 

toes 95 3 Regulations, Cumulative Pocket Supplement. Title 43, pt. 195, Jan. 1, 
« Name changed May 28, 1961, from Food Machinery & Chemical Corp. : 
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of which could be regulated, and dropped into a water filled 
container.“ 

To remove undissolved water from light liquid petroleum products, 
a carrier of 1-inch- to 20-mesh-blast- ace slag was coated with 
sodium silicate. The resulting materia] was charged as a bed to the 
contacting tower, and the petroleum product was filtered through it 
at 80° to 105° P.15 

Blast-furnace slag grit was used in British Admiralty tests to deter- 
mine effectiveness SEH blasting on ships’ hulls. Some abrasive 
particles were embedded, but use of a pretreatment primer before 
painting reduced paint breakdown.!* 

Various spectrographic methods of slag analysis were reviewed, and 
results of tests for accuracy and reproducibility of these methods were 
reported. Solution spectrography was considered to give more rapid 
and reliable results than either fusion methods or dry powder 
methods.! 

A method was described by which the determination of calcium, 
aluminum, and magnesium in slags, sinters, and raw materials was 
made in 2 hours. A combination of ion exchange and complex- 
ometric methods was used. Methods of sample solution, preparation 
of reagents, and analytical procedures were given. Tables compared 
results with those obtained by standard methods.** 

Grain strength tests on 11 grades of granulated slag of different 
origins and compositions were made using the Los Angeles test and 
the modified method of A. Hummel. A comparison was made of the 
exactness of information gained by each of these methods. The inter- 
relation between strength and total porosity was described. 
E E used was illustrated.“ 

La oratory studies by the U.S. Bureau of Public Roads on strength, 
durability, and other properties of air-entrained concretes prepared 
with portland blast-furnace slag cement were completed. It was con- 
cluded that slag-cement concrete had lower early strength but higher 
ultimate strength than comparable portland-cement concrete. Slag- 
concrete had greater durability under laboratory freezing and thaw- 
ing tests. It was also determined that slag-cement with sufficiently 
high slag content might be suitable for use with highly alkali-reactive 


aggregate. 


14 Hüttenwerk, Salzgitter. A. G., Drutte 1, Germany. Improvements Jr, to Processes 
and Apparatus for Granulating Metal and Slag Melts. British Pat. 873,394, July 26, 1961. 
18 Hunn, O. D. (assigned to Sinclair Refining Co., New York, N. T.). Process for haz- 
ing Petroleum Hydrocarbons With Soluble Sodium Silicate. U.S. Pat. 2,978,279, Feb. 28, 


Inst., e 199, pt. 4, pp. 329-333. 

11 Argyle, A. a Analysis of Slags—The Present Position. Brit. Cast Iron 
Res. Assoc. J., v. 9. No. 3. May 1961, pp. 364-376. 

11 Lewis, L. L., M. J. Nardozzl, and L. M. Melnick. Rapid Determination of Aluminum, 
Calcium, and Magnerium in Raw Materials, Sinters, and Slags. Anal. Chem., v. 33, No. 10, 
September 1961, PR; 1351-1355. 

? Kayser, W. ntersuchung zur Ermittlung der Stoffeigenshaften von Hüttenbims 
(Investigation of 925 Properties of Foamed-Slag). Stahl u. Eisen, v. 81, No. 19, September 


1961, pp. 1288-1 : 
30 Grleb, W. E., and G. Werner. Final Report of Tests of Concrete a Portland 
Blast-Furnace Slag Cement. Public Roads, v. 31, No. 9, August 1961, pp. 153-193. 


Sodium and Sodium Compounds 


By Robert T. MacMillan * and Victoria R. Schreck? 


4 


UTPUT of sodium carbonate decreased less than 1 percent in 
1961, compared with 1960, but sodium sulfate increased nearly 
7 percent. Natural sources of these commodities continued to 

play an increasingly important role in the total production. 


LEGISLATION AND GOVERNMENT PROGRAMS 


The Federal Bureau of Land Management proclaimed new rules 
governing the issuance of sodium prospecting permits. Under the 
new rules not more than 5,120 acres may be leased for sodium pros- 
pecting in any one State by a single individual, association, or cor- 
poration ; except that 15,360 acres may be leased where it can be proved 
necessary for economic mining. The annual rental of 25 cents per 
acre placed sodium leases on the same basis as potassium. Each 

rospector was required to post a $1,000 bond. 

On June 30, 1961, 986 sodium permits were in effect on 2 million 
acres of land administered by the Bureau of Land Management. 
Most of the 1 were issued in California, Nevada, and Wyo- 
ming. Complete text of the amendments was published in the supple- 
ment to the Code of Federal Regulations.“ 


DOMESTIC PRODUCTION 


Total output of soda ash (sodium carbonate) in 1961 was slightly 
below the 1960 output and considerably below the record high produc- 
tion of 1959. Soda ash from natural sources continued to hold about 
15 percent of the total market although the upward trend in natural 
ash for several years was halted by a very slight production decrease 
in 1961. 

There were several indications, however, that the slowing in natural 
soda ash production would be temporary. Expansion of the trona 
mine and plant of FMC Corp.* near Green River, Wyo., was in pro- 
gress, and in the same formation but several miles away, the new 


1 Commodity specialist, Division of Minerals. 

3 Statistical clerk, Division of Minerals. 

3 Code of Federal Regulations, Cumulative Pocket Supplement. Title 43, pt. 195, Jan. 1, 
1962, pp. 165-171. 

«Name changed May 23, 1961, from Food Machinery & Chemical Corp. 
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mine and refinery of Stauffer Chemical Co. was nearing complet ion. 
Other chemical firms were reported to be interested in the Wyoming 
trona deposits. 


TABLE 1.—Manufactured sodium carbonate produced and natural sodium car- 
bonates sold or used by producers in the United States 


(Thousand short tons and thousand dollars) 


Quantity Quantity Value 


1952-56 E EEN 4, 735 507 $12, S78 
Se ie ee ia ere A aaah EEN 4, 659 653 17. 792 
r ³oðW6AA.ſͥĩ] dd EE 8 4, 324 629 17,432 
133 ESTRE T EE EES 4, 904 735 19,079 
// A EE 4, 555 $09 20. 855 
j 1" RE $ 4, 516 Cd , 444 


1 Bureau of tbe Census. 
A Includes quantities used to manufacture caustic soda, sodium bicarbonate, and finisbed light and dense 
a ash. 
3 Soda ash and trona (sesquicarbonate). 


4 Preliminary figure. 
TABLE 2.—Sodium sulfate produced and sold or used by producers in the 
United States 
(Thousand short tons and thousand dollars) 
Production (manufactured ! and Sold or used hy pro- 
natural) ducers (natural only) 
Year 


Salt cake 
(crude) 


—— ——2 III 2 2 ege see ee e e 


1 Bureau of the Census. 
2 Includes glauber salt converted to 100-percent NaSO; basis. 
3 Preliminary figure, 


To satisfy a growing preference among consumers for dense soda 
ash a leading producer of manufactured soda ash was reported to be 
doubling its production of the dense variety. Made from light ash, 
the denser product weighed about 66 pounds per cubic foot and was 
nearly twice as heavy as the light ash. Fewer storage, handling, and 
dusting problems were encountered with the dense ash. These ad- 
vantages were worth the slightly higher price of the dense compared 
with the light ash.* 


5 Chemical & Engineering News. More Natural Soda Ash on the Way. V. 39, No. 43, 
Oct. 23, 1961, pp. 44, 46. 

* Oil, Paint and Drug Reporter. Dense Ash Capacity Being Hiked by Solvay. V. 180, 
No. 22, Nov. 27. 1961, p. 8. 
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Natural sodium carbonate was produced from brines of Searles 
Lake and Owens Lake in California and from a large bedded deposit 
of trona in southwestern Wyoming. In California, Searles Lake 
brines were used to produce sodium carbonate and other chemicals b 
American Potash & Chemical Corp. at Trona and by Stauffer Chem1- 
cal Co., West End Division, at Westend; Owens Lake was the source 
of sodium carbonate produced near Bartlett, Calif., by Pittsburgh 
Plate Glass Co., Chemical Division, formerly Columbia Southern 
Chemical Corp. 

In Wyoming, Intermountain Chemical Co., a subsidiary of FMC 
Corp., mined trona at a depth of 1,500 feet from a 9- to 11-foot bed- 
ded deposit near Rock Springs (Sweetwater County). Most of the 
mine output was converted in the refinery to high-grade commercial 
soda ash. 

Annual growth rate for the chlor-alkali industry as a whole was 
estimated at 4.5 percent for the period 1960-65. Soda ash growth 
was pegged at a modest 1.5 percent, caustic soda at 4.5 percent, and 
chlorine at 5 percent. Growth achieved by chlorine during the 1950's 
was 9.4 percent.’ 

Total output of sodium sulfate, including both the natural and by- 
product varieties, increased Y percent in 1961, compared with the 
preceding year. The production increase from natural sources was 
only 4 percent, the smallest gain from this source in several years. 
Natural sources of sodium sulfate supplied nearly 41 percent of the 
total output. 

Natural sodium sulfate was produced in California, Wyoming, 
and Texas. In California, American Potash & Chemical Corp. and 
Stauffer Chemical Co., West End Division, produced sodium sulfate 
from Searles Lake brines at Trona and Westend, respectively ; United 
State Borax & Chemical weal produced sodium sulfate as a coproduct 
in making boric acid from borax. In Wyoming, William E. Pratt 
and the Sweetwater Chemical Co. produced sodium sulfate from semi- 
dry lakebeds. 

In Texas, Ozark-Mahoning Mining Co. produced sodium sulfate 
from subterranean brines at Monahans and Brownfield. A 50 per- 
cent expansion of the Brownfield plant was completed in 1961, boost- 
ing the output to 115,000 tons. Output of the Monahans plant was 
about 40,000 tons.“ 

Additional sodium sulfate capacity also was being installed by 
Stauffer Chemical Co., West End Division, at Westend, Calif. The 
expansion was said to raise the sodium sulfate output of the plant to 
200,000 tons per year.? : 

Figures on the production of metallic sodium for 1961 were with- 
held to avoid disclosing individual company confidential data. Three 
companies were reported to be in production: E. I. du Pont de 
Nemours & Co., Inc., with plants at Niagara Falls, N.Y., and Memphis, 
Tenn.; Ethyl Corp., with plants at Baton Rouge, La., and Houston, 
Tex.; and National Distillers & Chemical Co., at Ashtabula, Ohio. 


Chemical & Engineering News. Chlor-Alkall Growth Pegged at 4.5%. V. 8, No. 22, 
May 29, 1961, p. 25. 

3 Chemical Week. Snlt Cake. V. 89, No. 22, Dec. 2, 1961. p. 30. 

* Mining World. What's Going on in Mining—California. V. 28, No. 1, January 1961, 
p. 47. 
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CONSUMPTION AND USES 


The largest use of sodium carbonate continued to be in the manufac- 
ture of glass which consumed an estimated 40 percent of the total pro- 
duction. Glass containers consumed the test quantity of soda ash; 
plate glass—particularly automobile glass—was also an important 
consumer, Manufacture of chemicals consumed about one-third of 
the soda ash output. Sodium tripolyphosphates, sodium silica 
sodium bicarbonate, and lime-soda caustic were the chief chemi 
outlets for soda ash. The abundance of caustic soda from the increas- 
ing number of electrolytic chlor-alkali plants continued to lessen the 
demand for caustic from lime-soda caustic plants. However, in- 
creasing demand for soda ash from the phosphate and silicate indus- 
tries tended to offset the declining lime-soda caustic industry. 

Other uses of soda ash were in pulp and paper manufacture, water 
treatment, nonferrous metal production, cleaners, soap, textiles, and 
dyes. Increasing use of liquid detergents resulted in greater use of 
potassium compounds for this purpose at the expense of sodium 
compounds.“ 

The chief use of sodium sul fate continued to be in the kraft paper 
industry where sodium sulfate is added to pulpwood digesters to aid 
in dissolving lignin and releasing cellulose fibers. An estimated 70 

ercent of the total sodium sulfate output was consumed by this in- 

ustry. Other uses of this chemical were in manufacturing glass, 
ceramic glazes, detergents, stock feeds, dyes, textiles, medicines, and 
miscellaneous chemicals. 

Metallic sodium was used chiefly in producing tetraethyl lead (TEL) 
and tetramethyl lead (TML), two compounds added to motor fuels 
to increase their antiknock rating. Formerly, TEL was used almost 
exclusively to improve the antiknock characteristics of motor fuels; 
however, TML began to be used in substantial quantities in 1960 and 
indications were that it would provide strong competition for TEL. 
Several blends of the two agents together with scavenging agents 
were avallable. 

The supply-demand outlook for TEL and TML was clouded by 
technological changes brought about by the increasing use of jet 
aircraft, which use no antiknock fuel additives, and smaller auto- 
mobiles, which require less of the additives. Nevertheless several 
new TML plants were planned or under construction." 

Metallic sodium also was used in metal descaling, in ore reduction, 
and in making sodium peroxide, hydride, amide, cyanide, borohydride, 
and other chemicals. 

10 (11, Paint and Drug Reporter. Henvy Chemicals. V. 179, No. * 7 24, 1961, p. 85. 


u Chemical & Engineering News, New Producers Invade Faltering Market. V. 39, 
No. 21, May 22, 1961, pp. 25-26. 
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PRICES 


Prices quoted for sodium carbonate, sodium sulfate, and sodium 
by Oil, Paint and Drug Reporter were mostly unchanged from 1960. 


Prices for these commodities in 1961 were as follows: 
Commodity: 
Sodium carbonate (soda ash 58 percent Na40): Price 
Light, paper bags, carlots. ...........- per hundredweight.. $1.85 
Might, lll! 8 do. L 55 
Dense, paper bags, carlots...........-...-.-.-.-.-- do 1. 90 
e . e eege do 1. 60 
Sodium sulfate (100 percent Na,SQ,): 
Technical, anhydrous, bags, earlota per ton... 156. 00 
Technical detergent, rayon grade, bags, carlots, works_do..... 38, 00 
Technical detergent, rayon grade, bulk, works do 34. 00 
Domestic salt cake, bulk, works do.... 28. 00 
N.F. VII, drums... olo Ry mESewel per pound 22% 
Metallic sodium: 
Bricks, lots of 18,000 pounds and over, works do. . 21 
Fused, lots of 18,000 pounds and over, works do.... . 194 
Bulk; tank, Vork«kk«‚k‚k‚k‚.. do- . 17 


¡Delivered east of Mississippi River. 


FOREIGN TRADE ”” 


Imports of sodium sulfate continued the upward trend of the last 
5 years with a 17-percent gain in 1961 and were about 15 percent of 
the combined imports And production; Belgium and Luxembourg 
supplied 47 percent of total imports and Canada, 43 percent. The 
remaining tonnage was supplied by the Netherlands, West Germany, 
and the United Kingdom. 

Exports of sodium sulfate were slightly greater in 1961 but were 
only 3 percent of the domestic production. Sodium carbonate exports 
decreased about 15 percent compared with 1960, and were only 3 
percent of domestic output. 


TABLE 3.—U.8. imports for consumption of sodium sulfate 
(Thousand short tons and thousand dollars) 


Crude (salt cake) Anhydrous 


1 Includes glauber salt, as follows: 1958, 12 tons, at $830; 1959, 227 tons, at $4,839; 1960, 7 tons, at $479; 1961, 
none. 
Source: Bureau of the Census. 


2 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from recoras of the U.S. Dept. of Commerce, 
Bureau of the Census. 
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TABLE 4.—U.8. exports of sodium carbonate and sodium sulfate 
(Thousand short tons and thousand dollars) 


Sodium carbonate Sodium sulfate 
Year . MERO S MP 
Quantity Value Quantity Value 
1952-56 (average: 166 $5, 706 27 $563 
EE ho LC ale cA 174 6, 282 24 859 
p Ke Ees o PR A EH 104 4, 279 786 
J! A E AR A A ÓN 153 5, 644 22 805 
JJ)!!! EC 155 5, 143 $1 040 
KEE 132 4, 045 32 962 
Source: Bureau of the Census. 


Continued industrial growth throughout the world was reflected in 
the number of new plants opened in 1961 for producing basic sodium 
compounds. Sodium carbonate, sodium sulfate, and caustic soda 
and chlorine were produced in several countries that had previously 
depended entirely on imports for such basic chemicals. In other 
Ee existing plants were expanded or additional plants were 

uilt. 

Because of demand for chlorine for plastics, bleaches, insecticides 
bactericides, and many other uses most of the new plants were of 
the chlorine-caustic soda type instead of the ammonia-soda design. 
However, several new facilities for producing sodium sulfate and soda 
ash were reported. 

A partial list of new or expanded sodium compounds plants in 
various countries is as follows: 


Country Area Plant type Firm Development 
Stage 
Brazil................ Cubatao, near Sao | Caustic-chlorine...| Diamond Alkali Under 
Paulo. International Corp,| construction. 
Canada Trail, British do .. Consolidated Do. 
Columbia. Mining & 
Smelting Corp. 
2990·· iaasa New Brunswick sl AA Canadian In- Planned. 
dustries, Ltd, 
DO: nota dina Bishopric Sodium sulfate....| Saskatchewan Rehabilitated. 
Saskatchewan. Minerals. 
Germany, West...... Uerdingen Caustic-chlorine... Ferhentabriken Expanded. 
ayer A. G. 
India................. Shahpura......... Heavy soda ash... SE 1 & Inaugurated. 
ertilizers. 
Korea, South. Caustic soda, Toyo Chemical Planned. 
soda ash. Industries. 
FFC! oc oN E ͤ˖ Caustic-chlorine...| W. R. Grace & Co..| Opened. 
Philippines Iligan City. Hydrochloric acid, | Mabuhay Rubber Under 
Mindanao. caustic soda. 11 10 construction. 
United Arab Al Maks, Caustic-chlorine...| Misr Chemical Opened. 
Republic Alexandria. Industries Co. 


Plant-scale tests on substituting platinized titanium for graphite 
anodes in the electrolysis of brine to produce caustic soda and chlo- 
rine showed significant savings in the consumption of anodes, dia- 
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phragms, and power. Increases in the quality and quantity of the 
chlorine output per cell made possible by the new anodes were even 
more important to chlorine-caustic producers. Weighed against these 
advantages were the high capital investment in the new electrodes 
and the need for completely redesigning the cells in order to take 
full advantage of the new electrodes.“ 

Chlorine-caustic electrolytic cells are used almost exclusively in elec- 
trolyzing salt brine to produce nearly 5 million tons of caustic soda 
and an equivalent tonnage of chlorine each year. The cells are of two 
types, diaphragm and mercury. Both have graphite anodes that 
erode slowly during the operation of the cell. The disintegration 
products tend to clog the cell diaphragms and contaminate the chlo- 
rine. Power requirements are increased as the graphite anodes wear 
away enlarging the space between the electrodes. 

Platinized titanium anodes function satisfactorily in both types of 
cells and, as they do not erode, the power requirements remain rela- 
tively constant. 

Titanium was used as the backup metal because it resists chlorine 
corrosion by forming a tough oxide film. To overcome the electrical 
resistance of this film a thin platinum coating (10 to 250 microinches 
thick) is applied to the surface of the titanium. Erosion of this coat- 
ing is so slight that no more than 0.5 gram is lost per ton of chlorine 
output. Platinized titanium anodes lasted 25 perent longer than 

aphite, offered less resistance to the removal of chlorine, and elim- 
inated the need for electrode gap readjustment mechanisms. 

Although producers exhibited much interest in the platinized 
titanium anodes, further tests were needed for their full evaluation.“ 

The demand for new sources of power needed for defense and 
rapidly developing space technology encouraged experimental work 
to produce a practical fuel cell. The high position of sodium on the 
electromotive series of the elements gives it an advantage over most 
other elements, including hydrogen, when used to power fuel cells. 
In small-scale tests the chemical reactivity of sodium was controlled 
by introducing the sodium into the cell as a dilute mercury amalgam. 
Open-circuit voltage of a sodium-oxygen cell was 2 volts—nearly 
twice the voltage produced by a hydrogen-oxygen cell. The weight, 
including fuel, of a sodium-oxygen fuel cell was reported to be 2 to 3 
pounds per kilowatt-hour (kwhr); current densities up to 400 am- 
peres per square foot at 1.5 volts were attained. Chief disadvantage 
of the system was the high cost of the sodium fuel. For commercial 
application the cost of power generated by the system was estimated 
at $0.20 per kwhr.!5 

Reacting sodium amalgam with chlorine or bromine as the oxidiz- 
ing agent in a fuel cell produced higher voltages than the sodium- 
oxygen cell. An experimental 1-watt cell using sodium amalgam 
and chlorine produced 3.3 volts on open circuit.!* 


13 Chemical Week. Platinum Anode Wins Chlorine Test. V. 88, No. 12, Mar. 25, 1961, 
pp. 153-154, 158, 160. 

14 Chemical Engineering. Chlorine Makers View Metal Anode With Interest But Stress 
the Need for More Evaluation. V. 69, No. 2, Jan. 22, 1962, pp. 68-69. 

18 Chemical Engineering. For Economical Fuel-Cell Power Find a Cheap Source of So- 
dium. V. 68, No. 1, Jan. 9, 1961, p. 38. 

16 Chemical Engineering. Sodium-Chlorine System Boosts Limit on Fuel Cell Voltage, 
Power Output. V. 68, No. 12. June 12, 1961, p. 104. 
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Successful operation of a sodium-graphite nuclear reactor experi- 
ment was described." Metallic sodium melts at 207.5? F and bola at 
about 1,600 F. This large temperature span, in which sodium is 
liquid, makes it a desirable fluid for removing heat at high temper- 
atures from reactor cores without the necessity of pressurizing the 
vessel. Core operation near 1,000° F was successful without pressur- 
izing in a sodium-cooled reactor. 

Graphite is the moderator in this type of reactor designated SRE. 
Intermittent operation since 1957 demonstrated that high quality 
superheated steam for power generation may be produced in a sys- 
tem powered by a sodium-cooled graphite-moderated reactor. 
Methods of core maintenance of the reactor and of handling high- 
purity sodium were developed that made possible the design of similar 
reactors which may be capable of competing successfully with conven- 
tional powerplants. 

A patent was issued for producing dense soda ash from crude 
trona by a cyclic process.** Calcining sodium sesquicarbonate crystals 
normally produces light soda ash while the more desirable dense ash 
is produced by calcining sodium carbonate monohydrate. A method 
was described by which the monohydrate may be crystallized by react- 
ing light ash, produced in one part of the process, with recirculating 
mother liquor used to dissolve crude trona. 

An improvement was patented in procesne sodium tripolyphos- 
phate from crude trona.’® Treating sodium carbonate produced from 
trona with chlorine or bromine at temperatures between 150° and 
400° C was found to increase the reflectance and foaming character- 
istics of sodium tripolyphosphate subsequently produced from the 
treated sodium carbonate. 

Alkali sulfates—particularly those of sodium and potassium—were 
found to be the cause of unsightly white efflorescent deposits, often 
found on exposed brick surfaces. Portland cement used in the mortar 
and grout between the bricks was the source of the sulfates. Con- 
trolling brick efflorescence in test walls was accomplished by introduc- 
ing a compound into the mortar or grout which precipitated or 
immobilized the sulfate ion.” 

Practical means for 5 sodium hydroxide and sulfuric 
acid from waste sodium sulfate solutions were claimed by an engineer 
at the University of Budapest. The process, an electrolytic one, was 
designed to use waste sodium sulfate solutions of viscose plants. 
stream of 40-percent sulfuric acid strong enough to be used in viscose 
preparation was produced by the process. The cell contained a mer- 
cury cathode, and the sodium-mercury amalgam produced by the 
electrolysis constantly flowed to a decomposition chamber, where the 
sodium was reacted with water producing 60-percent sodium hydrox- 
ide and hydrogen gas? Oxygen also was a byproduct of the process. 


13! Durand, R. E. Sodium Reactor Operating Experience. Chem. Eng. Prog., v. 57, No. 8, 
March 1961, pp. 54-59. 

1 Cnldwell, N. A., nnd W. C. Bauer (assigned to FMC Corp., New York, N. T.). Trona 
Process. U.S. Pat. 2,970,037, Jan. 31, 1961. 

18 Osborne, Roy T. (assigned to FMC Corp., New York, N. T.). Deactivation of Color 
Forming and Foam Stabilizing Bodies in Sodium Carbonate Produced From Trona. U.S. 
Pat. 2,989,369, June 20, 1961. 

5 1 ay Record. Solution Near on Effiorescence Research. V. 188, No. 4, 

pr » D. . 

m Chemical Engineering. Two-Stage Process Recovers Sulfuric Acid From Na,80, V. 
68, No. 11, May 29, 1961, pp. 48, 50. 
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LTHOUGH the value of new construction put-in- place in 1961 

was 3 percent greater than in 1960, production of stone decreased. 

This apparent statistical inconsistency may have been due to the 

increased use of certain prefabricated construction units and to the 

use of various stone substitutes. Output of dimension stone increased 3 

percent in volume and 2 percent in value. 

Starts for new housing increased 5 percent in value, but part of 

this rise was directly related to higher land prices. 


TABLE 1.—8alient stone statistics in the United States ! 
(Thousand short tons and thousand dollars) 


Sold or used by producers: 
Dimension stone , 4! : , 442 2.257 
/ AAA : ‘ : m. $56, 009 
Crushed stone 404, 205 30, 3, 581,721 | 2.614, 527 
ValU8: AAN ae A : „4. 824. 1 $866, 546 
Total stone 406, 602 a 92 354,16 2616, 784 
C ² AA 28, : 26, 68 011,982 12$052. 555 
Imports for consumption (value) 3 , , , 3l $11, 344 
Exports (value) $4 $7,292 | 1 $6,166 


1 Includes slate. 1952-56 includes Territories of the United States, possessions, and other areas admin- 
istered by the United States. 

3 Revised figure. 

3 Includes whiting. 


1 Commodity specialist, Division of Minerals. 
2 Supervisory statistical assistant, Division of Minerals. 
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The Calcite Quarry, Michigan Limestone Division, U.S. Steel Corp., 
at Rogers City, Mich., won top honors in the 37th National Safety 
Competition sponsored by the Federal Bureau of Mines. This 
quarry operated 922,297 man-hours without a disabling injury. 


TABLE 2.—Stone sold or used by producers in the United States, by States 


(Thousand short tons and thousand dollars) 


1960 1961 
State — AO 
Quantity Value Quantity Value 
Alabama. AA ⁰ ⁰⁰ͤ—- W.,’ xe EdEde 13, 503 $19, 970 1 13, 651 1 $19, 909 
66 „m ydd ⁊ . 852 1 (1) 

All ³ « ³ↄ y ⁵ð i 8 4, 249 §, 107 3, 582 4, 626 
%% EE EE 10, 939 13, 555 12, 029 12, 402 
Gier.. y ĩð . aa E 33, 075 49, 842 33, 850 50. 327 
%% ela 2. 442 4. 651 2, 451 5. 301 
Sone 5,057 8, 313 5, 206 8, 616 
! ²˙ↄ * ¼½3 (3 (7) 2) 
Florida- -oso ß A reae d 1 27, 629 1 37, 419 1 23, 855 1 36, 305 
E AT EEN 14, 297 37, 033 115, 854 138,077 
(GC EE 3, 535 6, 4, 429 7 
Mhh, EE EE 1,318 2, 141 1,873 3,111 
DINO ia 41, 721 55, 593 36, 361 47, 939 
i ↄ NAS: 18, 956 34, 920 18. 001 33, 062 
1ö;ĩ ] ↄ a, : 30, 321 22. 018 28, 916 
1 eee II 8 111,814 115, 031 1 12, 328 1 16, 411 
FFH... 8 115, 810 121, 493 7, 085 23, 309 
FCC -222.222.222.002 1 4, 691 1 8, 882 14,641 1 7,656 
! ⁰˙¹00ꝛ. ⁰ꝛ˙Ü˙ m ꝛ%˙lʃ]Iʃ 2 1.012 3. 851 998 4, 694 
Mrian...... d 7, 944 16, 982 10, 671 21, 203 
Massachusetts. ee en eec eee eee ene neon eee 5, 247 12, 782 5, 210 13, 399 
Michigan....... JJ ³Ü¹ ĩðͤ K 31, 256 32, 274 28. 731 30. 103 
/ «³ ¶¶ GATT (002 8 4, 234 10, 034 3, 957 9,975 
1 Ke JJ ER REIP AA RN E A 807 808 913 1,044 
Missouri..................- JJ 27, 180 37, 878 25, 631 36, 577 
Montana 3 ĩðͤ b A 1, 183 1, 576 1, 512 1, 849 
lie, EEN 3, 336 5,651 3, 622 6, 324 
AA WEEN 579 1,350 677 1, 576 
New Hampshire..................-- c ce e LL ee eee ee 104 594 117 684 
NOW Jesica 10, 202 22, 814 11,315 24, 539 
New Mexico. id 1.277 1, 692 1,853 2, 206 
New e] AAA . OA 29, 802 46, 955 26, 951 43, 734 
North Carona: ternet Gedeelt 14, 721 23, 296 15, 921 25, 262 
North Dekote . . 28 44 4 
OOO e d owes 1 35, 856 1 59, 479 33, 652 55, 701 
Oklalhomá....coonee as 114,054 1 16, 095 14, 981 16, 561 
Bn EE docs 316, 913 319,721 17,272 20, 939 
Bennie ss 42, 136 74, 168 41, 834 71, 344 
Rhode CET oa 1. 810 4.372 (?) (?) 
South Carolina ꝛꝝañd]U—UU p[ LL ccc ecc en eee 1 5,994 1 8, 178 1 5, 511 1 7, 461 
South Dako... ² 3, 149 7, 909 2, 806 6, 642 
Pine A e 20, 074 29, 942 23, 940 35, 906 
WK EE 39, 029 45, 088 38, 316 45,874 
OA ino A ee AO AE E d 1,837 3, 087 1, 808 3, 219 
Vermont EE 2,114 17, 444 2,731 18, 715 
Il! ͤ ͤͥͤͥͤͤ A trek et 8 19, 358 § 33,019 22, 934 39, 
WASTING ß A 13, 597 15, 796 11, 464 14, 758 
West Virgin 2 18,001 114,001 7,623 13, 244 
Wisconsin.. ass 16, 486 22, 302 13, 418 19, 686 
% ⁰ꝛmm:m¼ EE EEN 1. 401 2. 302 2, 504 3,315 
Under ld 3, 267 9, 522 4, 166 11,157 

Ke EE 3 616, 784 8 952, 555 615, 388 950, 560 


American Samoa 523 261 362 


1 To avoid disclosing individual company confidential data, certain State totals are incomplete, the por- 
tion not included being combined with “Undistributed.'” The class of stone omitted from such State 
totals is noted in the State tables in the Statistical Surnmary chapter of this volume. 

E: Sure Tenne to avoid disclosing individual company confidential data; included with “Undis- 
stributed.'' 

3 Revised figure. 
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TABLE 3.—Stone sold or used by producers in the United States, by kinds 


(Thousand short tons and thousand dollars) 


Limestone and 
dolomite 


Basalt and 
Granite related rocks 
(traprock) 


Quan- | Value | Quan- | Value |[Quan-| Value | Quan- | Value 
tity tity tity tity 


ames | a — | ee — — 


654 315, 008 | 300, 251 |$411, 106 
1,423 | 23,707 | 383,022 | 532. 863 


Marble 


Year 


1952-56 (average). 24, 087 57. 785 32,914 |$52, 334 
Gy ere ee ree 41,636 | 75,985 | 43,798 | 72, 869 


19838 „ 31,958 | 69,491 | 44,605 | 69,496 | 1,405 | 27,656 | 391,447 | 535,522 | 18,916 | 31,876 
1959 37,571 | 78,416 | 51,779 | 80,454 | 1,895 | 32,269 | 433,955 | 600,497 | 20,180 | 34,810 
19600 2 42,748 |? 89,654 | 57,884 | 87,699 | 1,644 | 31,060 | 451.253 | 623,437 | 18,924 | 33,706 
1 44,058 | 93,873 | 63,257 | 96,140 | 1,592 438, 253 | 608,139 | 20,973 | 33,009 


Calcareous marl} Sandstone Other stone 3 


1952-56 (average). 
777 


1 Average for 1954-56 only. Data not available, 1952-53. 
2 Revised figure. 
3 Includes mica schist, conglomerate, argillite, various light-colored volcanic rocks, serpentine not used as 
marble, soapstone sold as dimension stone, etc. 
i S eiie mar] for agricultural use not included in stone; mar] used in making cement, 1954-56, included 
th limestone. 


LEGISLATION AND GOVERNMENT PROGRAMS 


Apportionment of $3.3 billion was authorized for Federal aid to 
States for continuing the National Highway Program during fiscal 
ear 1963. 'The new appropriation included $2.4 billion for the 
nterstate System.? 

The Bureau of Public Roads reported that nearly 11,000 miles of the 
National System of Interstate and Defense Highways was completed 
and open to traffic as of June 30, 1961, and 4,849 miles was under 
construction. Engineering work and right-of-way clearance was 
underway on 10,000 miles of the System.* The remaining mileage, on 
which no work was in progress, amounted to 15,300 miles. Under the 
Federal-Aid Primary and Secondary Highway System Program, 
119,361 miles of intrastate highways was completed as of June 30, 
1961. 

The new Federal Highway Act of 1961 provided for the appropria- 
tion of $25.3 billion for interstate roads during the next 9 years.“ 


3% American Highways. Final Apportionment of Federal Aid Highway Funds Authorized for the Fiscal 
Year 1963. V. 40, No. 4, October 1961, p. 33. 

* American Highways. Nationa] System of Interstate and Defense Highways, Status of Improvement as 
of June 30, 1961. V. 40, No. 4, October 1961, p. 6. 

3 American Highways. Federal- Aid Primary and eee Systems, Active and Completed 
Projects Financed with Primary, Secondary, and Urban Funds. V. 40, No. 4, October 1961, p. 9. 

* American Road Builder. Principal Provisions of the New Highway Act. V. 38, No. 7, 7 uly 1061, p. 6. 
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DIMENSION STONE 


Production of dimension stone was 2,315,000 short tons valued at 
$88 million, an increase of 3 percent in tonnage and 2 percent in 
value as compared with 1960. Of the 597 plants operating in 44 
States, the 164 plants in Georgia, Indiana, Ohio, Pennsylvania 
and Vermont accounted for over half the tonnage and value o 
dimension stone. 

The term dimension stone identifies the various natural stones 
Sa Ha by sawing, cutting, polishing, and rubbing, in accordance 
with a particular shape or dimension, usually for a specific order. 
Although some quarries maintained small stocks of rough blocks, 
production and use were clearly coordinated. The value of dimen- 
sion stone used for memorials and buildings was directly related to 
the amount of work expended in processing it, although some stones, 
because of rarity or beauty, commanded higher prices. 
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Fiaure 1.—Sales of dimension stone, except slate, in the United States, by 
kinds, 1941-61. 


Trends in Use.—The continuing growth of memorial parks and 
other types of cemeteries that restricted memorials to flat ground- 
level stones reduced the market for monuments and mausoleums. 
Dimension stone KE also faced challenging competition from 
certain types of substitute materials, including ceramic tile, glass cur- 
tain walls, porcelain enamels, steel panels, aluminum, and precast 
concrete. 
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TABLE 4.—Dimension stone sold vi used by producers in the United States, 
y uses 


Value | Thousand 
(thou- | short tons 
sands) 


Thousand Thousand 


cubic feet 


— — — —— | — — —— — —— 


rh: 
onstruction.............| 7000 $1,853 | 197. $2, 114 
Architectural 1 353 


Monumental (rough and dressed) — 911 A63, 124| 2 ^ A5 


8 


1 Includes stone for refractory use to avoid disclosing individual company confidential data. 
3 Includes stone for precision surface De 


8 Includes a substantial quantity of blocks for other uses. 
d Includes a small quantity of slate for miscellaneous uses. 


For example, the largest and tallest office building in Indiana was 
almost entirely eriensed in glass. The 28-story building, of modular 
construction, was faced with insulating glass supported on an aluminum 
grid. Using this type of glass reduced the cost of air-conditioning 
and heating. 

Use of lightweight concrete for construction was expanding, and 
frequently the material was combined with facings of natural stone 
slabs for protection and ornamentation. 

A method for making and setting marble-faced concrete panels 
for wall facings was developed. 

The increased use of modular construction by architects and 
builders, in efforts to counteract increasing labor costs, affected 
producers of building stone. To meet this challenge of Gei 
construction patterns, many domestic producers of native building 
stone were importing different varieties of marble, granite, and other 
stones specified by architects. 


GRANITE 


Production of dimension granite increased 10 percent in volume 
and 6 percent in value compared with 1960. Substantial increases 
were reported in production of dressed construction and architectural 
granite. Georgia, Massachusetts, Texas, Vermont, and Minnesota 
were leading producers in tonnage. Vermont, with eight active 
plants, 0 the highest total value. 


Hegg, Clinton F. Glass Curtain Wall Horizons Expanding. American Glass Rev., v. 82, No. 1, July 
1961, pp. 30, 61. 
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TABLE 5.—Granite (dimension stone) sold or used by producers in the United 
States, by uses 


1960 1961 
Use 
Thousand | Thousand Value Thousand | Thousand Value 
short tons | cubic feet |(thousands)| short tons | cubic feet | (thousands) 
Building: 
Rough: 
onstruction ......... 62 4l (ee $541 
Architectural 30 1, 031 271 867 
r : 
Construction 20 1. 255 23 279 1. 952 
Architectural 33 5, 204 43 518 7,015 
Rubble................... 07 244 109 |: acne 4 
Monumental: ! 
Rough. canicas 157 7,997 164 1, 989 7,876 
Dressed... ..............- 50 8, 412 48 578 
Paving blocks 3............... 31 131 W 295 
Curbing and flagging......... 150 3, 780 142 1,714 3, 552 
Total... 600 28, 773 680 30, 572 


1 Includes stone for precision plates. 
3 Includes substantial quantity of blocks for other uses. 


TABLE 6.—Granite (dimension stone) sold or used by producers in the United 
States in 1961, by States 


California 8 24, 145 $896, 692 || Pennsylvania 4 11, 948 $48, 202 
Colorado.......... 3 1, 078 109, 465 || South Dakota....... 8 17, 908 2, 808, 089 
Connecticut....... 5 5, 991 196, 637 EE 5 82, 667 1, 807, 317 

eorgia...........-. 29 | 169,387 | 4,292,474 || Vermont 8 78, 455 5, 119, 551 
Maine............. 7 : 2,775,459 || Washington......... 4 1, 486 10, 953 
Massachusetts.... 10 | 110,932 | 3,953,208 || Wisconsin. ........- 8 8, 095 1, 524, 639 
Minnesota 2 . 3, 090, 098 || Other States 1....... 17 58, 818 2, 703, 182 

jig SEES 1 2, 624 291, 234 — — 

New Tork 3 17, 395 285, 505 Total 150 | 662,328 | 30, 572, 305 
Oklahoma......... 6 339 661,620 || Puerto Rico.........|.......- 378 24, 740 


1 Includes New Hampshire, 2 plants; North Carolina, 10; Rhode Island, 1; and South Carolina, 4. 
BASALT AND RELATED ROCKS (TRAPROCK) 


Total output of basalt decreased slightly from the 14,000 tons 
reported for 1960, but value increased 27 percent to $462,000. The 
increase in value was due to greater production of dressed architectural 
stone, which almost doubled. Production of dressed building and 
monumental stone and precision plates (1,655 short tons valued at 
$383,680) increased 32 percent in tonnage and 35 percent in value over 
1960. Rough-construction stone and rubble was almost 11,500 tons, 
valued at $78,000. 

MARBLE 


Production of dimension marble increased 22 percent in quantity 
and 5 percent in value compared with 1960. Average value of cut and 
dressed building marble was $18.81 per cubic foot, a decrease of $2.34 
per cubic foot from 1960; the value of rough architectural building 
marble decreased $1.34 pa cubic foot. 

By mineralogical definition marbles are highly crystalline rocks 
developed from sedimentary limestones or dolomites by heat and 
pressure. Commercially the term was used to include a wide variety 
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of stones—onyx, travertine, and serpentine—which can be highly 
polished and which present an attractive appearance. 

Colorado Yule marble and Carthage marble were used for interior 
walls of the new extension of the U.S. Capitol. 

The original badly weathered statues of the “God of War” and 
Goddess of Peace" which dominated the main entrance of the Capitol 
in Washington, D.C., since 1835, were replaced by exact duplicates 
carved from Vermont Imperial Danby marble. 

Marble was used in every important commercial building con- 
structed in New York City during the past 5 years according to a 
survey by the Marble Industry Board.® 


TABLE 7.—Marble (dimension stone) sold or used by producers in the United 
States, ! by uses 


1960 1961 


Value Thousand | Thousand Value 
(thousands)| short tons | cubic feet |(thousands) 


Thousand | Thousand 
short tons | cubic feet 


20 433 $1, 168 
ERR Peron RUNS 631 3, 123 
Fro 614 11, 547 
Monumental (rough and 
n is hed) 169 


— — —Iüỹwẽ— | ————— E ELE 


A ~~ =### £497 fleeeeererveececewn| 3399,77 | | | SVE TIeeeeeeegegeeee 


Produced by the following States in 1961 in order of value and with number of pans Vermont, 7; 


Georgia, 1; Tennessee, 12; Missouri, 4; Alabama, 2; Arkansas, 1; North Carolina, 1; California, 2; Wash- 
ington, 2; Colorado, 2; Maryland, 1; and New Mexico, 2. 

2 Includes: 1960—748,000 cu. ft., $7,212 000, for exterior use, and 612,000 cu. ft., $7,810,000, for interior use; 
1961—1, 190, 000 cu. ft., $8,034,000 for exterior use, and 488,000 cu. ft., $6,904,000, for interior use, 


LIMESTONE 


Both hand-eut &nd machine-shaped limestones were used for 
building construction. Production decreased slightly in both tonnage 
and value during 1961. Average value was $19.57 per ton compared 
with $19.93 per ton in 1960. Seven fewer plants operated than in 


TABLE 8.—Limestone (dimension stone) sold or used by producers in the United 
States, by uses 


1960 


Use 
Thousand | Thousand Value Thousand Value 
short tons | cubic feet |(thousands)| short tons | cubic feet |(thousands) 
Building: 
EE 
onstruction......... OA M EG SIS | $11: 
Architectural 235 3, 238 3, 378 3, 455 


- e e e e ee e op eo ee — ep gp e e e op e o e ep em -———— —— 


em | cee | ame | ES —— —— 


* Stone Magazine. Apprenticeship Program Produces Skilled Marble Craftsmen. V. 81, No. 12, 
December 1961, p. 14. 
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1960. The Bedford-Bloomington, Ind., oolitic limestone district 
roduced 78 percent of the rough-block and dressed limestone in the 
nited States at an average value of $25.16 per ton. 


TABLE 9.—Limestone (dimension stone) sold or used by producers in the United 
States in 1961, by States 


State Active | Short Value State Active | Short Value 

plants tons plants tons 
California 7 12, 447 $34, 505 || Oklahoma 3 2, 716 $23, 946 
Illinois 7 2, 624 232, 529 nnessee.......-.-. 1 108 6, 276 
Indiana........... 19 | 535,898 | 10,971, 730 || Texas 6 22, 624 807, 850 
Iowa 3 9, 901 150, 850 || Utah 1 40 1, 400 
Kansas 5 11, 269 140, 966 || Wisconsin........... 27 82, 961 1, 464, 664 
Michigan 5 27, 516 119,950 || Other States 1. 4 57, 855 923, 889 
Minnesota 8 34,294 | 1,740, 928 — — 
Missouri. 7 2, 305 86, 587 Total 108 855, 215 16, 738, 361 
New York 1 277 3,333 || Puerto Rico......... E 61, 403 136, 241 
Ohio eene 6 11, 380 28, 958 


Includes Alabama, 1 plant; Florida, 1; Pennsylvania, 1; and Rhode Island, 1. 


TABLE 10.—Limestone sold by producers in the Indiana oolitic limestone district, 


by classes 
Construction 
Year Rough blocks Sawed and semifinished Cut 

Thousand Value Thousand Value Thousand Value 

cubic feet (thousands) | cubic feet | (thousands) | cubic feet | (thousands) 
1952-56 (average). 2, 620 $3, 039 3, 443 $5, 784 $4, 827 
Nees 2, 937 2, 928 3, 289 6, 044 1, 007 6,1 
AA 2, 041 2, 067 3, 007 5, 104 4, 273 
1959... ilooeconcceé 2, 719 2, 731 3, 380 6,037 951 b, 443 
1900......-......- 2,817 de 2, 846 5, 340 528 8, 005 
Ill c roce 2, 8, 159 2, 408 4, 675 497 2, 784 

Construction - Continued 
Other uses Total 


Total 


Thousand Thousand Value Thousand Value Thousand Value 
cubic feet | short tons (thousands) short tons (thousands) short tons (thousands) 


oe: | eee o [ eS PP | o | TLD 


1952-56 (average). 6, 921 502 13, 166 $409 668 $14, 059 

33 7, 233 524 15, 078 161 388 685 l 

1958__...--------- 6, 673 484 168 449 652 12, 793 

1059 7.050 511 14, 211 155 432 666 14, 643 

1 6, 191 449 11,279 139 413 888 11.692 

1901: ess 5, 815 422 10, 618 161 515 583 11, 133 
SANDSTONE 


The volume of dimension sandstone decreased 11 percent in 1961, 
and the price was 4 percent lower than in 1960. Increased production 
and value were reported for both curbing and rough construction 
sandstone. Active producing plants numbered 183 or 10 more than 
in 1960. Ohio continued as the leading producing State, followed in 
order of value of output by New York, Tennessee, and Pennsylvania. 
Average value increased from $26.29 in 1960 to $28.50 per ton in 1961. 
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TABLE 11.—Sandstone (dimension stone) sold or used by producers in the 
United States, by uses 


1960 1961 
Use 
Thousand | Thousand Value Thousand | Thousand Value 
short tons | cubic feet |(thousands)| short tons | cubic feet |(thousands) 
Building: 
Rou 
onstruction.......... „ S EEN $1,173 
Architectural 1 93 1, 186 1,778 70 931 1, 232 
Dressed 
Sawed 1.............. 125 1, 659 4, 219 106 1,417 4, 226 
CU 613 2,826 A 431 2, 597 
Rubble................... 488 309 A aa 368 
CUrDING gs 2 21 67 7 93 310 
Flagging...................... 52 638 1,382 50 607 1, 228 
Dots!!! S EEN 11, 541 3911 ö 11, 134 


t Includes stone for refractory use to avoid disclosing individual company confidential data. 


TABLE 12.—Sandstone (dimension stone) sold or used by producers in the 
United States in 1961, by States 


State State Active Value 
plants 
Alabama.......... 1 600 $1, 341 
Arizona.. 13 0, 204 1, 351, 679 
Arkansas 7 6, 106 5,711, 244 
California. 9 2, 863 734, 242 
Colorado 7 12. 865 1, 104. 551 
Georgia 1 2 2,165 151, 202 
Kansas 1 425 gin 3, 475 
Kentucky......... 3 1,720 West Virginia. .... i 64, 134 
Massachusetts 1 1, 703 Wisconsin 50,178 
Michigan 6 7, 045 1, 103, 652 
Missourl........... 8 2, 948 ——— 
Nevada............ 4 2, 634 11, 134, 163 


1 Includes Indiana, 6 plants; Maryland, 1; Mississippi, 1; Oklahoma, 1; Texas, 1; Washington, 4; and 
Wyoming, 3. 
SLATE 


Production of dimension slate increased 4 percent in tonnage and 7 
percent in value. Pennsylvania, Vermont, Virginia, and New York 
continued to be the leading producers. The average price of roofing 
slate declined from $24.41 per thousand squares in 1960 to $22.17; 
the average price for all types of dimension slate was $54.43 per ton 
compared with $53.10 per ton infthe previous year. 

Very little change was noted in the production of slate for most uses 
8 „ but there was increased demand for slabs for billiard and pool 
tables. 

Black Virginia slate was used in the First Congregational Church 
o Washington, D.C., for flooring, pew ends, sanctuary, and altar 

oor. 


The Virginia Polytechnic Institute published an article on the 
slate industry in that State.“ 


mane Magazine. Pew Ends of Natural Cleft Slate Designed by Architect. V. 81, No. 7, July 1961, 


p. 31. 
10 Redden, J. A. Slate in Virginia. Mineral Industries J., Virginia Polytechnic Inst., v. 8, No. 3, Sep- 
tember 1961, pp. 1-5. 
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TABLE 13.—Slate (dimension stone) sold or used by producers in the United 
States, ! by uses 


stock: 

Electrical, structural, and sanitary slate....... 
Blackboards and bulletin boards 2. 
Billiard tabletopsss 


Flagstones U 


1 Produced by the follo States in 1961 in order of value of output and with number of plants: 
Pennsylvania, 10; Vermont, 14; Virginia, 2; New York, 12; Maine, 1; North Carolina, 2; and California, 2. 

3 Includes small quantity of school slates. 

Less than 500 tons. 

Includes slate used for walkways and stepping stones. 

ë Includes slate for aquarium bottoms, b gs, fireplaces, flooring, headstones, shims, and unspecified 
uses. 


MISCELLANEOUS STONE 


In a few localities small tonnages of various types of stone were 
used, mostly for rough construction. This category includes volcanic 
tuffs, rhyolites, obsidian, coral, coquina, mica schists, soapstone, and 
greenstone; some types were sawed or cut for building and other uses 
and had a very high unit value. 


TABLE 14.—Miscellaneous varieties of dimension stone sold or used by producers 
in the United States, ! by uses 


Use 


Thousand | Thousand Thousand 
short tons | cubic feet (thousands) short tons | cubic feet (thousands) 


— —— ——— | oe eee | ES — ———— 


— — — — ee eer ap ge 
—— 2 — —— — ee e e eege — ee ee e we eege ee — 


1 Produced by the following States in 1961 in order of value of output and with number of plants: 
2; California, 43; Maryland, 2; Pennsylvania, 4; Connecticut, 1; New Jersey, 1; Colorado; 1; Washington, 2; 
Oregon, 5; IIawall, 2; Nevada, 1, and New Mexico, I. 
" dee rough and eut stone and stone for refractory use to avoid disclosing individual company con- 
t ata. 
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FOREIGN TRADE ?* 


Most of the imported marble block, slabs, and monuments came 
from Italy; smaller quantities were imported from Portugal, Belgium, 
and other countries. 

Unmanufactured granite was imported from Canada, Norway, 
Brazil, Sweden, Finland, and Italy, in decreasing order of volume 
of imports. Dressed and polished granite was imported from West 
Germany, Finland, Italy, and 13 other countries. U.S. imports of 
dressed granite decreased in both volume and value, 

Figures on imports and exports of the various types of stone are 
given under Foreign Trade in the Crushed Stone section of this 


chapter. 
WORLD REVIEW 


Canada.—Production of all types of building and ornamental stone 
was estimated at 200,000 short tons valued at Can$5.7 million in 
1960, an increase in quantity of 17 percent over that of 1959. Ontario 
was the largest Ze of all types of stone, with almost 120,000 
short tons. Quebec, the second-ranking producer, shipped 59,000 
short tons. Ontario was the chief producer of limestone and sand- 
stone; Quebec was the chief producer of granite.!? 

Greece.—Greek Marble-Industrial and Trading Corporation was 
established to develop Greek marble deposits. The Ministry of 
Industry considered classifying marble as an ore to make it eligible 
for the special treatment accorded to ore mining enterprises.'* 

Jordan.—Production of marble in 1961 was 17,000 square yards 
valued at US$150.000 as compared with 13,300 square yards in 
1960. 

Peru.—A preliminary estimate for production of limestone in 1961 
was 1,081,000 short tons, a slight decrease from 1960. Exports of 
onyx to the United States amounted to 61,569 tons valued at 
US$1,984,880." 

United Kingdom.—The British Ministry of Labor reported that 
there were insufficient skilled granite trade workers, and that about 
75 percent of the yards were producing thin-slab facing material for 
exteriors of multi-story buildings. The shortage of skilled masons 
induced many plants to install new high-speed wire saws and faster 
polishing equipment and to streamline production methods to reduce 
costs.! 


TECHNOLOGY 


A new type of wire saw was introduced in the granite dimension 
stone industry. The wire used was only 50 feet long compared with 
the normal length of 500 to 700 feet. Less wire weight, shorter time 
required for replacement, and lower initial investment were claimed.” 


11 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.S. Department of Commerce, Bureau of the Census. 

12 Hanes, F. E. Stone, Building and Ornamental. Canadian Mineral Industry—1960 (Preliminary) 
Review 53, November 1961, 10 pp. 

13 U.S. Embassy, Athens, Greece. State Department Dispatch 317. Nov. 20, 1961, p. 6. 

14 U.S. Embassy, Amman, Jordan, State Department Dispatch 307. Apr. 2, 1962, p. 1. 

15 U.S. Embassy, Lima, Peru. State Department Dispatch 627. Apr. 15, 1962, pp. 12, 15. 

16 Quarry Managers' Journal (London). Notebook. V. 45, No. 9, September 1961, p. 342. 

1? Quarry Managers” Journal (London). A New Wire Saw for the Working Granite. V. 45, No. 11, 
November 1961, p. 438. 
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B) Jet-piercing techniques were employed in drilling, cutting, shaping, 
and surface finishing of dimension stone. The flame finish was stated 
to develop a texture on finished stone not obtainable by mechanical 
finishing methods. 

According to tests made by the Diamond Research Laboratory of 
Johannesburg, Union of South Africa, adding one-half ounce of soft 
soap per gallon of cooling water increased the cutting speed of dia- 
mond saws and drills 20 percent.!? 


CRUSHED AND BROKEN STONE 


The 1961 production of 613 million short tons of crushed and broken 
stone valued at $862 million represented a slight decrease in both 
tonnage and value from the 1960 figures. The average value re- 
mained the same, $1.41 per ton. Concrete and roadstone increased 
1 percent in both tonnage and value, with no change reported in the 
average price of $1.35 per ton. 

The total value of construction put-in-place was $57.4 billion, an 
increase of 3 percent over the value in 1960 and $1 billion more than 
the record value of 1959. Outlays for public construction were up 7 
percent to a record high of $17 billion. Highway construction ex- 
cou advanced 6 percent to $5.8 billion, which was also a new 
record. 


TABLE 15.—Crushed and broken stone sold or used by producers in the United 
States, by uses 


(Thousand short tens and thousand dollars) 


Use 
Aenne EE 22, 804 $39, 260 $38, 992 
un EE EE 85, 651 91, 064 91, 942 
Concrete and roadstone. ..........- e e eee eee eere 1 387, 084 520, 669 526, 597 
1 ³ÜW¹w i ĩ ⁰⁰yt O IÓ 7, 782 6, 297 4, 263 
(RI a EE EE 213 472 362 
(EEN 3 31,878 1 46, 312 41, 220 
OS da ensue 1, 504 4, 565 5, 007 
Lime and dead-burned dolomi te 19, 724 30, 850 30, 065 
Mer... 571 2, 991 8, 737 
Poultry el A ĩðVWw ³ĩ⅛ K 8 1, 047 8, 628 7, 458 
Railroad ballast ee eme ene c eee e eene 11, 158 12, 780 10, 155 
FH ² ²˙“1. K 749 6, 082 6. 156 
Ill! ⁵˙² std ⅛ »ͤʃ . LU ca ee LOT 13, 863 132, 468 33, 695 
Roofing granules, aggregates, and chips. 1, 958 8, 962 9, 585 
Btone SANG ³ↄðVlU yd yy y 4. 289 4. 130 
Reef A A 434 5, 140 4, 667 
Other uses ? and unspecifled 1 15, 007 144,817 44, 436 
M/ ³o·¹ AAA 1 614, 527 ! 866, 546 862, 467 


1 Revised figure 


? Includes some uses listed separately in tbe Limestone and Bandstone sections. 


18 SUAE Managers’ Journal (London). The Jet-Flame Method of Cutting, Shaping, and Texturing 
Granite. V. 45, No. 12, December 1961, PP. 509-510. 

1* Stone Magazine. Diamond Sawing, Drilling Improved by Addition of Soap to Cooling Water. V. 
81, No. 11, November 1961, p. 35. 

„Construction Review. Construction in 1961. V. 8, No. 3, March 1962, p. 5. 
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TABLE 16.—Crushed stone sold or used by Government-and-contractor producers 
in the United States, by uses ! 


(Thousand short tons and thousand dollars) 


1960 1961 
Use 
Quantity Value Quantity Value 
Concrete and roadstone e eee lll. 52, 427 $54, 058 45, 832 $52, 465 
EE 11, 159 12, 940 13, 092 15, 275 
Agricultural (limestone)......................-....-.... 357 522 227 317 
Kür. A A 6, 185 5,772 4.979 5,007 
Total c s s ao ⁵⁵ði y ĩͤ.. d cid 70, 128 74, 192 64, 130 73, 064 


1 Figures represent tonnages reported by States, counties, municipalities, and other Government agencies. 
produced either by themselves or by contractors expressly for their consumption, often with publicly owned 
equipment; they do not include purchases from commercial producers. 


Trends in Use.—Sixty-four percent of the crushed and broken 
stone produced in 1961 was utilized for concrete and roadstone; 14 
percent in the manufacture of cement; and 16 percent as fluxstone and 
riprap, in agricultural applications, and in the manufacture of lime 
and dead-burned dolomite. Many small but important uses con- 
sumed the remaining 6 percent. The percentages varied slightly 
from the 1960 figures, when concrete and roadstone accounted for 63 
percent of the total production and minor uses consumed 7 percent. 

Crushed stone produced by various governmental agencies or by 
their contractors declined 9 percent in volume and 2 percent in value. 

Prices.—The unit value of crushed stone ranged from $0.99 per 
ton for unprocessed fill material to $11.47 for graded material used in 
terrazzo flooring. Competition and improvements in production 
methods tended to keep the average unit values from rising in spite 
of higher labor costs. Blast-furnace slag and crushed gravel com- 
peted with crushed stone for the construction market. 

Size of Plants.—A total of 2,885 commercial crushed-stone plants 
operated in 1961. The number of plants producing over 500,000 tons 
annually decreased by 15. Plants producing over 900,000 tons per 
year constituted only 3 percent of the total number but accounted 
for 26 percent of production. Plants producing between 100,000 and 
500,000 tons supplied 44 percent of the total crushed stone. 

Portable crushing and processing plants increased in number, capac- 
ity, and versatility. Some plants, although not portable, were designed 
so that they could be easily disassembled and set up rapidly at a 
new location. 

Transportation.—The use of trucks to transport crushed stone to 
Jobsites increased 1 percent. Transportation by barge on the Great 

akes, inland rivers, and on coastal waterways was of considerable 
local importance although the tonnage moved by this means was 
relatively small. Tonnage moved by rail was slightly less than in 1960. 
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TABLE 17.—Crushed stone for concrete and roadstone sold or used by producers 
in the United States, by States 
(Thousand short tons and thousand dollars) 


State 
WI, TEE 7, 208 $8, 859 
III! E E E eg (2) (3) 
. ͤ yy A See 1.422 1, 447 
Arkänsas EE ͥ ͥ ͥ d able oe 5. 997 5. 839 
e ß . e 11, 483 14, 442 
Sole dg eso EE 273 571 
Connecticut cocacola ee 4,830 7,153 
A A A (3) (1) 
ei ße A A 24,912 30, 804 
E al EE EE ee ae eet 1 10, 897 1 15, 931 
AAA A A A occ. 3, 995 7,029 
A AA O A A E E 1, 503 2, 058 
IHC ²⁰˙ VVV 8 27, 237 36. 160 
ie... ³ ⁵³ð 8 12. 746 16. 040 
1§ö§Ü;;ö;0 ²] m˙mm—— 6mm. eee ek 16, 996 22, 215 
..... K 8 8. 626 11.818 
p Opis ““““0h000ſ09.000aiuiiii beGe ee oo E 13, 579 18, 678 
DOWSIGDR EE 13,358 1 6, 034 
I ͥ ͥ ⁰ ⁰⁰ ⁵³ 8 304 669 
Mars ad PA A ee 8 8, 292 13, 366 
Mash 3, 859 6, 144 
lll EE 4, 675 5, 365 
Minnesota EE 3, 168 3,861 
Mi appi O A A E EE (3 (3) 
Missouri ENEE 1 14, 217 1 19, 653 
/// EE 602 7 
depo i Pr" 1,575 2, 882 
En EE EE 19 
Now Hampshire: cuco aaa (3) (2) 
N AA A A 8, 931 18, 582 
U ꝙ¾⁰ — i rr ̃ ͤ⁊ͤK 1, 266 1, 
/ ³· oles te ee 18, 780 30, 392 
North Ceroil iss. E tee 15,515 22, 542 
North AA ³o·w . / 5 A 88 40 40 
6⁰˖77/ Tn.. Ad ĩͤ d 116, 701 121. 681 
Hie ⁰ 11. 055 11. 828 
GG ⁰ð.² ³˙¹¹ ⁰·ꝛme:T ͥwmd. mm A 11, 000 13. 970 
ns... 8 21, 343 31, 563 
Rhode ang. ades (2) (2) 
South: Carol... ⁵ ꝛ 4,768 6, 896 
Sühne EE 1 1,674 1 2, 306 
enn ß 3 19, 125 23, 891 
•Iv AA ñð A NOE 25, 224 27,516 
1 ls elt steal ud duse a 31 17 
EE eege 2, 249 3,12 
te Ale A A ec oe 15, 894 33. 
Washington... eerste euer A 743 7,417 
West iini. 3, 918 0. 359 
JJC EE 10, 019 10, 097 
Wyoming tee : 1,761 1, 
Unable... rat 8, 623 311, 207 2, 585 4, 166 
Total. A ere 3 387, 084 3 520, 669 390, 398 526, 597 


t To avold disclosing individual company confidential data, total is somewhat incomplete, the portion 
not included being combined as **Undistributed.”” 

3 Included with Undistributed.“ 

3 Revised figure. 


GRANITE 


Crushed granite production was 43 million tons valued at $63 
million, an increase of 3 percent in volume and 4 percent in value 
over 1960. Average price was $1.46 perton. Five States—California 
Georgia, North Carolina, South Carolina, and Virginia— produced 
89 percent of the total. An increase of 1.6 million tons over the 
1960 figure was reported for concrete and roadstone. Stone sand 
output was 27 percent greater and sold for 11 percent more. Of 
all crushed stone reported as used for concrete and roadstone, granite 
made up 9 percent. 
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TABLE 18.—Number and production of commercial crushed-stone plants in the 
United States, by size of operation 


1960 1961 
Annual production Production Cumula- Production Cumula- 
(short tons) tive total, | Number|_______________ú|¡ tive total 
thousand | of plants thousan 
Thousand | Percent | short tons Thousand | Percent | short tons 
short tons | of total short tons | of total 
Less than 25,000..... 6, 626 1.2 6, 626 811 6, 641 1.2 6, 641 
25,000 to 50,000....... 1 12, 520 2.3 19, 146 323 11, 586 2.1 18, 227 
50,000 to 75,000....... 13, 830 2.5 32, 976 270 16, 536 3.0 34, 763 
75,000 to 100, 000 18, 226 3.4 51, 202 186 15, 922 2.9 50, 685 
100,000 to 200, 000 167, 205 12. 4 118, 497 495 69, 934 12. 7 120, 619 
200,000 to 300, 000 63, 933 11.7 182, 430 248 60, 715 11.1 181, 334 
300,000 to 400, 000 57, 407 10. 5 239, 837 172 59, 452 10.8 240, 786 
400,000 to 500, 000 48, 312 8.9 288, 149 113 50, 604 9.2 291, 390 
500,000 to 600,000 40, 488 8.5 334, 637 81 43, 944 8.0 335, 334 
000,000 to 700, 000 31, 099 §.7 365, 736 46 29, 909 5.5 365, 243 
700,000 to 800, 000 25, 958 4.8 391, 694 33 24, 622 4.5 389, 865 
800,000 to 900,000..... 19, 347 3.6 411, 041 20 17, 009 3.1 406, 874 
900,000 tons and over. 133, 358 2.5 544, 399 87 142, 069 25.9 548, 943 
Total 1 544, 399 100.0 544, 399 2, 885 548, 943 100.0 548, 943 
! Revised figure. 
TABLE 19.—Crushed stone sold or used in the United States, by methods of 
transportation 
1960 1961 
Method of transportation 
Thousand | Percent | Thousand | Percent 
short tons of total short tons of total 

Commercial 
ef ²³ÜA—ͤ—ꝛꝛ KA A 1 347, 578 87 359, 247 59 
H ER 81, 572 13 78, 674 13 
Mater WI EE 54, 687 9 50, 805 8 
l'or eine rre 00, 562 10 60, 217 10 
Total eommercial l.l L Ll. 1 544, 399 89 548, 943 90 
Government-and-contractor: Truck 2. 70, 128 11 64, 130 10 
Grand total ic coe eee deseas bas 1 614, 527 100 613, 073 100 

1 Revised figure 


3 Entire output of Government-and-contractor operations assumed to be moved by truck. 


TABLE 20.—Granite (crushed and broken stone) sold or used by producers in 
the United States, by uses 


(Thousand short tons and thousand dollars) 


1 Revised figure. 
3 Includes stone used for agriculture, filtration, roofing granules, and unspecified uses. 
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TABLE 21.—Granite (crushed and broken stone) sold or used by producers in 
the United States in 1961, by States 


State Short tons 


Minnesota. 15, Wushington 
Missouri WwW isconsin 


New Jersey 
North Carolina 7 , 396, 
Oklahoma 16, 365 19, 316 107, 547 


1 Includes Alaska, Arkansas, Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hamp- 
shire, New York, Pennsylvania, Rhode Island, Texas, and Vermont. 


BASALT AND RELATED ROCKS (TRAPROCK) 


This group of rocks, primarily of igneous origin, hard, tough, and 
available in limited areas, was used mainly for concrete and roadstone. 
The average value was $1.51 per ton, unchanged from 1960. Produc- 
tion increased in quantity and value. Use for riprap increased 108 

ercent in volume. Dominant States in production were Oregon 
ew Jersey, Washington, and Connecticut; together they accounted 
for 62 percent of the total tonnage. 


MARBLE 


Crushed and graded marble was produced at a number of plante 
for terrazzo, whiting, and roofing granules. Some of this material 
was produced as a byproduct of dimension stone quarrying, and some 
came from imported marble; some of the material was artificially 


TABLE 22.—Basalt and related rocks (traprock) (crushed and broken stone) sold 
or used by producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


1960 1961 
Use 
Quantity Value Quantity Value 

Concrete and roadstone..................- eee eee 46, 244 $71, 165 50, 456 $77,652 
Railroad dals. 1, 358 1, 864 1, 561 2, 14 
Ripley ee ⁰ͥ⁰Zdd ⁰ʒ case O seuss 4, 294 7,019 8, 935 10, 61 
Ill; ⁰⁰ cum 5, 304 4, 620 1,719 2, 144 
Btoóné sand. EE 82 135 65 195 

Abr ⁵⅛ðVñ eg 588 2, 528 508 2, 7 
lr! A E ude. 57, 870 87, 334 63, 244 05,678 


! Includes stone used for agriculture, concrete blocks, filtration, filler, roofing granules, and unspecified 
uses. 
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colored. The average price for terrazzo marble was $11.42 per ton, 
but small quantities of rare or particularly beautiful chips sold for 
$40 and $50 per ton. Less valuable products from the marble indus- 
try were burned for lime or finely ground and used for stock feed and 
agricultural soil conditioning. 


TABLE 23.—Basalt and related rocks (traprock) (crushed and broken stone) sold 
or used by producers in the United States in 1961, by States 


State Short tons Short tons Value 
Antons 285, 371 
California................- 1, 877, 186 2, 671, 270 8, 761, 389 
Connecticut.............. : 14, 511,856 | 17, 793, 702 
A 2, 759, 523 3, 250, 877 5, 678, 
TADO ana tect’ 726,013 2,777,172 4, 361, 328 
Maryland................ 3, 463, 717 9,764,871 | 11,450, 571 
Massachusetts 3, 813, 494 2, 210, 122 4, 905, 341 
Michigan 753 — — 
Minnesota 25, 602 54, 850 63, 243, 001 | 05, 678, 283 
Montana 208, 025 American Samoa 65, 709 178, 181 
Nevada 10, 000 Panama Canal Zone (2) 3 
New Jersey............... 10, 000, 556 Virgin Islands 20, 302 75, 399 


1 Includes Alaska, New York, Texas, and Wisconsin. 
* Figure withheld to avoid disclosing individual company confidential data. 


TABLE 24.—Marble (crushed and broken stone) sold or used by producers in 
the United States,’ by uses 


(Thousand short tons and thousand dollars) 


Value 


$4, 937 
8, 380 


— 13, 317 


1 Produced by the following States in 1961, in order of tonnage: Georgia, Alabama, Missouri, Texas, 


California, New York, Virginia, Tennessee, Maryland, Vermont, Washington, Colorado, New Jersey, 
Arizona, Arkansas, North Carolina, Wisconsin, Utah, and Nevada. 

2 Includes stone used for agriculture, asphalt filler, flux, poultry grit, roofing, stone sand, stucco, whiting 
(excluding marble whiting made by companies that purchase marble), and unspecified uses. 


LIMESTONE 


Production of crushed and broken limestone and dolomite de- 
creased 3 percent in volume and 2 percent in value. Declines were 
reported for nearly all use categories except riprap and those re- 
quiring finely ground material. 

Output for concrete and roadstone dropped 8.7 million tons and 
for flux 4.2 million tons. Limestone quarries provided 71 percent 
of all stone crushed and 66 percent of all stone used for concrete and 
roadstone. Illinois again led in production of crushed limestone 
although its tonnage for concrete and roadstone dropped over 5 million 
tons. 
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TABLE 25.—Limestone and dolomite (crushed and broken stone) sold or used by 
producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


JJ y $347, 428 
Il E ee A A O 1 45, 082 725 
, e ß 38, 863 613 
Railroad ballasg ggg 2 6, 884 376 
FRID PAD EE 110, 228 440 
Alkali manufacture. ue 2, 961 878 
Calcium carbide manufacturo : 1, 092 785 
Cement-portland and natural........................-. 85, 652 883 
Coal-mine dusting. e 1, 668 527 
Fill material... Se Ee 366 277 
Filler (not whiting substitute): 
rr cl a 5, 604 5, 408 
ir ³ð L ĩͤ - 1. 036 1, 080 
OE A A MEE ES 805 219 873 
Filtration... cocos rs is 269 148 221 
Glass manufacturꝶ 2 eee eee 3, 720 1, 211 3, 736 
Lime and dead-burned doloniite....................... 29, 019 18, 124 28, 283 
Limestone sand 3, 004 1, 693 2, 596 
Limestone whiting 22 7, 101 802 9, 242 
MA.; 2. 972 695 3, 723 
Paper manufacture g — nꝑ lll. 2. 052 400 1. 129 
FSH ³ mac ĩ A ĩ 8 1, 106 153 1, 185 
Refactory (dolomite) ũwd nh 244 235 465 
Sugar nin 8 2. 268 828 2, 080 
CHOP USCS AA 5, 312 2, 838 4,603 
Use unspeciſlIlIicCc cc 1. 561 1. 900 2, 475 
Total AAA ³ A A te ce 606, 297 437, 398 591, 401 


1 Revised figure. 

? Includes stone for filler for abrasives, calcimine, calking compounds, ceramics, chewing gum, fabrics, 
floor coverings, insecticides, leather goods, paint, paper, phonograph records, plastics, pottery, putty, 
roofing, rubber, soap, wire coating, and unspecified uses. Excludes limestone whiting made by companies 
from purchased stone. 

3 Includes stone for acid neutralization, cast stone, chemicals (unspecified), concrete products, disinfectant 
and animal sanitation, electrical products, magnesite, magnesium, mineral wool, oil-well drilling, patching 
plaster, rice milling, road base, roofing granules, stucco, terrazzo, and water treatment. 
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TABLE 26.—Limestone and dolomite (crushed and broken stone) sold or used by 
producers in the United States in 1961, by States and uses 


Riprap 
State 
Alabama 
Al 
Arkansas 
California 
Colorado 
Connecticut. .... A E 
ak de EE EE A 8 
Georgia................... 
BEE x SA 
h A 
JJ ee 890, 341 909, 401 
Indiana................... 43, 941 48, 947 
A 300, 429 405, 458 
EE 608, 903 769, 704 
Kentucky................ ( , 
ee ( 1 
Maryland................ (1 (! 
Massachusetts .... 
Michigan................. (!) (1) 
Minnesota 28, 894 27, 103 
dee Gi ee 4, 972 4, 972 
issouri.................- 1, 876,340 | 2,024, 905 
Montana (1) () 
Nebraska 849,001 | 1,131, 992 
Nins ⁵ ]ð d GE 
New Jersey ...............|--....-.....|--...--....- 
New Mexico 786 998 
New York...............- 84, 685 132, 599 
North Carolina 
¿0 AN ÓN 121, 101 168, 841 
Oklahoma 887, 229 948, 121 
AA O AS 
Penn yslvanla . (!) (5) 
Rhode ee, ⅛ð Z eee odo 
South Carolina 
South Dakota d T 
Tennessee.......--------- 1 1) 
Texas 852, 420 900, 573 
Ebert eege 38, 194 187, 900 
Vermont (?) () 
Vienna 5, 976 7, 700 
Washington. sss A 
West Virginia (1) 1) 
Wisconsin 143, 238 117, 902 
Wyoming 1) 1) 
Undistributed 942,228 | 1,198, 239 
isl. 9, 138, 374 | 10, 440, 206 
American Samoa — |... ...- 
E n cares , se ei ee 
Johnston Island...........|............]---.-....... 
Midway Island UU 
Puerto: Ries 8 
Wake flang dd ; adi eege 


1 Figures withheld to avoid disclosing individual company confidential data; 


*‘Undistributed. 


Fluxing stone Concrete and roadstone 
Short tons Value Short tons Value 
1, 269, 291 | $2,047, 720 6, 495, 775 $8, 324, 452 
180, 478 282, 244, 569 261, 
(1) 1, 356, 672 1, 593, 047 
(1) 1) 1, 386, 415 1, 486, 514 
Kn 868 | 1, dos 089 (1) (0) 
NO TE A 21, 764, 593 27, 546, 130 
CCC 971, 842 1. 518, 350 
33 8 671, 110 1, 076, 038 
737, 411 1, 268, 435 27, 237, 398 36, 160, 143 
46, 632 61, 833 12, 745, 508 16, 039, 673 
() () 16, 996, 422 22, 215, 403 
E EE 8, 240, 175 11, 414, 813 
(i) (1) 13, 579, 183 18, 677, 807 
() " 4, 316, 817 7, 312, 131 
(") (! (1) 1 
10, 565, 419 | 11,855, 938 4, 649, 369 5, 324, 073 
2, 993, 177 3, 492, 429 
A EE 3 714 
8 6 14, 216, 555 19, 653, 009 
1) A (!) OI 
A ¾ 1, 575, 038 2, 882, 499 
(1) (3 11, 12, 
(1) (! 6 6 
22, 487 21, 198 (1 1) 
63, 238 101, 919 16, 148, 359 25, 668, 675 
33; E 1, 934, 170 2, 890, 523 
4, 432, 666 6, 807, 105 16, 700, 520 21, 680, 840 
JJ 8 , 825, 904 10, 488, 018 
(1) (1) (1) 
4,924,382 | 8,953,062 16, 733, 759 2A, 355, 091 
( CGT sue 
Sr Meca TNR ONE RES: (1) 1) 
c 761, 379 1,015, 359 
(5 (1) 19, 032, 061 23, 687, 729 
537, 912 506, 578 15, 126, 940 14, 616, 651 
9, 783, 042 (1) 
JJJ;ͤĩÄ5ů Ü A et od 1, 195, 451 1, 771, 861 
Wir 454 l, "or 462 8, 013, 598 10, 934, 629 
(! FP 
1, 479, 548 2, 818, 445 2, 782, 916 4, 575, 429 
31, 691 44, 826 9, 895, 140 S 3 
1 (! 180, 966 258, 459 
911, 802 1, 381, 991 1, 212, 888 1, 894, 477 
27, 198, 147 | 39, 725, 214 258, 996, 874 338, 797, 88 
23 uud qae 1, 
%. A IA 279, 106 574, 903 
727 EE 675 1, 500 
E EE 10, 902 33, 
A EE 1, 869, 605 3, 459, 154 
EEN 23, 62, 


included with 
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TABLE 26.—Limestone and dolomite (crushed and broken stone) sold or used 
by producers in the United States in 1961, by States and uses—Continued 


Railroad ballast Agriculture Miscellaneous Total 
State 
Short | Value Short Value Short Value Short Value 
tons tons tons tons 
Alabama (1) (1) 672, 271¡$1, 085, 552] 4, 758, 936| $4, 357, 948| 13, 354, 165/$16, 000, 304 
KIT AAA PA, A (1) (i (i) (1) 2, 099, 4 2, 458, 371 
Arkansas 212, 6811 313, 953 955, 1, 233, 541] 3,054,871) 3,758, 436 
California......... (1) (1) (4) (1) 12, 870, 659| 19, 912, 397| 15, 763, 946| 23, 003, 043 
Colorado 219 1. 752| 1, 618, 486| 2, 962, 467| 2, 221. 902] 4,255, 761 
Connecticut 62, 667 d d 156, 040 607, 812 
orida (1) (1) 666, 979| 1, 950, 071 l 1 25, 675, 967| 32, 589, 084 
Georgis............ 3, 234 , 689 1) 1) 1) 1, 800, 320} 2,858, 888 
LE E ¾̃ ⁵ ᷣ ͤ K-! 88 , 219 25, 134 279, 456 401, 735 959, 785} 1, 502, 907 
Mang... O BEE (1) (1) (1) (1) 
Illinois............ 269, 200| 267, 569 3, 413, 576| 5,029, 972| 8, 789, 609] 4, 057, 044| 36, 337, 535| 47, 701, 564 
Indiana 203,411) 252, 9550 2,001, 510 2, 776, 127] 2,333,631! 2, 197, 631 17, 374, 633| 21, 377, 166 
Iowa (1) (1) 1, 101, 640} 1, 483, 310 1) (1) 22, 008, 291| 28, 765, 465 
Kansas 1 (1) 431, 718, 186 ( 1 11, 936, 474| 16, 100, 959 
tbe 5 317, 244] 335, 780 1, 535, 086| 2, Ys 297 ei 923| 1, 063, 626] 17, 082, 967| 23, 282 180 
Ii DEER 
Maryland. (1) (1) 43, 874]  128,345| 2,033,593] 5,393, 227| 6, 442. 704| 12, 915, 733 
Massachusetts 163, 703 512, 808 389, 969| 1,579, 502 579, 894| 2, 134, 567 
Michigan.......... (1) (5) 520, 680 872, 080 (1) (1) 28, 503, 600| 29, 781, 604 
Minnesota 383, 899 578, 513 45, 964 253, 084] 3, 451, 9590 4, 351, 217 
Miss Iss Ip pl.. 99, 151 89, 236 (1) (1) 
Missourl.......... (d dr 2, 613, 463| 4, 169, 255| 6,034,721) 7, 625, 568| 24, 829, 158| 33, 629, 142 
Montana 1) (1 1 1 1 1 670, 715 1,021, 325 
Nebraska SS B . (1) (1 1 1 3,620,875| 6, 322, 184 
Nevada........... (1) CO PA EE d 1 (!) (1) 
New Jersey (1) (1) 1 1 (1) (1) 
NM A MA AA (1) (1) 1, 164, 575| 1,516,250 
New Vork. 327, 392} 531,761| 425, 605 1, 240, 004| 6, 985, 633| 8, 637, 753| 24, 034, 912| 36, 312, 711 
North Carolina.... 20, 298 27, 402 7,858 AAA et ale oa 1, 962, 326| 2,933, 641 
Ohio 900, 3591, 124, 409) 1, 087, 5400 3, 478, 042] 8, 956, 2180 14, 664, 629] 33, 098, 404] 47, 923, 866 
Oklahoma Le 162, 681 183, 774] 1,652,555) 2, 067. 5710 12, 528, 369| 13, 687, 484 
Oe A (1) C) 941. 557| 1,283,552 951,698| 1,304, 848 
Pennsylvanta...... (1) (1) 1,078, 392| 2, 973, 326| 13, 196, 910| 17, 757, 875| 36, 102, 118| 54, 282, 406 
Rhode Island 4 1) (i) (o 1) " (?) 
South Carolina 1) (1) 1) 1) 1) (1) 
South Dakota..... (1) ES AAA AAA 589, 691 897, 787| 1,378,062] 1,939, 293 
ennessee......... 5,778| 409,972| 1, 390, 923| 1,949,195| 2,763,803| 4,387,867| 23, 582, 229| 30, 504, 735 
Tens 305, 388 92, 738 t 7, 462, 173| 3, 398, 677| 24, 416, 085| 24, 909, 928 
33 (1) (1) S000 " (1) 1, 621,088} 2,814, 452 
Vermont 80, 405] 414, 936 i (1) 1, 428, 590| 4,085, 607 
Virginla 260,916) 328, 758 875, 29301, 785, 132 3, 777, 122| 6, 061, 073| 13, 905, 359 20, 812, 814 
Washington. nn | 22-228 l 1 1, 116, 767| 1,835, 560| 1,169,771| 1,996, 607 
West Virginia..... 500, 970 700, 285 1 1 1, 580, 014| 2,906, 204) 6,436, 112| 11, 237, 999 
Wisconsin 1, 322, 265| 1, 836, 827 186, 700 237, 855| 11, 579, 034| 12, 197, 806 
Wyoming......... (1) A A PARO (1 (1) 817,611| 1, 454, 848 
Undistributed..... 767, 488/1, 088, 907| 888, 133 | 2, 527, 257| 30, 418, 558| 38, 274, 968| 3,296, 103| 7, 061, 636 
Total 4, 260, 1925, 375, 875/22, 250, 254 38, 612, 869/115, 553, 951/158, 449, 141/437, 397, 782 591, 400, 943 
American Samoa 294. 536 107, 104 295, 805 107, 970 
Ci et E ES DEE 13, 125 16, 400 292, 231 591, 303 
Johnston ISIAH , , PA ARS 675 1, 500 
% ͥ ß AAA -;; A 0. 902 33, 544 
Puerto Rco.......].........|-....-... 46, 548 132, 290 1, 801, 858 954, 814] 3, 718, 0110 4, 546, 258 
N w ff 23, 830 62, 338 


1 Pues withheld to avoid disclosing individual company confidential data; included with “Undistrib- 
uted.” 
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TABLE 27.—Sales of fluxing limestone, by uses 
(Thousand short tons and thousand dollars) 


Blast furnace Open-hearth | Other smelters! 
plants 


Other metal- 
lurgical ? 
Year 


Quan- | Value | Quan- | Value | Quan- | Value | Q 
tity tity tity 


1 Includes flux for copper, gold, lead, zinc, and unspecified smelters. 
2 Includes flux for foundries and for cupola and electric furnaces. 
3 Revised figure. 


Shell. Various types of fresh- and salt-water shell were used for 
concrete and roadstone, cement, lime, poultry grit, and soil beneficia- 
tion. Production was up 11 percent from 1960, but value declined 
2 percent. Average price was $1.57 per ton. 

A barge-mounted crushing and washing plant operated in conjunc- 
tion with a dredge was used by a Mobile, Ala., producer of oyster 
shell for poultry feed.“ 


TABLE 28.—Shell sold or used by producers in the United States, by uses 
(Thousand short tons and thousand dollars) 


Quantity 
Concrete and road material $20, 889 
CMON. EE 4, 881 
III! EE ͤ 1, 782 
Poultry giit ß ld a 5, 004 
Mineral ſooo c cl „„ 14 
Ghee ed 


1 Includes agriculture, asphalt filler, filtration, whiting, and unspecified uses. 


TABLE 29.—Shell sold or used by producers in the United States in 1961, by States 


Value Short tons Value 


3, 178, 662 | $3, 715, 675 || Virginia..................- 14, 460 $88, 375 


Loulslana 4, 641,276 | 7,655,928 || Other States 1 2, 606, 954 6, 160, 903 
A Ld 832 15, 500 | — — 
10,531,247 | 16,372,759 || Total 20, 973, 431 | 33, 009, 140 


Includes Alabama, California, Maryland, Mississippi, and Pennsylvania. 


21 Virtue, John C, Floating Plant in Mobile Bay Produces Crushed, Clean Oyster Shell. Pit and Quarry 
v. 53, No. 10, April 1961, pp. 94-97. 
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Calcareous Marl.—Marls are earthy deposits, chiefly calcium 
carbonate, commonly mixed with clay sand and organic material. 
The principal use of fresh-water marl was for liming acid soils. Marine 
ee marls were an important source of material for the manufacture 
oí cement. 


TABLE 30.—Calcareous marl sold si used by producers in the United States, ! 
y uses 


(Thousand short tons and thousand dollars) 


Quantity 


200 
1, 023 


— Á— ⁵ ⁵ ⁵ AAA HQ Üá(— 1, 283 


1 Produced by the following States in 1961, in order of tonnage: Mississippi, Virginia, Michigan, Indiana, 
Minnesota, Wisconsin, Nevada, and Ohio. 
2 Includes marl used in mineral food. 


SANDSTONE, QUARTZ, AND QUARTZITE 


Sales of sandstone, quartz, and quartzite increased 12 percent in 
volume and 2 percent in value. Chief increases were in material 
sold for roadstone, concrete, riprap, and glass. Leading States in 
production were Arkansas and California. 


TABLE 31.—Sandstone, quartz, and quartzite (crushed and broken stone) ! sold 
or used by producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


1960 
Use 


Quantity 


Concrete and road stone 13, 356 
Railroad Bala see 800 
1%oOUũũ] AA ĩ5v.. k e Cr. 

Refractory stone (ganister) 
F ³oAiſ ³ é A ĩð 8 


N ground sandstone, quartz, and quartzite. Friable sandstone is reported in the chapter on sand 

and gravel. 

een cement, fill, filler, porcelain, pottery, roofing granules, stone sand, terrazzo, tile, and unspeci- 
uses. 
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TABLE 32.—Sandstone, quartz, and quartzite (crushed and broken stone) sold 
or used by producers in the United States in 1961, by States 


5, 078, 342 


1 Includes Alabama, Connecticut, Georgia, Idaho, Indiana, Kansas, Maine, Maryland, Minnesota, 
Montana, Nevada, North Carolina, Oregon, South Carolina, and Wyoming. 


CRUSHED AND BROKEN SLATE 


Production of crushed and broken slate declined 10 percent in 
volume and 11 percent in value. Although some waste slate was 
bloated for use as lightweight aggregate, no economical use has been 
discovered for the great amount of waste material available. 


TABLE 33.—Slate (crushed and broken stone) sold or used by producers in the 
United States, ! by uses 


(Thousand short tons and thousand dollars) 


Produced by the following States in 1961 in order of tonnage: Georgia, Arkansas, Pennsylvania, Virginia, 
California, and New York. 
" " EE crushed slate used for lightweight aggregates to avoid disclosing individual company con- 
en ta. 
3 Includes asphalt filler and unspecified uses. 


MISCELLANEOUS STONE 


The miscellaneous stone classification included volcanic rocks, 
cherts, flint conglomerates, limestone chats from mining operations, 
and various other varieties. Their chief use was for local construc- 
tion. Output increased 4 percent, and value increased 7 percent. 
Average value was $1.13 per ton. California reported 32 percent 
of the tonnage. 


009878—62— —T4 
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TABLE 34.—Miscellaneous stone (crushed and broken stone) sold or used by 
producers in the United States, by uses 


(Thousand short tons and thousand dollars) 


1960 


Use 
Quantity 


S787 A ERE O E ERE 1 21, 397 


! Revised figure. 
2 Includes stone used for agriculture, filler, filtration, flux, roofing granules, stone sand, terrazzo, and un- 
specified uses, 


TABLE 35.—Miscellaneous varieties of stone (crushed and broken stone) sold 
or used by producers in the United States in 1961, by States 


Short tons Value Short tons Value 


77. R, $1, 553, 981 


AA AT 851, 276 $872, 217 

wees a ata 7, 050. 953 Pennsylvania 495. 896 710. 128 
J 156. 059 08 South Dakota 385, 953 
11 ĩðͤ es 709. 626 , r!!! 604, 844 
FF 8. 000] 4. 000 [ Uta gg : 69. 774 
MN PME eases 379, 446 Washington 359. 061 375, 867 
EG 900 Wisconsin... 89, 425 61, 675 
Maryland................ 300, 000 Wyoming ..........-....- 1, 581, 720 1, 601, 216 
Missouri 631, 250 Other States 1. ; 4, 531, 021 
Nevada 71. 810 —— | 
New Mexico 571.017 .w993]| | . TotaL.............. : 25, 132, 081 
North Dakota 40,021 | | 40,198 || Panama Canal Zone 71, 288 

Mur 1, 294, 540 FEE 


Includes Alaska, Arkansas, Louisiana, Massachusetts, Montana, New Hampshire, Now Jersey, New 
York, Rhode Island, Vermont, and Virginia. 


FOREIGN TRADE ? 


Imports of crushed limestone from Canada increased 136 percent 
to 287,000 short tons. Quartzite was imported from Mexico, Canada, 
Sweden, Norway, and Netherlands. Whiting for pigment or polish- 
ing was imported from France, the United Kingdom, and Belgium; 
and also, in smaller quantities, from Japan, West Germany, an 
Netherlands. 


33 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of the U.S. Department of Commerce, Bureau of the Census. 
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TABLE 36.—U.8. imports for consumption of stone and whiting, by classes 


1961 
Class 
Quantity Value 
Marble, esa and onyx: 
Sawed or dressed, over 2 inches thick.-__cubic feet.. 11.244 3104, 096 
In blocks, rough, ys AN as ee do. 123, 358 791, 638 
Slabs or paving tiles superficial feet 4, 136, 448 3, 456, 596 
All other manufactures. 4 3, 302, 944 3, 766, 892 
Total 22222 AAA enee le wm „„ A OU, TUE Lew ew e eem ee e 8 119, 222 
Granite: 
IR EE cubic feet.. 60, 041 761, 099 
C111! A A do.... 102, 193 577,702 
Paving blocks, wholly or partly manufactured 
num 1, 674 47, 332 
TOCA) EE ↄ ⁵ð d 1, 386, 133 
rte 8 short tons.. 22, 989 19, 527 
SI - ³ↄ³WWAA. ³ ͥ⁰¶⁰ꝗã⁰ ͥͥͥ ³⁵ y 490. R70 EE 481, 132 
Travertine stone (unmanufactured)......... cubic feet... 61,054 164, 593 
SE (other): 
Dressed: Travertine, sandstone, limestone, etc. 
cubic feet. 147, 358 418, 758 
Sex (monumental or building stone) 
cubic feet 1, 909 3, 678 
h (other) e--. Short tons 301,611 466. 180 
arble chip or granite do.... 26, 848 209, 938 
Cun or ground, n.s. p. f 856, 333 |............ 656, 519 
M..... yy P3 T95. Boe) APA 1, 815,073 
Whiting: 
Chalk or whiting, precipitated. ........ short tons... 1, 113 , 
Whiting, dry, ground, or bolted..............d0.... 11, 667 217, 021 
Whiting, ground in oil (putty)............... do.... ) 
e AA III A, O 292,029. E 282, 678 
Grand total 1, 344, 304 12, 268, 358 
1 Revised figure. 
2 Less than 1 ton. 
Source: Bureau of the Census 
TABLE 37.—U.S. exports of stone 
Crushed, ground, or broken 
Building and monu- Other 
mental stone manu- 
Year Limestone factures 
of stone 
(value) 
Cubic 
feet 
105250 (average)..... $391, 411 
o 506. 180 
1958 JFC A d kek 432,072 
A A 643, 102 
1900; 8 477, 401 
AA E 790, 912 429, 
1 Revised figure. 


Source: Bureau of the Census. 
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TABLE 38.— U.S. exports of slate, by uses ! 
(Value) 


1952-56 
(average) 


$12, 184 


213, 830 
151, 185 


TTT 377, 199 


Use 


ther uses 3........ ee 


Figures collected by the Bureau of Mines from shippers of products named. 
2 Included with “Other uses" to avoid disclosing individual company confidential data. 
3 Includes electrical slate, school slate, blackboards, and billiard tabletops. 


WORLD REVIEW 


Canada.—Production of limestone amounted to 46.2 million tons 
in 1961. Quebec and Ontario Provinces provided 93 percent of the 
total. Of the 56.2 million tons of stone produced, limestone accounted 
for 82 percent. During 1961, 733,000 tons of crushed stone valued at 
Can$1,091,000 was exported. Imports were 790,000 tons valued at 
Can$1,185,000. This trade was nearly all in crushed limestone for 
construction.?? 

Consumption of all types of roofing granules in 1960 declined 18 
percent in volume and 29 percent in value. Artificially colored 

anules were in greatest demand. Most popular colors, in order of 
dand. were green, black, white, gray, d buff to blue.“ 

Nigeria.—Extensive drilling near Itobe delineated a deposit of at 
least 20 million tons of limestone suitable for use as flux for Nigeria’s 
proposed iron and steel industry. Samples were uniform and con- 
tained 98.5 percent calcium carbonate.” 

Rhodesia and Nyasaland, Federation of.—Northern and Southern 
Rhodesia in 1960 produced 807,129 short tons of limestone valued at 
US$630,745. Production decreased from 995,920 tons in 1959 because 
of completion of the Kariba Dam and a cutback in construction 
activity.” 

Taiwan.—Because of increased demand for cement, output of 
limestone, including crystalline limestone or marble, was up 20 percent 
to 2,735,000 short tons.” 

Union of South Africa.—Limestone production was 8,016,626 short 
tons. Two-thirds of production went to cement plants.* 


TECHNOLOGY 


The results of experiments to determine correlation between 
petrology and rate and degree of polishing of various types of British 
road stones were reported. Among the rock types studied, for which 


3 Ross, J. 8. Limestone. Ch. in The Canadian Mineral Industry, 1961. Canada Dept. Mines and 
Tech. Surveys, Ottawa. April 1962, 5 pp. 

* Hanes, F. E. Roofing Granules. Canadian Mineral Industry—1960 (Preliminary). Review 48 5 pp. 

% Mining Journal (London), Raw Materials for Nigeria's Proposed Iron and Steel Industry. V. 7, 
No. 6577, Sept. 8, 1961, P. 231. 

% Bureau of Mines. Mineral Trade Notes. V. 53, No. 5, November 1961, p. 43. 

2? U.S. Embassy, Talpal, Taiwan. State Department Dispatch 427, May 2, 1 2. 

% U.S. Embassy, Johannesburg, South Africa. State Department Dispatch 7. July 7, 1961, p. 24. 
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experimental polished-stone coefficients were established, were basalts, 
gritstones, limestones, granites, gabbros, porphyries, flints, and 
quartzites.” 

At a symposium on rock mechanics, held at Pennsylvania State 
University under the sponsorship of the University of Minnesota, 
Missouri School of Mines, and Colorado School of Mines, in coopera- 
tion with the National Science Foundation, the following subjects were 
discussed: (1) Strata movement from underground openings, (2) be- 
havior of rock under static loading, (3) behavior of rock under dynamic 
loading, (4) stress movement and ground control, and (5) dynamic 
loading in rock penetration. 

Triangular coordinate paper was used with the plotted percentages 
of available aggregates to determine the possibility of producing 
certain desired blends.” 

The procedures for manufacturing colored roofing granules were 
discussed.?! 

Limestones in southern Ontario were analyzed for trace elements 
important to the productivity capacity of soils. It was found that 
some limestones carried excessive quantities of lead which, carried 
over into certain grains, might be detrimental to health. The report 
suggested that it was necessary to determine the presence of these 
trace elements in all limestones used for soil conditioning.“ 

Specifications that directly affect the production of miscellaneous 
types of aggregates were discussed in three classifications: Before 
production, during production, and after production.® 

More than 70 uses of limestone and dolomite were discussed in & 
publication. Chemical and physical specifications were given for 
most of the uses, and a Coluprehénstve bibliography was included.* 

Extensive use of fused cast basalt for ball mill linings, pipes for 
pneumatic transfer of abrasive silicates, troughs for drain conveyors 
and sluiceways, and for lining cyclones was reported from German 
and the United Kingdom. The abrasion ratio ranged from a half 
to a fortieth of rates reported for other wear-resistant materials.*5 

Drilling and Blasting.—By using 1.3 pounds of explosive per cubic 
yard instead of .78 pounds per cubic yard, well-broken limestone in 
the range of 8 to 10 inches and under was produced, thus eliminatin 
crusher jamming at a Rockland, Maine, quarry producing agricultura 
limestone. 

One man was killed and another injured on January 30 in the 
Jefferson Island (Louisiana) underground salt mine while holes were 
being loaded with ammonium nitrate-fuel oil (ANFO) explosive. 


? Knill, Diane C. Petrographical Aspects of the Polishing of Natural Roadstones. Crushed Stone J., 
v. 36, No. 2, June 1961, pp. 13-20. 

9% Driscoll, George F. Graphical Method Simplifies Economical Blending of Aggregates. Eng. News- 
Record, v. 167, No. 12, Sept. 21, 1961, pp. 134-135. 
i „ ee W. Manufacturing Roofing Granules. Am. Ceram. Soc. Bull., v. 40, No. 9, Sept. 

„ DD. 558. 
Warren, H. V., and R. E. Delavault. The Lead, Copper, Zinc and Molybdenum Content of Some 

5 SCH Related Rocks in Southern Ontario. Economic Geology, v. 56, No. 7, November 1961, 
pp. 1265- 
3 0 0 J. E. Specifications for Mineral Aggregates. Crushed Stone J., v. 36, No. 2, June 1961, pp. 

H Lamar, J. E. Uses of Limestone and Dolomite. Illinois State Geol. Survey Circ. 321, 1061, 41 pp. 

85 Engineering. Abrasion Won't Hurt Basalt. V. 211, No. 5495, May 20, 1960, p. 678. 

Pit and Quarry. Modern Blasting Methods Pay Off in Historic Limestone Quarries. V. 54, No. 2. 
August 1961, pp. 108-110. 
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A second accident, the first recorded in a mixing plant for prepar- 
ing ANFO explosive, occurred at Norton, Va., on Dicembar 27,1961. 
There were no fatalities, although 26 persons were injured, and there 
was much property damage." The occurrence of two accidents 
within 11 months points up the necessity for observing recommended 
safety practices while using this new explosive. Many users had 
failed to observe good safety practices, and these explosions empha- 
sized the danger Trom what was considered to be a relatively safe 
explosive. 

A report was published to bring attention to possible use hazards.* 

A series of three articles which surveyed the development and 
applications of ammonium nitrate-fuel oil mixtures used for blasting 
was published. Aspects reported were theory of slurry explosives, 
mixing systems, charging, blasting techniques, operational practices, 
and the blasting techniques and cost accounting at a typical British 
limestone quarry.?* 

Advantages to be derived by inclined drilling for surface mining 
were appraised. Estimated savings in drilling and blasting by use 
of this method are 1 percent per degree of drill inclination.” 

The blasting procedures successfully adopted by a New Jerse 
traprock quarry to minimize complaints by neighbors were itemized.*! 

Mining and Processing.—Refraction seismograph soundings were 
found to be particularly effective in determining rippability of various 
types of quarry rock.“ 

A combination bulldozer and 3-tooth ripper enabled a Florida 
TEE to quarry a limestone deposit that contained large flint 

oulders. Previous attempts to quarry using a shovel were not 
satisfactory.” 

A comprehensive review of the problems inherent in selecting and 
installing high-capacity rock-crushing plants was published. Factors 
governing choice of primary, secondary, and finishing crushers were 
evaluated. Conveying, screening, storage, and reclamation arrange- 
ments were illustrated by flow diagrams.“ 

A diesel dragline was used to remove 20 to 60 feet of sandstone and 
shale overburden from a 17-foot vein of limestone in a Pennsylvania 
quarry. Crushed stone to meet seven types of highway specifications 
was produced at the rate of 200 to 250 tph.* 

The completely portable equipment used by an Iowa producer to 
furnish aggregate and agricultural lime from four separate quarry 
locations was described.** 

8 Van Dolah, Robert W., and Joseph 8. Malesky. Fire and Explosion in a Blasting Agent Mix 
Bullding, Norton, Va. BuMines Rept. of Inv. 6015, 1961, 12 pp: 

8% Bureau of Mines. Tentative Safety Recommendations for Field-Mixed Ammonium Nitrate Blasting 
Agents. Inf. Cire. 7988, 1960, 12 pp. 

9 Fish, Brian G. de asa Bulk Blasting Agent. Quarry Managers’ J. (London), v. 45, 
No. 6, June 1961, pp. 235-238; No. 7, July 1961, pp. 275-275; and No. 8, August 1961, pp. 295-302. 

40 Kochanowsky, B. J. Theory and Practice of Inclined Drilling for Surface Mining. Pit and Quarry, 
v. 53, No. 10, April 1961, pp. 128-132, 136, 139. 

4 Miller, Daniel J., Jr. Blasting Vibrations In Quarry Operations. Min. Cong. J., v. 47, No. 8, August 
eg Engineering (London), Rock Ripping. V. 27, No. 5, May 1961, pp. 212-217. 

€ Pit and Quarry, v. 53, No. 12, June 1941, p. 32. 

“ Brown, G.J. High-Capacity Rock Crushing Plants: Selection, Installation and Operation. Quarry 
Manarers' J. (London), v. 48, No. 1, January 1962, pp. 19-26. 

€ Trauffer, Walter E. Many Handicaps Overcome 2 Pennsylvania Plant To Produce State Specification 
Rock. Pit and Quarry, v. 54, No. 3, September 1961, pp. 84-88 


pp. : 
i SCH 1 Buren C. Iowa Producer Keeps on the Move. Pit and Quarry, v. 53, No. 12, June 1961, pp. 
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Details of the modernization of an English granite quarry and 
plant by which production was increased from approximately 115,000 
tons per year to about 350,000 tons per je were reported. The 
problem of utilization of small-sized crushed waste was solved by 
installing equipment for making precast concrete products.“ 

Results of & 5-year program of research and investigation of 
operating conditions required to produce aggregates from 12 different 
types of rock were published. Crusher types studied were jaw, impact, 
foll, and cone. Determinations were made on grading of feed, output 
in tph, grading and shape of product, and energy consumed. Tables 
illustrated the effects of these various factors.“ 

Twin reversible hammermills operating in parallel following a 42- 
by 65-inch gyratory crusher were used to reduce 400 tph of extremely 
hard and tough high-silica limestone.*? 

Transportation.—A 5X-mile-long conveyor belt was installed at 
Ada, Okla., to carry 1,000 tph of shale and limestone from quarries to 
the new plant of Ideal Cement Co. The conveyor assembly was 
supported and roofed with prestressed concrete manufactured with 
lightweight aggregate.“ 

A belt conveyor was used to transport crushed traprock 2 miles 
along Interstate Highway 95 in New Jersey. Using a belt conveyor 
instead of trucks allowed day-and-night operation without interfering 
with traffic and required only four or five operators." A 276-foot 
prestressed concrete T-beam was used to support a wire rope con- 
veyor moving 300 tph of sand and crushed stone across a highly 
traveled highway.” The various factors to be considered when se- 
lecting a belt conveyor system were analyzed.* 

$7 Quarry Managers’ Journal (London). Modernization of a Large Granite Quarry and Plant. V. 45 
No. 9, September 1961, pp. 343, 350. 

w Shergold, F. A. Results and Conclusions from Research on Granulation. Quarry Managers’ J. 


(London), v. 45, No. 4, April 1961, pp. 133-139. 
* Rock Products. Tough Limestones Yield to Hammermills. V. 64, No. 9, September 1961, pp. 132-134, 


48. 
i 2 M MATE Engineering (London). 5}4-Mile Belt Conveyor Installation. V. 27, No. 8, August 
1, pp. 76. 
u Roads and Streets. Brewster Belts Rock Two Miles in Unique Freeway Grading Operation. V. 
104, No. 10, October 1961, pp. 51-52, 82, 86-88. 
33 Pit and Quarry. Unusual Conveyor Erected to Solve Transport Problem. V. 54, No. 2, August 1961 


8 Meschter, Elwood. Let's Take a Sharp Look at Belt Conveyor Design. Rock Products, v. 64, No. 9 
Beptember 1961, pp. 113, 114, 116, 118, 120. 
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Strontium 
By Milford L. Skow * and Victoria R. Schreck? 


A 


ONSUMERS of strontium minerals continued to depend on 
C imports for their supply, as the domestic strontium-mining in- 
dustry was again inactive in 1961. 


LEGISLATION AND GOVERNMENT PROGRAMS 


A proposal to dispose of 28,816 short tons of celestite from the 
strategic stockpile was announced by General Services Administration 
in the Federal Register of March 16, 1961. "This material was deter- 
mined by the Office of Civil and Defense Mobilization to be below 
specification and not contributing to the stockpile objective. The 
necessary Congressional approval of the disposition was not received 
during 1961. 

No celestite was contracted for under barter contracts for surplus 
5 commodities, but the Commodity Credit Corporation, 

S. Department of Agriculture, continued to consider offers. 


DOMESTIC PRODUCTION 


The celestite deposit of Pan Chemical Co. in the Fish Creek Moun- 
tains, San Diego County, Calif., and that of Mineral Products Corp. 
near La Conner, Skagit County, Wash., were inactive again in 1961. 
As a result, no domestic production of strontium minerals was reported 
for the second consecutive year. 

Imported celestite was converted to strontium chemicals by E. I. du 
Pont de Nemours & Co., Inc., at Grasselli, N.J.; Foote Mineral Co., 
at Exton, Pa.; Mineral Products Div., FMC Corp.,“ Modesto, Calif.; 
and Barium and Chemicals, Inc., Willoughby, Ohio. 

King Laboratories, Inc., Syracuse, N.Y., produced a small quantity 
of strontium metal. 


CONSUMPTION AND USES 


Strontium minerals, chiefly celestite, continued to be used largely in 
manufacturing strontium chemicals. Small quantities also were con- 
sumed in producing ceramics and glass and in refining caustic soda. 


1 Commodity specialist, Division of Minerals. 
3 Statistical clerk, Division of Minerals. 
®Name changed from Food Machinery and Chemical Corp, May 28, 1961. 
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Strontium chemicals, particularly the nitrate, were used principally 
in pyrotechnics to impart a brilliant red color to the flame. Common 
applications were tracer bullets, distress signal rockets and flares, 
tactical military signal flares, highway and railroad warning fusees, 
and fireworks. Strontium compounds also were used in ceramics, 
greases, medicines, corrosion inhibitors, plastics, and luminous paints, 
and in manufacturing high-purity electrolytic zinc. 

5 metal was used as a getter in the manufacture of vacuum 
tubes. 

Strontium 90, in the form of titanate pellets, was used as the heat 
source for thermoelectric production B current to power & Coast 
Guard navigational buoy and a remote automatic weather station. 
The buoy in Chesapeake Bay was expected to last 10 years, emitting 
a flash every 5 seconds.* The weather station in the Canadian Arctic 
was expected to last 2 years.* 


PRICES 


Prices of various strontium compounds were quoted in Oil, Paint 
and Drug Reporter throughout 1961 as follows: Strontium sulfate, air- 
floated, 90-percent, 325-mesh, bags, works, $56.70-$66.15 per short ton; 
strontium carbonate, pure, drums, 5-ton lots or more, works, 35 cents 
per pound, and drums, 1-ton lots, works, 37 cents per pound; strontium 
carbonate, technical-grade, drums, works, 19 cents per pound; and 
strontium nitrate, bags, carlots, works, $11 per 100 See and bags, 
less than carlots, works, $12 per 100 pounds. These prices were un- 
changed from 1960. 


FOREIGN TRADE 


Quantity and value of strontium minerals imported were the highest 
since 1951, as they increased 60 and 63 percent, respectively, over 1960. 
The United Kingdom supplied about 73 percent of the 1961 imports 
and Mexico, virtually all the remainder. 

Strontium chemicals (carbonate, nitrate, or oxide) were not im- 
ported in 1961. 


TABLE 1.—U.8. imports for consumption of strontium minerals, by countries 


1960 1961 
Country E | re A Lance eee a 
Short tons Value | Short tons Value 
¡E ˖ cuz SE Ee 11 $2. 700 11 €2. 700 
Merlo tuc tate a LE y dE ere eee 3 2, 881 56, 530 2, 642 48. 713 
United King donn 3. 204 WO, 476 7,278 193, 064 
d io) EE 26,186 | 149, 706 9, 931 244, 477 


1 Strontinnite or mineral strontium carbonate and celestite or mineral strontium sulfate. 
2 Revised figure. 


Source: Bureau of the Census. 


‘Chemical Week. Use Atomic Power for Light. V. 89, Dec. 30, 1961, p. 14. 

ë Signal. Signalgram, General. V. 16, October 1961, E 29. 

* Figures on importa and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
rion of Foreign Activities, Bureau of Mines, from recorda of the U.S. Department of Com- 
"erce, Bureau of the Census. 
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WORLD REVIEW 


Strontium minerals were produced in several countries; the United 
Kingdom and Mexico continued to furnish most of the output. 

Pakistan.—T wo large deposits of celestite were reported in the 
Dador district. * 

United Kingdom.—The strontium-90 content of rainwater, soil, grass, 
and a number of biological materials in the Scottish highlands was 
Gien? A downward trend in radioactivities of these materials was 
indicated.® 


TABLE 2.—Free world production of strontium minerals, by countries 
(Short tons) 


Country ! 1957 1958 1959 1960 1961 
%%%/%õõ§ĩéÜê560! AI (3) 240 (3) (3) ) 

Wo eee ure ATA A 1, 226 703 15 4 1,000 
A AA RE 1, 896 2, 336 2, 182 2, 880 2, 642 
Morocco: Southern Zone 661 1, 124 JJ%/é A 
a A A 956 510 744 1, 492 461 
United Kingdom — 7, 728 6, 272 6, 720 4 7,000 4 7, 000 
United States... L :᷑ n 6  L..——. CORE SORORIS NICO 

Free world total 111. 4 13, 000 11,185 | *10,700 | 412, 600 4 11, 400 


! In addition to countries listed, strontium minerals are produced in Germany, Poland, and U.S.S.R., 
but data on production are not available; no estimates are included in the total for these countries. 

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated flgures are included in the detail. 

3 Data not available; estimate included in total. 

4 Estimate. 

5 U.8. imports, 

* Figure withheld to avoid disclosing individual company confidential data; included in world total. 


Compiled by Helen L. Hunt, Division of Foreign Activities, 


TECHNOLOGY 


Optical and X-ray data were given for celestite and calciostronti- 
anite from a deposit in Wise County, Va. Other occurrences of 
celestite were reported in Virginia at Hayfield, Frederick County, 
and near Fulks Run, Rockingham County; calciostrontianite was re- 
p near Dublin, Pulaski County, and near Harrisonburg, Rocking- 

am County.? 

The occurrence, properties, and uses of strontianite were sum- 
marized briefly? and the uses of strontium compounds were traced 
from earliest applications to the present.” 

Methods were devised for recovering strontium from an aqueous 
solution of fission products by precipitating the nitrate from an 18 
molar nitric acid solution *? and from a complete brine by precipitating 
the chromate.* A foam-separation technique for removing strontium 


jee Tournal (London). Mining Miscellany. V. 257, July 14, 1961, p. 47. 
*Stanwix, P., and J. Hawthorn. trontium-90 From Radioactive Fallout in Central 
Scotland. Chem. and Ind. (London), No. 17, Apr. 29, 1961, pp. 624-629. 

° Mitchell, R. S., and R. F. Pharr. Celestite and Calciostrontianite From Wise County, 
Virginia, Am. Mineral, v. 46, January-February 1961, pp. 189-195. 

nine and Quarry Engineering (London). Strontianite. V. 27, January 1961, pp. 


1 ; 

u Chemical Trade Journal and Chemical Engineer (rondon) Strontium Compounds, 
Modern Applications and Uses. V. 149, 1 15, 1961, pp. 573-674. 

12 Glueckauf, E. (assigned to The United Kingdom Atomic Energy Authority). Method 
of Separating Strontium From Other Fission Products. U.S. Pat. 3,010,788, Nov. 28, 1961. 

18 Goodenough, R. D., and V. A. Stenger (assigned to The Dow Chemical Co.). Strontium 
Chromate From Brine. U.S. Pat. 2,980,502, Apr. 18, 1961. 


1172 MINERALS YEARBOOK, 1961 


90 as well as a number of other constituents from solutions was scaled 
up to prot plant size.!“ In recovering strontium 90 from fission prod- 
ucts, the process should remove at least 99 percent of the calcium and 
recover at least 95 percent of the strontium 90 to meet product purity 
specifications. This removal was accomplished by a multistage liquid- 
liquid extraction process using a buffered aqueous phase and an alcohol 
additive which reduced the effect of organic-phase loading on the 
distribution coefficient.** Production of strontium 90 titanate for 
use as the heat source in thermoelectric power plants was described.!* 

A number of articles related to the assimilation of strontium 90 
by plant and animal life." Concern over the effects of the absorp- 
tion of such radioactivity generated a number of studies of analytical 
methods for determining strontium in biological materials“ and a 
process for removing strontium 90 from milk.!? 

Reaction rates of strontium with oxygen and nitrogen were meas- 
ured as a function of temperature and pressure, and tentative reaction 
mechanisms were proposed.”° 

Oxide systems containing strontium oxide were studied for com- 

ositions useful in developing frits and glazes for ceramic bodies.” 

ighly refractory properties and good chemical stability were re- 
po for strontium zirconate ceramics,?? and the production, prop- 
erties, and uses of strontium hexaboride were described.” 


i02 Chemical Engineering. Foam Separation Set To Go. V. 68, Apr. 3, 1961, pp. 100- 


158 McHenry, R. E., and J. C. Posey. Separation of Strontlum- 90 From Calcium by Sol- 
vent Extraction. Ind. and png. Chem., v. 53, a ere 1 647—650. 

i 90 Englneering ws. Oak Ridge tails S roduction. V. 39, Dec. 11, 

; pp. 62-64. 

1? Langham, W. H. Some Considerations of Present Biospheric Contamination by Ra- 
dioactive Fallout. J. Agr. and Food Chem., v. 9, March 1961, pp. 91-95. 

Roberts, H., Jr, and R. G. Menzel. Availability of Exchangeable and Nonexchangeable 
Strontium-90 to Plants. J. Agr. and Food Chem., v. 9, March 1961, pp. 95-98. 
uo ee Strontium-90 in U.S. May Double Next Spring. V. 80, Nov. 18, 

D p. RA " 

Wasserman, R. H., and C. L. Comar. Dietary Considerations of the Radionuclide Con- 
taminatiou of Nonmilk Foods. J. Agr. and Food Chem., v. 9, March 1961, pp. 113-118. 

1$ Collin, R. L. X-Ray Fluorescence Analysis Using Ion Exchange Resins for Sample 
Support; Determination of Strontium in 0.1 M Calcium Acetate Solution. Anal. Chem., 
v. 33, April 1961, PP; 605-607. 

Dumont, P. A. Paper Chromatographic Separation and Complexometric Titration of 
Trace Amounts of Strontium and Calcium in Biological Material. Anal. Chem., v. 33, 
ApH 1961, $P 565—567. 

atelson, S., and B. Sheid. X-Ray Spectormetric Determination of Strontium in Human 
Serum and Bone. Anal. Chem., v. 33, March 1961, pp. 396401. 

Porter, C., D. Cahill, R. Schneider, P. Robbins, W. Perry, and B. Kahn. Determination 
of 0 in Milk by an Ion Exchange Method. Anal. Chem., v. 33, September 1961. 
pp. 1: 308. 

Upham, F. T., F. T. Lundgren, and A. V. Nichols. Some Characteristics of a Stron- 
19 Beta-Particle Detector for Gas-Liquid Chromatography. Anal. Chem., v. 33, June 

61, pp. 5— . 

Wade, M. A., and H. J. Seim. Ion Exchange Separation of Calcium and Strontlum: 
50 to Determination of Total Strontium in Bone. Anal. Chem., v. 33, May 1961, 
pp. . 

1 Science Newsletter. Process Removes 98 Percent of Strontium-90 From Milk. Y. 80, 
Sept. 16, 1961, p. 193. 

Chandrasekharalah, M. 8., and J. L. Margrave. The Kinetics of Oxidation and Nitri- 
dation of Lithium, Calcium, Strontium, and Barium. J. Electrochem. Soc., v. 108, Novem- 
ber 1961, pp. 1008-1012. 

n Watts, A. S. Control of the Properties of Glazes by the Aid of Eutetics, Part III. 
The Alkaline Earth-Boric Oxide-Silica Systems Sepurately and in Combinations. J. Am. 
Ceram. Soc., v. 44, June 1961 PE 272-276. 

2 Keler, E. K., and A. K. Kuznetsov. (Synthesis and Physiotechnical Properties of 
Strontium and Barium Zirconates.) Zhur. prikladnoy Khim. (U.S. S. R.), v. 34, October 
1901, pp. 2146-2153 ; U.S. Department of Commerce, Current Review of the Soviet Tech- 
nical Press, Off. of Tech. Serv., Dec. 22, 1961, p. 1 (603). 

* Samsonov, G. V., T. I. Serebryakova, and A. 8. Bolgar. (Strontium Hexaboride.) 
Zhur. Neorg. Khim. (U.S.S.R.), v. 6, October 1961, pp. 2243-2248; U.S. Department of 
55 0 urrent Review of the Soviet Technical Press, Off. of Tech. Serv., Dec. 22, 1961, 
D. . 
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The existence of a high-temperature form of strontium orthophos- 
phate (beta-strontium orthophosphate) was established, and the 
ranges of o een and temperature were determined for stabiliz- 
ing this crystalline modification at room temperature by solid solution 
of orthophosphates of magnesium, calcium, zinc, cadmium, and alumi- 
num. Luminescence studies were made on tin-activated beta-stron- 
tium orthophosphate solid solution phosphors.” 

As strontium content in barium-strontium titanates and stannates 
increased, the shrinkage increased, the Curie point tended toward a 
lower temperature, and the minimum value of resistivity tended to 
be higher.?5 

Strontium fluoride crystals doped with divalent samarium were re- 
ported to be a new laser material,“ and strontium halophosphates 
could be activated with antimony and manganese to form green 
phosphors.? A process for reducing color and increasing trans- 
parency in a strontium titanate boule was described.?* 


* Sarver, J. F., M. V. Hoffman, and F. A. Hummel. Phase Equilibria and Tin-Activated 
Luminescence in Strontium Orthophosphate Systems. J. Electrochem. Soc., v. 108, De- 
cember 1961, pp. 1103-1110. 

æ Saburi, Osamu. Semiconducting Bodies in the Family of Barium Titanate. J. Am. 
Ceram. Soc., v. 44, February 1961. pp. 54-63. 

2 Kovac, Carl. Strontium Fluoride Laser Crystals Now Available. Electronic News, 
v. 6, Oct. 30, 1981P 54. 

27 Rimbach, H. W. (assigned to Westinghouse Electric Corp.). Green Halophosphate 
Phosphor. U.S. Pat. 2,968,626, Jan. 17, 1961. 

22 Beals, M. D., and Leon Merker (assigned to National Lead Co.). Metal Titanate 
Preparation. U.S. Pat. 2,985,518, May 23, 1961. 


Sulfur and Pyrites 


By Paul M. Ambrose, Leonard P. Larson,“ and 
Betty I. Stanley * 


PARKED by great industrial activity in many parts of the free 
world, production and consumption of sulfur in all forms reached 
a new record in 1961. Production rose substantially, but con- 
sumption grew only moderately. Increased production was mostly 
in the form of elemental sulfur. The U.S. production of sulfur, in 
all forms, increased at a greater rate than world output, mainly be- 
cause new sulfur terminals were stocked with molten sulfur. Prices 
were slightly strengthened during the year. Exports from the United 
States were lower, and imports increased. The most notable event 
that occurred during the year was the conversion, by a large segment 
of the sulfur-consuming industry, to the use of molten sulfur. Esti- 
mates indicated that 50 percent of the elemental sulfur delivered to 
the consumer was in the molten form. 


TABLE 1.—Salient sulfur statistics 
(Long tons, sulfur content) 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 
Production 5, 670, 416 | 5, 578, 525 | 4, 645, 577 | 4,639,816 | 5,037,292 | 5,477, 493 
All ern EE 810, 450 | 7, 003, 888 | 6, 141, 169 | 6, 167,740 | 6,660,541 | 7,170,279 
Imports, pyrites and sulfur.... 193, 552 668, 501 754, 987 884, 838 966, 417 
Exports, guliur. 1, 519, 098 | 1, 592, 979 | 1, 602, 126 | 1,635,607 | 1,786,543 | 1, 596, 043 


Stocks Dec. 31: Producer, 
Frasch and recovered sulfur..| 3, 397, 559 | 4, 579, 623 | 4, 619, 028 | 3,949,954 | 3,777,709 | 4,813, 521 


Consumption, apparent, all 
JOER tee KR «ess 5, 232, 800 | 5, 553, 700 | 5, 262, 800 | 5,917, 100 | 2 5, 863, 500 | 5,435, 500 
World: Production: 
Sulfur, elemental. ............. (3) 8, 740, 000 | 8, 370, 000 | 9, 190, 000 | 10, 290, 000 | 11, 380, 000 
Ill (3) 8, 000, 000 | 7, 800, 000 | 7, 700, 000 | 3, 100, 000 | 8, 200, 000 


1 Measured by quantity sold plus Imports minus exports. 
3 Revised figure. 
$ Data not available. 


DOMESTIC PRODUCTION 


Production of sulfur in all forms totaled 7.2 million tons, approach- 
ing for the first time in 4 years the record 7.8 million ton output of 
1956. The major production increases were reported for Frasch and 
recovered sulfur, which gained 443,000 tons (9 percent) and 89,000 


1 Assistant chief, Branch of Nonmetallic Minerals, Division of Minerals. 

2 Physical scientist, Division of Mineral Resources, Denver, Colo., formerly with Divi- 
slon of Minerals, Washington, D.C. 

3 Statistical clerk, Division of Minerals. 
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tons (12 ponent), 5 About 5, 385, 000 tons of the total 
production was Frasch process sulfur obtained from Gulf Coast 
mines in Texas and Louisiana. Other sources were native ore, 92,000 
tons; byproduct of sour-natural and refinery gases, 856, 000 tons; 
burning of pyrites, 399, 000 tons; and various forms from other source, 
438,000 tons. 


TABLE 2.—Production of sulfur and sulfur-containing raw materials by 
producers in the United States 


(Long tons) 


1952-56 (average) 1957 1958 


Gross Sulfur Gross Sulfur Gross Sulfur 
weight content weight content weight content 


A —— — om AO — O 


Native sulfur or sulfur ore: 
Frasch-process mines 5, 625, 198 | 5,625, 198 | 5,491,212 | 5,491,212 | 4, 643, 243 | 4, 643, 243 
Other mines 1. 157, 377 45, 218 276, 868 87, 313 6, 292 2. 33A 
q AAA AS 5, 670, 416 |........... 5,578, 525 4, 645. 577 
Recovered elemental sulfur: 
Brimstone....................... 364, 287 362, 516 511, 936 510, 307 641, 890 640, 096 
A EE 1, 307 617 452 / A 
VV) A II BEE 363, 133 |........... 510, 511 |... c2 mc 640, 098 
Pyrites (including coal brasses)...... 980, 510 408, 901 | 1,067, 396 436, 012 974, 114 403, 373 
Byproduct sulfuric acid (basis 100 
recent) produced at Cu, Zn, and 
b plantis. eebe aec UEM TU 879, 521 287, 427 | 1,194, 230 390, 394 | 1, 101, 754 359. 723 
Other byproduct sulfur compounds 1. 92, 756 80, 573 102, 157 88, 446 106, 527 92, 400 
vk —— ———— — — 6, 810, 450 7, 003, 888 6, 141, 169 
1959 1960 1961 
Gross Sulfur Gross Sulfur Gross Sulfur 


welght content weight content weight content 


Frasch-process mines 4, 553, 634 | 4, 553, 634 | 4, 942,935 | 4,942,935 | 5, 385, 468 | 5, 385, 468 

Other mines 11. 331, 237 86, 182 379, 067 94, 357 400, 015 92. 025 

Total. A ³¹1 IA 4, 639,816 |........... 5, 037, 9222224 5, 477, 493 
Recovered elemental sulfur: 

Hrimston6. e. 688, 487 686, 407 769, 319 766, 506 859, 213 855, 969 
A ⁵ ⁵ sd ð⁊ð A A PA A 
c EE 686, 47 766, 566 ..oo.o... 855, 969 

Pyrites (including coal brasses) 1, 056, 617 436, 871 | 1,016, 263 416, 213 987, 309 388, 519 


Byproduct sulfuric acid (basis 100 
recent) produced at Cu, Zn, and 


b plants EE 969, 678 316, 600 | 1,056, 890 345,075 | 1,016, 731 331, 963 
Other byproduct sulfur compounds ?. 104, 887 88, 046 114, 359 95, 395 126, 923 106, 335 
Totäl A ĩ ³˙ i EE 6. 167, 740 [..........- 6, 660, 541 |........... 7, 170, 279 


1 Sulfur content estimated for 1952. 
2 Hydrogen sulfide and liquid sulfur dioxide. In addition, a quantity of acid sludge is converted to H180, 
but is excluded from the above figures. 


NATIVE SULFUR 


Twelve Frasch process mines were operating during 1961, un- 
changed from the number of plants (erroneously reported as 13) 
operating at the close of the preceding year. The 12 facilities operat- 
ing during 1961 were Texas Gulf Sulphur Co. at Boling, Moss Bluff, 


SULFUR AND PYRITES 1177 


" LLION LONG TONS 


NEN NER EVE 
| tt LLLI MUA. E 
P - y — 
Domestic production PAN “NY 
DN / 
Nf Via 

CA ¡SA ur EE consumption 
CEA AG Sane 

PAS V geg Y 

L 

2 
7 28 1931 1934 1937 1940 — 1943 i946 1949 1952 19 


1929 19 $$ i958 1961 


be 


FIGURE 1.—Domestic production, apparent consumption, and exports of native 
sulfur, 1925-61. 


Spindletop, and Fannett domes in Texas; Freeport Sulphur Co. at 

rande ille, Garden Island Bay, Grand Isle, Lake Pelto, and 
Chacahoula in Louisiana; and Jefferson Lake Sulphur Co. at ‘Long 
Point Dome, Duval Sulphur & Potash Co. at Orchard Dome, and 
United States Sulphur Corp. at High Island, all in Texas. 

Production of sulfur by Duval Sulphur & Potash Co. approximated 
that of the preceding year. Production from the deep mining area, 
begun in 1959, continued to increase during the year. Fuel costs were 
reduced as the quantity of hot water required to produce a ton of sul- 
fur declined significantly owing to a carefully planned water conser- 
vation program.“ 

The Freeport Sulphur Co. Frasch-producing properties, all in or 
off the coast of Louisiana, attained record output, but overall sales de- 
creased from 2.2 million tons in 1960 to 2.1 million. This production 
made the company the leading producer of the year. Facilities for 
storage or transshipment of liquid sulfur by independent terminal 
companies were completed at Joliet, III.; Wellsville, Ohio; Tampa, 
Fla.; Everett, Mass.; and Bucksport, Maine. Receiving facilities also 
were completed at Warners, NJ . and Savannah, Ga. Freeport had 
facilities for storing 60,000 tons of liquid sulfur at its principal ship- 
ping point, Port Sulphur, La. The Joliet terminal stocked about 
150,000 tons of solid. sulfur.’ 

exas Gulf Sulphur Co. produced about 2,450,000 tons of sulfur, an 
increase of 115,000 tons over the output in 1960, mostly Frasch process 
material. Some recovered sulfur was produced in a company-owned 
plant at Worland, Wyo. In 1960 one-fifth of this company’s sulfur 
was SECH igh) in the molten state. Because of cost advantages in han- 
dling and storage, the company maintained storage facilities for liquid 


* Duval Sulphur & Potash Co. Annual Report, 1961. 
5 Freeport Sulphur Co. Annual Report, 1961. Pp. 4-6 
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TABLE 3.—Sulfur produced and shipped from Frasch mines in the United States 


Produced (long tons) Shipped 
Year 
Approxi- 
Texas Louisiana Total Long tons | mate value 
(thousands) 
1952-56 (average)....------------ 3, 691, 313 , 933, 885 , 625, 198 1, 769 $141, 501 
1957 4 j 


sulfur at Cincinnati, Ohio; Carteret, N.J.; Norfolk, Va.; Tampa 
and Jacksonville, Fla.; and Savannah, Ga. Additional liquid sulfur 
storage terminals were under construction at Marseilles, Ill., and Bal- 
timore, Md. In January, the S.S. Marine Sulphur Queen, & 15,000- 
ton tanker and the largest ocean-going vessel used exclusively for 
transporting molten sulfur, was placed in service. During 1961 the 
vessel carried 434,000 tons of liquid sulfur from Beaumont, Tex., to 
Tampa, Fla., and East Coast terminals.* 


TABLE 4.—Sulfur ore (10-70 percent 8) produced and shipped in the 
United States 


151, 932 
181, 422 


1 California, Nevada (except 1954), Utah, and Wyoming (1952 only). 


The Long Point, Tex., plant of Jefferson Lake Sulphur Co., pro- 
duced 230,000 tons of sulfur in 1961. Operations at the Trans-Jeff 
plant, Tilden, Tex., and the Peace River plant in British Columbia 
recovered 57,473 tons.’ 


RECOVERED SULFUR 


Production of recovered sulfur from sour-natural and refinery gases 
increased to 856,000 long tons, about 12 percent higher than the 1960 
output. Included in the total was production from four new plants. 
In 1961, 59 sulfur-recovery plants were operated by 43 companies 
in Arkansas, California, Delaware, Illinois, Indians, Eu Iich- 
igan, Minnesota, Mississippi, Montana, New Jersey, New Mexico, 

orth Dakota, Ohio, Oklahoma, Pennsylvania, Texas, Virginia, and 
Wyoming. Texas, California, and Delaware produced the largest ton- 
nage of recovered sulfur, furnishing 58 percent of the total output. 
The largest sulfur-recovery plant produced less than 100,000 long 
tons, and only a few plants produced more than 50,000 tons. 


"Texas Gulf Sulphur Co. Annual Report, 1961, Pp. 6-7. 
7 Jefferson Lake Sulphur Co. Annual Report, 1901. P. 6. 
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Atlantic Refining Co. awarded a contract to Pona Engineers to con- 
struct a 30-ton-per-day, $250,000 sulfur-recovery plant at Atlantic’s 
Port Arthur, Tex., refinery. The plant will use hydrogen sulfide 
waste produced at the refinery. 

Shell Oil Co., New York, awarded Brown & Root, Inc., Houston, 
the construction contract for a gas-processing and sulfur-recovery 

lant. The plant, in Bryans Mill gasfield in Cass County, Tex., was 

esigned to process 30 million cubic feet of gas per day. The rated 
capacity was 5,700 barrels of condensate, 130 long tons of sulfur, and 
18 million cubic feet of residue gas. 


PYRITES 


Production of pyrites (ores and concentrates) totaled 987,000 tons, 
3 percent less than in 1960. 
he quantity of pyrites sold or consumed by producing companies 
totaled 990,697 tons. Of this amount, 117,957 tons, having a sulfur 
content of 56,870 tons and valued at $815,537, was sold; and 872,740 
tons, having a sulfur content of 344,529 tons and valued at 9664, 396, 
was consumed. 


0 
1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 


FIGURE 2.—Domestic production and imports of pyrites 1910-61. 


Tennessee was the leading pyrite-producing State, followed by Cali- 
fornia, Virginia, Colorado, Arizona, Pennsylvania, and South Caro- 
lina. Tennessee Copper Co. recovered a pyrite flotation concentrate 
in Polk County, Tenn., as a coproduct of copper. The concentrate was 
roasted, and the recovered gas was used in manufacturing sulfuric 
acid and liquid sulfur dioxide. General Chemical Division, Allied 
Chemical Corp., produced a substantial quantity of pyrites at the Gos- 
son mine in Carroll County, Va. Bethlehem Steel Co. recovered 

yrites from its Cornwall and Grace mines in Lebanon and Berks 
unties, Pa. 
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TABLE 5.—Pyrites (ores and concentrates) produced in the United States 


189. ; 
Se 9,087 || 1960................|1, 
f ENT . 1961................| 987,309 


In California, Mountain Copper Co., Ltd., produced pyrites at the 
Hornet mine in Shasta County. In Colorado, pyrites was recovered 
by Rico Argentine Mining Co. at the Mountain Springs min 
Dolores County; by Climax Molybdenum Co. in Lake County; an 
by S. N. N. Mining Co., Inc., in Custer County. Other pyrites pro- 
ducers were: Commercialores, Inc., York County, S.C.; and Ray 
Mines Division, Kennecott Copper Corp. and Magma Copper Co., 
Pinal County, Ariz. 


BYPRODUCT SULFURIC ACID 


Copper and zinc plants in the United States produced 1,139,000 
tons (100 percent m of byproduct sulfuric acid, compared with 
1,184,000 tons in 1960. Output decreased 4 percent in 1961 and, except 
for 1959, wasthe lowest since 1955. 

Copper plants recorded a 12-percent decrease whereas production 
at zinc plants rose ei The acid reported was produced only 
from the sulfur content of the sulfide ores. 


TABLE 6.—Byproduct sulfuric acid (basis, 100 percent) produced at copper, zinc, 
and lead plants in the United States 


(Short tons) 
Plants 1952-56 1957 1958 
(average) 
Copper 1...................... 284, 215 482, 181 495, 576 282, 461 
Zino A e oe RE E 700, 849 855, 357 738, 385 803, 578 


— —— | 9 | fr  ———— — — áá — vv 


c 985, 064 | 1,337,538 | 1,233,961 | 1,086,039 | 1, 183, 717 


3 Includes acid from foreign materials. 

2 Includes acid produced at a lead smelter. Excludes acid made from pyrite concentrates in Arizona, 
Montana, Tennessee, and Utah. 

§ Excludes acid made from native sulfur. 


OTHER BYPRODUCT-SULFUR COMPOUNDS 


Interest in manufacturing sulfur dioxide increased during the year. 
Three firms either completed or announced expansions, and two pro- 
ducers announced construction of new facilities. Capacity for the 
production of liquid sulfur dioxide was estimated to total 98,000 to 
107,000 long tons.* 

A new sulfur dioxide unit was placed on stream by Tennessee Cop- 
per Co. in July at Copperhill, Tenn. The new unit doubled the com- 
pany's previous capacity, increasing output to 90 tons per day. The 


“Sulfur Institute News. V. 1, No. 10, November 1961, p. 1. 
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rapid expansion of the paper industry in the Southeast created an 
increased demand for greater capacity, since more than half of the 
Tennessee Copper sales were for 00d pulp and paper products.? 

Dixon Chemical Industries, Inc., announced plans to construct a 
10,000-ton-per-year liquid sulfur dioxide facility at Newark, N. J. 
The plant, estimated to cost $660,000, was scheduled for completion b 
March 1962. Its capacity will represent 12.5 percent of the US. 
sulfur dioxide capacity, according to company spokesmen.'^ 


CONSUMPTION AND USES 


U.S. consumption of sulfur in all forms decreased for the second 
successive year and was 5,435,500 long tons, 7 percent below the 
5,863,500 long tons used in 1960. 

Apparent consumption of all forms of sulfur in the free world was 
an estimated 18.1 million long tons, a 2-percent increase over the 17.8 
million long tons reported for 1960.!! 

Consumption of nonelemental sulfur increased at a slightly higher 
rate than that of elemental sulfur and was 48 percent of the total 
sulfur used. Of the nonelemental sulfur consumed, 6 million tons 
was contained in pyrites and 2.7 million tons was in other forms. 

Consumption of elemental sulfur increased 123,000 tons or 1 per- 
cent during the year. Frasch sulfur, long the dominant source, 
relinquished 5 percent of its market to a rapidly expanding recovered- 
sulfur industry. Contributing to this loss was the increased competi- 
tion from the recovered-sulfur industries in France, Canada, and the 
United States, and from the sales of Russian and Polish sulfur in 
Western European areas. Competition from Lacq, France, was par- 
ticularly notable, as output from this one source increased from 
778,000 tons in 1960 to about 1.1 million tons in 1961. Sales of Rus- 
sian and Polish sulfur increased sharply from 50,000 tons in 1960 to 
about 200,000 tons in 1961. Canadian sulfur was sold mainly in the 
United States and Canada, as less than 20,000 tons was exported to 
overseas markets in 1961. 


STOCKS 


On December 31, 1961, producer stocks of Frasch sulfur totaled 
4,691,000 long tons, 28 percent above the 3,668,000 tons on hand 
December 31, 1960. Of this quantity, 4,070,000 tons was at the mines; 
300,000 went to storage at new liquid sulfur terminals; and 621,000 
tons was alas Se of recovered sulfur in the hands of pro- 
ducers totaled 122,000 tons at yearend, compared with 109,000 tons at 
the end of 1960. Data on pyrite stocks were not available, 

The major marketing development during the year was the change 
to the delivery of molten sulfur. More than 60 consuming plants 
were reported to have been converted to the use of liquid in 1961, and 
others were being converted. Frasch sulfur was delivered to con- 
sumers by truck and railroad cars from 11 producer-controlled ter- 


*Oil, Paint and Drug Reporter. Tennessee Copper Doubling 80, Capacity. V. 179, 
No. 23, June 6, 1961., pp. 3, 58. 

10 Oil, Paint and Drug Reporter. Sulfur Dioxide Facility an “Opening Gun” for Dixon. 
V. 179, No. 15, Apr. 10, 1961, p. 3. 

2 Guisti, Gino P. Sulphur. Min. Cong. J., v. 48, No. 2, February 1962, pp. 127-129. 
Carrington, J. C. Sulphur. Eng. Min. 3., v. 163, No. 2, February 1962, p. 128, 130. 
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TABLE 7.—Production of new sulfuric acid’ (100 percent H,80,) by geographic 
divisions and States 


(Short tons) 


Division and State 1957 1958 1959 1960 1961 
New EnglandSSz . 183, 092 174. 531 195, 614 192, 664 | 179, 341 
Middle Atlantic: E 
Pennsylvania... Ll ll... 705, 929 647, 972 764, 239 754,7 270.72 
New York and New Jersey............ 1,541,278 | 1,458,124 | 1,673,150 | 1,681, 302 1, 652, N 
// A 2,337,207 | 2,106,096 | 2,437,389 | 2,436,005 2, 423, 140 
Nortb central: 

A TN: 1,241,474 | 1,219,517 | 1,368,644 | 1,355, 647 1, 399, 349 
Indi8UB.. occ eas ee ee ok ec 403, 151 468, 993 479, 064 485, 297 450, 372 
Michigan. 241, 587 298, 946 334, 609 324. 318 307,979 
rr ĩðùz 8 713, 201 607. 791 767, 089 742, 287 684, 312 
Other ͥ ˙ ·màààA d my 8 697, 879 849, 807 715, 137 781, 045 

Total AA A vee 3,293,126 | 3,799,213 | 3,622, 686 3, 629, 058 

South: 
A AA ect 243, 899 309, 516 312, 996 242, Du 
FF! ow 1,830,104 | 2,036,707 | 2, 272,039 2, 518, 215 
Re a 8 302, 195 345, 552 337, 140 345, 775 
North Carolina........................ 119, 613 149, 774 131, 221 133,115 
South Carolina. 133, 748 152, 241 142, 652 140, 492 
lll EE 469, 182 504, 223 460, 098 448, S39 
Kentucky and Tennessee.............. 893, 530 | 1,014,735 997, 379 1,024, 717 
RK EE 1,600,683 | 1,674,284 | 1,593, 303 1, 555, 30; 
Delaware and Mareland. 1,081,210 | 1,153,071 1,119, 452 1,077, 644 
n, . 653, 573 640, 180 595, 232 59s, 531 
/// EN wrʒ 8 496, 206 541, 565 584, 181 605, 031 


———M | ces EN TA 


———— 88 5, DÉI & 730, 606 


o | | SE a E 


AAA 4 9 9 99 U ND U D es — 2 


3 Includes information for Government-owned and privately operated plants. 
2 Includes data for plants located in Maine, Rhode Island, and Massachusetts. 
3 Includes data for plants located in Iowa (1961), Minnesota, Missouri, Wisconsin, and Kansas. 
ok ladies data for plants located in Arizona, California, West Virginia, Mississippi, Arkansas, and 
ahoma. 
5 Includes data for pat located in Colorado, Idaho, Montana, Nevada, New Mexico, Utah, Washing- 
ton, Wyoming, and Hawall. (Data for Hawaii are not included lor 1959.) 


Source: U.8. Department of Commerce. 


TABLE 8.—Apparent consumption of native sulfur in the United States 
(Long tons) 


1952-56 1957 1958 1959 1960 1961 
(average) 


Apparent sales to consumers 12. 5,442,875 | 5,090,660 | 4,663,625 | 5,225,245 | 5,129,300 | 4,399, 454 


Imports 50, 832 499, 401 590, 687 642. 458 | 160725 | "éis 91U 
Total... 5, 493, 707 | 5,590,061 | 5,254,312 | 5,867,733 3. 736, 535 | 5,045, 364 
Exports: Maa a ADO ac CM. SOM EMG 
Crude 1,458,590 | 1,578,359 | 1,577,919 | 1,612,158 1, 775, 526 | 1, 5&5, 531 
Reflned..................... 30, 508 14, 020 24, 207 23, 449 11:017 10. 512 
Total eren oo. 1, 519,098 | 1,592,979 | 1,602,126 | 1,635,607 | 1,754,543 | 1. 596,043 
Apparent consumption 3, 974, 609 | 3,997,082 3, 652, 186 | 4, 232, 126 | 3 3, 949, 942 | 3,452,321 


1 Production adjusted for net change in stocks during the year. 

2 Includes native sulfur from mines that do not use the Frasch process. A small quantity was consumed 
before 1954; however, this tonnage was not Included in these figures, 

3 Revised figure. 
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TABLE 9.—Apparent consumption of sulfur in all forms in the United States“ 


(Long tons) 
1952-56 1957 1988 1959 1960 1961 
(average) 
Native sulfur. .................. 8,974,000 | 3,997, 100 | 3,652, 200 | 4,232,100 | 2 3, 980, 000 | 3, 452, 300 
Recovered sulfur 

)))) A 338, 600 472,700 | 590,800 700, 100 900 
Imports. S (3) (3) @) ) 2 134, 100 182, 600 
Z a a a 
a estic producti 408, 880 436, 000 403, 400 900 416, 200 398, 500 

omestic production 
Imports. mi %% cess 142, 720 109, 100 164, 300 184, 400 146, 000 184, 900 
Total pyrites. ............ 551, 000 005, 100 507, 700 571, 300 562, 200 533, 400 
Smelter-acid | production........ 287, 440 390, 400 859, 700 316, 000 345, 100 332, 000 
Other production , 560 88, 400 92, 400 88, 000 95, 400 106, 300 
Grand total............... 5,232, 800 | 5,553, 700 | 5,262, 800 | 5,917, 100 | 2 5, 862, 000 | 5, 435, 500 

1 Crude sulfur or sulfur content. 


3 Revised figure. 

2 Data included with imports in table 8. Not se tely available before 1960. 

* Hydrogen sulfide and liquid sulfur dioxide. addition, a quantity of acid sludge is converted to 
H3804 but is excluded from the above figures. 


TABLE 10.—Molten sulfur terminals in operation in 1961 


Number Total Number Total 
Producer-controlled of storage Customer-controlled of storage 
terminals storage capacity terminals storage capacity 
tanks (thousand tanks (thousand 
long tons) long tons) 
Texas Gulf Sulphur Co.: American Cynamid Co.: 
Jeng, Pic e doo ce zo 1 7.5 Savannah, Ga. l 10. 0 
Carteret, N.J.!..........- 2 26. 0 | Warners, N. J. III.. 2 12. 0 
Cincinnati, Ohio 3 16.8 || E. I. du Pont de Nemours 
NA 2 20. 8 & Co., Inc.: 
Jacksonville, Fla.!....... 1 11.0 LaPorte, Tex. . 1 5.0 
Savannah, Ga.!........-- 1 11,0 Wurtland, Ky.!........ 1 8.0 
— — — Carney's Point, N. J. I. 2 10.0 
| PRA 10 93. 1 Grasselli, N. J. I. 2 10. 0 
=== |==== Thompson's Pt., N J.!. 2 10. 0 
— Sulphur Co.: | Richmond, Va... 2 10. 0 
jucksport, Me. I. 2 20.0 || Costal Chemical Co.: Pas- 
Wellsville, Ohio 1........ 2 20. 0 cagoula, Miss. ........... | 1 3.0 
ZUR. HL eruca adiac 3 30.0 || Monsanto Chemical Co.: | 
Winni. 4 40. 0 E. Bt. Louis, III. | 1 8.0 
Everett, Mass. II. ] 10.0 El Dorado, Ark........ 1 5.0 
———— |——— National Lead Co. | 
CC 12 120.0 Sayreville, NI. 1 10.0 
Pan American Sulphur Co.: St. Louis, Mo l | 13.5 
Tampa, Fla. ll. 2 20.0 || Olin Mathieson: Houston, | 
2 | 1 1 2.9 
Grand total. 24 233. 1 Reichhold Chemicals: Tus- | 
caloosa, Ala 1 3.0 
Consolidated Chemical Di- 
vision of Stauffer Chemi- 
| cal Co.: | | 
Houston, Tex. ......... | l 3.0 
| LeMoyne, Ala......... | 1 11.0 
LS Phosphoric Products | 
| Division of Tennessee 
| Corp.: E. Tampa, Fla.... 2 20. 6 
| o eau | 24 155. 0 
| Total producer and 
| customer terminals. An 388. 1 


1 Began operating in 1961. 
Source: Mining Congress Journal, v. 48, No. 2, February 1962, p. 129. 
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minals installed on inland waterways and along the East Coast. 
More than 70 percent of all domestic shipments in 1962 were expected 
to be in liquid form.” 


PRICES 


Posted prices of Frasch sulfur in the United States remained 
unchanged at $25 per long ton f.o.b. Gulf ports for bright sulfur, with 
a discount of $1 per ton for offcolor material. The average price 
received for sulfur marketed in 1961 was substantially unchanged 
from 1960, indicating a halt in the downward trend since 1954. Actual 
sulfur prices were strengthened in 1961, even though a weak condition 
persisted, owing to the anticipated large increase in production over 
consumption during the next few years. Price increases were repo 
on the East Coast of the United States as well as in overseas markets. 
Prices in Northwestern United States remained unchanged. 

Prices for European pyrites remained unchanged during the year. 
Spanish crude fines pyrite, Rio Tinto was US$8.40 and Tharsis $8.54 
per ton, 48 percent sulfur, f.o.b. Values for residues were reported to 
have remained firm both on the continent and in the United Kingdom. 
Quotations indicated $10.50 per ton for cupreous residues and $9.80 
per ton for noncupreous residues free Ruhr.“ 


FOREIGN TRADE '* 


Imports.—Sulfur imports rose 12 percent to a new record of 831,000 
long tons. Included in this total was 649,000 tons of sulfur from 
Mexico and 182,000 tons of sulfur from Canada. Recovered sulfur 
from Canada was marketed chiefly in the Northwest, and Frasch 
sulfur from Mexico went principally to East Coast markets. Com- 


TABLE 11.—U.8. imports for consumption and exports of sulfur 


Crushed, ground, 
refined, sublimed 
flowers 


Data known to be not comparable with other years. 
2 Revised figure. 


Source: Bureau of the Census. 


13 Carrington, J. C. Sulphur. Eng. and Min. J., v. 163, No. 2, February 1962, pp. 328, 


í 90 Chemical Trade Journal and Chemical Engineer (London). V. 149, No. 8871, Aug. 11, 

16 FE res on imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
rion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Com- 
merce, Bureau of the Census. 
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pared with 1960 figures, imports of Mexican Frasch sulfur increased 
5 percent, 625,000 tons; imports of recovered sulfur from Canada 
increased 58 percent to 112,000 tons. Imports of Canadian pyrites 
were 282,000 tons, down 9 percent from the 305,000 tons imported in 
1960. A Federal court decision upholding railway freight-rate reduc- 
tions for sulfur shipped from Western Canada to the Chicago area 
was expected to result in increased imports of Canadian recovered 
sulfur. Canadian producers were planning to capture a significant 
part of the Chicago market. 

Exports.—Exports of sulfur by U.S. producers declined to 1.6 mil- 
lion tons from the record 1.8 million tons of 1960. This decline in 
exports was attributed to a slower rate of industrial growth in over- 
seas markets and to increased competition from recovered sulfur, 

articularly that recovered from sour natural gas at Lacq, France. 
Sales of Polish and Russian sulfur contributed to the decline in U.S. 
exports by absorbing an increased part of the overseas market. 


TABLE 12.—U.S. exports of sulfur, by countries 


Crushed, ground, refined, sublimed, 
and flowers 


Destination 


Value 
tons (thou- Pounds | (thou- 
sands) sands) 


Value 


North America: 


Canada $7, 028 5, 464, 045 $291 | 2,055, 169 $200 
Central America 110 624, 428 24 694, 306 30 
o ⁰ ˙¹˙iꝛꝛ̃ A PA IA 280, 940 36 418, 412 58 
West Indies 220, 152 13 127, 146 4 
Total.....---------- 6, 589, 565 364 | 3, 206, 033 292 
South America: 
Argentina 131. 500 23 202, 300 44 
Ball AP 8 rr A IFTE, SR E 
Brazil... 8 499, 100 104 540, 065 110 
l! ⅛ Äͤͤ ( WE xau sess lee on Sere 39, 250 10 42, 200 11 
Send AA AA oe 127, 527 15 205, S05 22 
IN A EE EE 54, 510 2 71, 548 3 
Paraguay 87, 800 ¡A PES 
y AAA 335, 221 17 198, 061 17 
Uruguay............. 227, 257 7 72. 922 
Venezuela............ 874, 626 60 | 5,051, 417 113 
Total. 2. 376, 791 244 | 6,387, 916 325 
Europe: 
Austrias , 000 165] 9,500] 21 ꝗ ꝗ ↄ ꝗ ò ꝗ PA 
Belgium-Luxem- 
urg 79,814 | 1,857 | 43, 500 969 24,000) Innen 
Czechoslovakia....---} 185,000] 390 | 21,000 Allee ll eee |. --.-..- 
INEA AA f + | 23,600 |] / A 8 
Frans esas 25, 000 2 
Germany, West yd, 621, 375 104 
CCE]. ß ERSTES Gaz? 21, 704 1 
Netherlands.......... 8. 718 (1) 
OWN. yx 160, 000 
PB) A GE, PA 10, 000 () 
Spill / ¼—ͥãüdü E ; 58, 150 12 
Sweden , 12,7 () 
Switzerland.......... es 120, 600 
United Kingdom 314, 274 145, 600 Mi rigare 8 
ii AA A y tede d es 21, 670 1 43, 720 4 
Other 15, 830 377 19, 637 452 21, 796 1 4,977 (1) 
Total 753, 417 | 17,548 | 650,115 14. 081 1, 836, 466 262 | 1,089, 984 149 


— J | ee. —ä—6— | U—A— 
o PP, A ——85—5—r—ð᷑ẽt.ſm . - ñFV——ñ ᷣ n—1Ä5E!.h⁰kññ!ñ.ẽ3 ᷑2 x; ᷑ —8—rÜe.ü .. 


See footnotes at end of table. 
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TABLE 12.—U.8. exports of sulfur, by countries—Continued 


Crude Crushed, ground, refined, sublimed, 
and flowers 
Destination 1960 1961 
Valu Value 
Pounds | (thou- | Pounds | (thou- 
sands sands) 
Asia: 
Ceylon............... 30, 338 $1 | 1, 552, 220 $28 

e EE 4, 806, 901 161 | 4, 222, 542 144 
Indonesia 296, 950 13 279, 600 15 
|G gs | EE 29, 270 2 151, 541 12 
Sa! 180, 705 19 283, 326 17 
E EE Norte O AA WEE SEN 190, 000 36 183, 883 28 
h.. ð A c. €! ^o E EENEG eee ce 752, 576 15 
Korea, Republic of... 3, 559, 884 75 | 1,318, 449 29 

neon 141, 515 5 175, 061 6 
Malaya, Federation 

)))! EIA oct 26, 070 1 707, 422 20 
Paklst an 455. 609 10 226, 619 6 
Philippines........... 823, 927 30 738, 840 36 
Saudi Arabla.........| 1,1813] 40] 2709]  J 744 1, 135, 850 19 
Talwan...............] 12,397 |  289| 984 29|............|...-....|]---.-......|].......- 
Other................ 37, 070 3 106, 332 3 

e 10, 583, 242 356 |11, 804, 261 378 

Africa: 
Congo, Republic of 

the, and Ruanda- 

i aes ß ee E , AA 
Morocco.............. 2, 400 (i) 3, 000 1 
Mozambique AA RC AA BE 274,40 | 6 
Union of South Africa.| 58,000 | 1,298 | 46,163 | 952 2,164,975 | ` 106 | 517,977. | 67 
United Arab Repub- 

lic (Egypt) 51, 120 1 19, 140 3 
Other „ WEE 

Pon! 2, 725, 690 118 540, 117 71 

Oceania: 
Australía............. 222, 989 37 70, 900 15 
New Zealand......... 343, 075 32 357, 783 24 
Total... c. 566, 064 69 428, 683 30 
Grand total 4A, 677, 824 1, 413 |23, 546, 994 1, 254 


3 Less than $1,000. 
Effective July 1, 1960; formerly Belgian Congo. 


Source: Bureau of the Census. 


Major exports went to Canada, 302,000 tons; United Kingdom 
286,000 tons; Australia, 141,000 tons; and Brazil, 133,000 tons. All 
sales of U.S. sulfur outside the North American continent were 
handled by the Sulphur Export Corp., jointly owned by four major 
Frasch sulfur producers. 


WORLD REVIEW 


World production of sulfur in all forms reached a new record of 
19.6 million long tons, 7 percent higher than the 18.4 million tons 
produced in 1960. Output of recovered sulfur (produced from sour 
natural and refinery gases) made greater gains during 1961 than 
sulfur from any other source. Canada, France, and the United States 
contributed to this increase. Worldwide Frasch production increased 
5 percent. Production of Frasch sulfur declined: 9 percent in Mexico 
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TABLE 13.—U.8. imports for consumption of pyrites, containing more than 25 
percent sulfur, by customs districts 


(Long tons) 
Customs district 1952-56 1957 1958 1969 1960 1961 
(average) 

Buffalo. Eet 1113, 553 1 40, 842 296, 002 230, 606 2 244, 103 249, 230 

o A ³ ² A AA IA 8 
Connecticut.................. PIS EEN 8 777 VE 
Michigan. 9, 959 20, 744 16, 768 13, 182 11, 870 12, 583 
Montana and Idan: Zieser A ĩ A ] 4 37 14 
New York...........--....... „ /// ³ A VE DEEG 
Pittsburgh 289 JJ“... A 
E kk 8 10 A . secees 
St. Lawren ee 5.794 AA 13,373 14, 610 21-948 cs 
Vermont.. tt. 7, 706 8, 766 16, 523 21, 948 19, 725 
Washington 2 18 A AAA sean 88 
Total: Long tons 1137, 354 1 70, 632 343, 060 280, 638 3 306, 216 281, 604 
Value 1 $567, 409 | 1 $408, 342 $1, 193, 973 $868, 495 81, 075, 271 $741, 942 


1 In addition to data shown, estimated amounts were imported through the Buffalo customs district : 
1954: 232,920 long tons ($627,620); 1956: 292,520 long tons ($865,020); 1957: 282,400 long tons ($889,100); 1955: 
Buffalo customs district: 277,020 long tons ($706,840) and 840 long tons ($4,900) through the Michigan 
customs district. 

2 1956 only. 

3 Revised figure. 


Source: Bureau of the Census. 


and increased 9 percent in the United States. Output of non- 
elemental sulfur increased mainly in the form of smelter gases and 
pyrite. 

NORTH AMERICA 


Canada.—Production of sulfur in all forms, measured by shipments, 
totaled 893,151 long tons in 1960, 100,026 tons more than the 793,125 
long tons produced in 1959. Of this total, 389,597 tons was sulfur 
contained in pyrites; 258,590 tons was the sulfur equivalent of smelter 
gases; and 244,964 tons was elemental sulfur recovered from natural 
de and from treating nickel sulfide matte at Port Colborne, 

ntario.5 A preliminary estimate for 1961 indicated that production 
in all forms measured by shipments in 1961 was 822,633 long tons. 
Of this total, 190,937 tons was sulfur contained in pyrites; 277,868 
tons of sulfur contained in smelter gases; and 353,828 tons elemental 
sulfur recovered from natural gas and nickel sulfide matte.“ 

The recovered-sulfur industry of Canada was discussed." In 
Western Canada at the close of 1961, 15 sulfur-recovery plants were 
operating, 13 in Alberta and 1 each in Saskatchewan and British 

olumbia. Five of the plants were new, all in Alberta. The new 
plants were British American Oil Co, Ltd. Homeglen-Rimbey; 
Petrogas Processing, Ltd., East Calgary; Jefferson Lake Petro- 
chemical of Canada, Ltd., Coleman ; Western Lease Holds, Ltd., Wild- 
cat Hills; and Home Oil Company, Ltd., Carstairs. The largest new 
ones were the Petrogas Processing plant at East Calgary and the new 
plant at Savannah Creek operated by Jefferson Lake. Annual pro- 


as Bartley, C. M. Sulphur. Canadian Mineral Industry 1960 (Preliminary). Canada 

pept Mines and Tech. XR Ottawa, July 1961, 17 pp. 
ominion Bureau of Statistics. Preliminary Estimate of Canada's Mineral Production. 

Catalog No. 26-202, Jan. 2, 1002, 4 pp. 

168 Canadian Mining and Metallurgical Bulletin. Canada’s Mineral Industry in 1961. 
No. 597, January 1962. pp. 1, 2. 

17 Woodrooffe, H. M. Industrial Minerals, Sulfur. Canadian Min. J., v. 88, No. 2, 
February 1962, pp. 115-116. 
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TABLE 14.—World production of elemental sulfur by countries 
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(Long tons) 
Country 1957 1958 1959 1960 1961 
Native sulfur: 
Frasch: 
IOI AAA 990,118 | 1,201,483 | 1, 293, 181 1, 261, 574 1, 148, 494 
United States. 6,401,212 | 4,463,243 | 4,553,634 | 4, 942, 935 5, 385, 468 
TOU EE 6. 481,330 | 5,844,726 | 5,846,815 | 6, 204, 509 6, 533, 962 
From sulfur ores: 
„ ] œͥ Tm 28. 788 31. 545 25, 207 39. 285 325, 00 
Bolivia (export 2-2 ee T T 1,175 4, wë 
Canary Islands: 2, 900 2, 900 2. 900 3, 900 3,40 
AA AA 18, 492 24,015 21,678 30, 900 39, 35S 
¡A MENA ³˙-¹A ⁵ ⁵ asea 50, 000 70, 000 100, 000 120, 000 120, 100 
Sine o o 5,905 6, 693 8, 824 8, 899 9, 941 
A ⁵ d AAN ß E PO 
Italy: 
Crudo: iia e 175, 982 154, 137 119, 272 79, 703 68, 668 
CITOHIO Ll. eene e 19, 901 18, 619 69. 437 34, 687 17, o 
PAAR EE 253, 548 178, 042 215, 669 243, 684 238, 562 
% K 17, 797 35, 416 117, 700 117, 700 25. 116 
r douces 3 1, 300 ES LAN EE 43 158 
PFF EE, A 9, 200 10, 500 25, 000 130, 220 
SFF! AAA 3, 356 3, 055 2, 851 1, 336 31,500 
CCC 9. 433 6. 178 5, 533 4. 797 5.472 
7 ͤ bbb 12. 593 12, 622 13, 174 16. 830 15. 506 
7 ewe saa R 300, 000 400, 000 600, 000 800, 000 900, 100 
United Arab Republic (Egypt). 7,127 6,013 3 6. 000 36, 000 
United States 87,313 2, 334 86,182 94, 357 92, 025 
"Total? ads 990, 000 960,000 | 1,305,000 | 1,530,000 1, 700, 000 
Total native sulfur.............. 7,470,000 | 6,810,000 | 7,150,000 | 7, 730, 000 8, 240, 000 
Other elemental: 
Recovered: 
A Te BEEN 18, 275 21, 062 21, 416 23, 221 3 24, 000 
a o ͤ((TTTTTTTT . nde 2, 591 2, 800 4, 000 5, 000 3 5, 000 
Canada (shipments) 2222 95, 962 166, 121 263, 192 244, 964 353, «$28 
Ghia ee£ee ces ere 80, 000 100, 000 100, 000 120, 000 120, 000 
tree IM AA ewes 27,528 126, 542 419, 273 778, 018 1, 088, 000 
Germany 
Ps a as 100, 190 104, 679 106, 153 100, 130 3 100, 000 
Mett dee te da 76, 569 75, 566 78, 474 82, 807 3 82, 00 
Itn APA 16, 665 12, 800 3 19, 000 3 19, 000 3 19, ( 
Italy DEEN 2, 000 4,000 4,000 3, 200 3, 200 
lll! ous hr 5, 486 7, 889 7, 829 8, 326 8,163 
r o Ma deae 41, 612 27. 611 46. 231 46. 839 52, 849 
Netherlands . 14. 400 20. 800 30, 700 30. 500 330,00 
Netherlands Antilles: Aruba 3..... 30, 000 30, 000 30, 000 30, 000 30, 000 
Norway ) 95. 149 89. 126 77,111 71,254 61.156 
AAA A 16,675 17, 373 15, R88 10, 915 8. 813 
ai oo luu. eeu qued cag 80, 200 25, 251 25. 719 40, 194 3 40, 000 
Sweden oo. 2 ccc eee 33, 310 33, 465 37, 576 38, 000 3 38, 000 
SEA IK RE, A DE 810 875 1, 958 
Trinidad sesso. v eroe uec 5, 000 5, 000 5, 000 5, 000 5, 000 
U nion r ðᷣdͥ AE epe wid | scura ra eds 2.163 
C1170. ͤ AA (10) (19) (19) 50, 000 100, 000 
United Arab Republic (Egypt)... 3,445 3 3,000 2, 403 17, 716 44, 692 
United Kinrdom.................. 30,142 49. 561 53, 173 62, 402 362 m0 
United Stau 510, 511 640, 096 686, 407 766, 506 855. 959 
Total other elemental............ 1,270,000 | 1,560,000 | 2,010,000 | 2, 560, 000 3, 140, 000 
World total (estimate | 8, 740,009 | 8, 370, 000 | 9, 190, 000 | 10,290,000 | 11,390, 000 


1 This table incorporates some revisions, 
2 Data do not add exactly to totals shown because of rounding where estimated figures are included in 


the detail. 
§ Estimate, 


4 In some vears Iran produces mine sulfur equivalent to 250-1,500 tons of sulfur, No estimate in total. 


5 From sulfide ores, 


t Produced from natural gas, includes a sinall quantity derived from treating nickel-sulfide matte at 


Port Colborne, Ontario, 
? From natural gas. 
* From refinery gases, 
* From shale oil, 
10 Negligible. 


Compiled by Helen L. Hunt, Division of Foreign Activities, 
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duction capacity of the newly installed plants totaled 576,000 long 
tons. The capacity was mostly in Alberta where 13 plants having a 
production capacity of 1,097,681 long tons were operating. Of the 
remainder, 2,188 tons was in Saskatchewan, and 102,679 tons in 
British Columbia. Major new additions to Canadian recovered sulfur 
capacity scheduled for completion in 1962 were the new 484,000-ton- 
per-year plant being built by Shell Oil Co. at Pincher Creek, Alberta, 
and a 559,000-ton-per-year plant under construction in the Windfall 
area of Alberta by Pan American Petroleum Corp. The Shell plant 
will use natural gas containing 22 percent H,S, and the feed to the 
Pan American plant will contain from 15 to 20 percent H:S. When 
these plants are constructed, the production capacity from sour gas 
in Canada will be 2,246,302 long tons per year. 


TABLE 16.—Sulfur recovery plants in Western Canada, 1961 


Company 


-| Pincher Creek, Alberta 


British American OU Company, Ltd 674 235, 715 

Eege EE Nevis, Albert 99 34. 

77 ³˙ A ees Homeglen-Rimbey, Alberta 250 87. 0 
Canadian Oil Companies, Ltd - Innisfail, Alberta 98 33. «29 
Home Oil Co., Ltd Carstairs, Alberta 60 20, 83 
Imperial Oil, Ltd dub arce Re Redwater, Alberta 9 3, 125 
Jefferson Lake Petrochemicals of | Coleman, Alberta 375 131, 222 

Canada, Ltd. 

//) Taylor Flats, British Columbia... 5 102. 679 
Petrogas Processing, Ltd............. Calgary, Alberta 7 300, Q1 
Royalite Oil Company, Ltd.......... Turner Valley, Alberta............ 10, 26 
Shell Oil Company of Canada, Ltd. Jumping Pound, Alberta 33. a2 
Standard Oil of California and others.] Nevis, Albert. 40,179 
Steelman Gas, Ltd................... Steelman, Saskatchewan 2, 183 
Texas Gulf Sulphur Co. and others ] Okotoks, Alberta 129, 455 
Western Lease Holds, Ltd........... Wildcat 1Iills, Albert 36, 607 


Source: Canadian Min. J., v. 83, No. 2, p. 116. 


Output in Alberta came from sulfur-recovery plants in Calgary, 
Carstairs, Homeglen-Rimbey, Innisfail, Jumping Pound, Nevis, Oko- 
toks, Pincher Creek, Redwater, and Turner Valley. The remainder 
was produced at sulfur-recovery plants in Siskatchewan and British 
Columbia, at oil refineries in Quebec, and at nickel refineries in On- 
tario. Of 434,396 long tons produced in Alberta in 1961, 302,748 tons 
was delivered, 129,881 tons was stocked, and 1,767 tons was lost.!5 

The recovery plant at Taylor Flats, British Columbia, produced 
53,977 long tons of sulfur, of which 33,678 tons was sold. The inven- 
ory on December 31, 1961, was 87,323 tons.“ 

he first full bulk cargo (10,000 tons) of elemental sulfur pro- 
duced from Canadian sour gases was exported from Vancouver, 
British Columbia, during October. The cargo, destined for Taiwan, 
was expected to be the forerunner of many similar cargoes.” Exports 
of sulfur from Canada increased from 127,715 long tons in 1960 to an 


18 Oil and Gas Conservation Board. Alberta Oil and Gas Industry Monthly Report. 
December 1961, p. 92. 
19 Department of Mines and Petroleum Resources. British Columbia Monthly Oil and 
Gas Report. December 1901, p. 22. 
3501.2 Moda Trade Journal and Chemical Engineer (London). V. 149, No. 3885, Nov. 17, 
P. . 
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estimated 195,000 tons in 1961. Most of the elemental sulfur and over 
80 percent of the pyrites were exported to the United States. The 
total value of sulfur and pyrites exported from Canada totaled 
US$3,971,166. 

Imports of sulfur totaled 293,541 long tons, valued at US$6,547,036. 
Of (his total, the United States supplied 293,521 tons valued at 
$6,545,063. 

The competitive position of the Canadian recovered sulfur industry 
was strengthened during 1961 by the reduction in freight rates from 
Calgary, Alberta, to Chicago, from $0.8900/cwt. to $0.5750/cwt., 
equivalent to US$12.88 per long ton. The new rate, effective in 
August, was contested by Freeport Sulphur Co. on grounds that the 
Interstate Commerce Commission proceedings had been illegal. How- 
ever, the rate was upheld by a three-judge federal court on December 
22 


Rail rates on the movement of Canadian sulfur from Calgary, 
Alberta, to Vancouver, British Columbia, were reduced 22.2 percent, 
from $0.45/cwt. to $0.35/cwt. earlier in the year, making Canadian 
sulfur competitive in certain foreign markets with sulfur from other 
areas. Rail charges for transporting sulfur 647 miles from the gas- 
fields of Alberta to Vancouver, totaled $7.84 per long ton. 

Jefferson Lake Petrochemical of Canada Ltd., joined with Mobil 
Oil of Canada, Ltd., and 26 other oil and gas companies owning re- 
serves in the Calgary, Alberta gasfield to form Petrogas Processing, 
Ltd. Jefferson Lake Petrochemical and Mobil Oil of Canada eac 
were reported to own 31.35 percent of Petrogas. The new company 
was building a $13 million gas-treating and sulfur-recovery plant, 
capable of treating 150 million cubic feet of natural gas daily and 
producing 875 long tons of elemental sulfur, 107 million cubic feet of 
pipeline gas, and 2,200 barrels of stablized condensate. The plant was 
to be operated by Jefferson Lake Petrochemical. 

The Alberta Oil and Gas Conservation Board approved plans by 
Shell Oil Co. of Canada, Ltd., to construct a gas-processing d sulfur- 
recovery plant in the Waterton Pincher Creek area of southwestern 
Alberta. Estimated cost of the facility, to be built 15 miles south of 
Pincher Creek and 11 miles west of the British American Oil Co. gas- 
processing and sulfur-recovery plant, was reported to be $20 million. 
Construction was expected to be completed by the end of 1961.2 

Costa Rica.—Costa Rica reduced import duties more than 50 percent 
on refined sulfur effective September 20, 1961.” 

Mexico.—Production of sulfur in all forms in Mexico totaled 
1,224,000 long tons, 8 percent below the 1,326,000 tons produced in 
1960. Of the 1961 total, 1,156,000 tons (95 percent) was produced at 
three Frasch mines, 18,000 tons (1 percent) from volcanic sulfur, and 
51,000 tons (4 percent) from oil refineries. The lessened production 
of sulfur in 1961 may have resulted from the closing in February of 
Nopalapa Dome, which did not report production for the year. 

Stocks in the hands of producers on December 31, 1961, totaled 
639,000 tons, 34 percent less than the 971,000 tons on hand December 
31, 1960. Of the sulfur on hand, 630,000 tons was Frasch sulfur; 


2 Sulfur Institute News. V. 1, No. 3, April 1961, p. 3. 
2 Foreign Commerce Weekly. Costa Rica Cuts Imports Duty on Sulfur and Copper 
Tubing. V. 66, No. 16, Oct. 16, 1961, p. 25. 
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6,000 tons was recovered sulfur; 3,000 tons was sulfur from volcanic 
sources, 

Exports of sulfur from Mexico totaled 1,130,000 long tons, about 8 
percent less than the 1,234,000 tons reported for 1960. Over half of 
the exports, 649,000 tons, went to the United States. 


TABLE 17.—Mexico: Exports of sulfur (Frasch) by countries 


(Long tons) 
Destination 1960 1961 Destination 1960 1961 

North America: Europe—Continued 
Canada. So w 8 2,905 Sweden .............-..- 1,968 |.......... 
Fr 4,348 |.......... United Kingdom 89, 034 102, 356 
Neun EE 3,133 || Asia: 

United States. - 719,032 649, 207 i 26. 699 39. 497 

South America: Indonesia 3. 000 700 
Brazil EE 3, 880 ee aie E AR ĩᷣͤ K 8 19, 344 14, 644 
POR ⁵“-˙u x ue Dar 793 lo asc sus Africa: 

Europe: do AMAS s cec eo 25.157 
Beletunix o ccc eos 52.019 53, 320 Union of South Africa.... 66, 581 62, 075 
RI MS 96.055 24,525 || Oceania: 

Germany, West 25, 193 23,165 Australia 62, 046 61, 325 
Jö ³ ee ew oe 4, 665 New Zealand 45, 905 44,059 
'A! eee Soa bee 58,404 |... —————|—————— 
Netherlands.............. 11,789 13,7 Total AAA 1, 233, 695 | 1,129, 524 


Source: Compiled from Customs Returns of Mexico and U.S. Embassv, Mexico, D.F., Mexico, State 
Department Dispatch 896: Jan. 25, 1962, p. 2, by Bertha M. Duggan, Division of Foreign Activities. 


SOUTH AMERICA 


Brazil—Industria Brasileira de Enxofre began manufacturing 
flowers of sulfur at its plant at Capuava near Sao Paulo. This was 
the first output of byproduct sulfur in Brazil. 

Peru.—Cia Minera Regato S.A. and Industrial Azufre Peruana S.A. 
announced plans to open a sulfur mine and mill near Piura, to supply 
all of Peru's?* sulfur requirements. The first shipments were expected 
to be made early in 1962, 


EUROPE 


Belgium.—Construction of a 60-ton-per-day sulfur recovery plant 
was planned at the Antwerp refinery of Société Industrielle des 
Petrolés as part of a US530.8 million expansion program. The pro- 
gram would require about 2 years to complete.“ 

Germany, East.— Production of 40,000 tons of elemental sulfur from 
crude oil at VEB Erdölverarbeit ungswerk Schwedt an der Oder 
(Schwedt Oil Refinery) was expected by the end of 1963.26 

Germany, West.—The principal pyrites producer in West Germany, 
Sachtleben A. G. was building a new plant to produce 300,000 tons of 
new sulfuric acid annually from pyrites. The bulk of the acid was 
to be used by Ruhrstickstoff A. G. in manufacturing ammonium 
sulfate. The new plant was to replace a number of obsolete sulfuric 
acid plants that were supplying Ruhrstickstoff.*7 


BUS., Consulate, So Paulo, Brazil. State Department Dispatch 862, Apr. 4, 1961. 
2 Mining Journal (London), v. 257, No. 6584, Oct. 27, 1961, p. 427. 
25 Chemical Engineering. International, Belgium. V. 68. No. 6, Mar. 20, 1961, p. 198. 
28 Sulphur (London). Current Events, East Germany, Sulphur Recovery at Schwedt. 
No. 37, December 1961, p. 40. 
Chemical Trade Journal and Chemical Engineer (London). The Pyrites Trade. 
V. 149, No. 3871, Aug. 11, 1981, p. 318. 
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Gelsenkirchener Bergwerks A. G. was the leading producer of 
recovered sulfur in West Germany, processing 17,677 tons, of which 
31 percent was derived from H;S extracted at coke ovens and 49 per- 
cent from oil refinery gases. In addition the company delivered to 
Ruhr Gas A. G. 7,200 tons of sulfur in spent oxide; by catalytic con- 
version of H,S it produced 35,035 tons of sulfuric acid. Of this out- 
put, 75 percent came from HS in coke oven gas; 25 percent, from 
H:S recovered from oil refinery gas.“ 

Greece.—Over 85 percent of the 12,000 to 13,000 long tons of sulfur 
imported a year was used to control powdery mildew in vineyards. 
In December 1960 the Greek Government GEN the application 
of Sulphur S.A., subsidiary of Continental Ore Corp., New York, 
to invest US$700,000 for constructing a 40,000-ton-per-year sulphur- 
graining plant at Soussaki, 73 miles from Athens. It was reported 
that Sulphur Hellas, the subsidiary of Sulphur S.A., operating in 
Greece, would operate the plant which was expected to satisfy local 
requirements and provide 25,000 tons annually for export. Imported 
sulfur would be used; however, the company planned to explore the 
possibility of developing sulfur deposits on the island of Melos and 
near the plant site at Soussaki. The Greek Government also approved 
the investment of US$850,000 for another plant, which would be inte- 
pne with the phosphate fertilizer plant planned by Freeport Sul- 
phur Co.?“ 

Italy.—Montecatini Mining and Smelting Co. began constructing a 
new pyrite-roasting plant scheduled for completion by June 1962 at 
Casone, near Follonica in Grosseto Province, Italy. Initially the 
plant was to produce 170,000 long tons of iron ore (pyrite cinder) 
annually and 350,000 tons of sulfuric acid as coproducts. About 150 
persons were to beemployed at the new plant. 

Aerial conveyors will carry the pyrite ore from the Niccioleta mine 
at Massa Marittima (Grosseto) to the plant at the rate of 1,300 tons 
daily. The ore will be roasted in two furnaces to liberate sulfuric 
anhydride. Special furnaces will purify the solid iron oxide residue 
(about 65 percent iron), which will be formed into pellets for ship- 
ment to steel manufacturers. The sulphuric anhydride will be trans- 
formed into sulphuric acid in an adjoining plant. Montecatini will 
use part of the sulfuric acid produced; the remainder will be sold on 
the open market. 

Heat from the plant’s furnaces was to be used in a 90,000-kilowatt- 
capacity thermoelectric plant to generate 60 million kilowatt-hours of 
electricity annually for use in Montecatini mines in the area. 

This proposed new sulfuric acid supply would add to the problems 
facing the Italian sulfur industry, which had difficulty in disposing 
of output because of high production costs.“ In this connection, a 
special commission appointed by the Italian Government to study the 
sulfur industry in Sicily recommended the mechanization of the sulfur 
mines and the development of chemical * It also 
recommended that the number of operating mines be reduced from 
39 to 9, and that the annual output of sulfur be reduced from 1.2 
million to 630,000 tons. The mines to be kept in operation would 


33 Sulphur (London). Current Events, West Germany. No. 37, December 1961, p. 40. 
? Bureau of Mines. Mineral Trade Notes. V. 54, No. 2, February 1962, p. 50. 
20 Bureau of Mines. Mineral Trade Notes. V. 53, No. 1, July 1961, p. 35. 
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have a reserve adequate for 20 years. The commission also recom- 
mended that a large new chemical fertilizer plant needing 130,000 tons 
of Sicilian sulfur annually be constructed at the port of Gela. The 
cost of the project was estimated at US $75.2 million.“ 

Reports from Italy indicated that a special committee was being 
formed by the European Economic Community Commission (EEC) 
to develop a solution to the Italian sulfur industry’s problems. The 
committee was to be composed of 15 members: 6 from Italy, including 
1 representing the Italian Government and 1 representing Sicily, 5 
from other EEC countries, 3 experts of the EEC commission, and 
1 representative of the European Investment Bank.” 

Ente Zolfi Italiana, the Italian Sulphur Board, concluded an agree- 
ment with Snia Viscosa of Milan for installing a small refining plant 
to treat sulfur concentrate and produce refined sulfur at Licata. 
Output was expected to total about 140 tons of high Ree 
99.5 percent) molten sulfur, all of which was 9 de used by Snia 
Viscosa.™ 

Norway.—Large deposits estimated to contain 15 to 20 million tons 
of 5 pyrites were discovered in the north Trondelag district 
near Lake Limingen on the Swedish border. Surveys and prepara- 
tions for mining were being made by the State-owned Joma 
Bergverk A/S. 

The State-owned Rana Gruber A/S, prepared plans for developing 
the Dunderland pyrite deposits in northern Norway.“ 

Poland.—Production of elemental sulfur from deposits near Pia- 
seczno in the Tarnobrzeg region was estimated at 200,000 long tons 
in 1961, the first full year of production.“ By 1965 output was ex- 
pected to be 400,000 tons. When mining operations begin at Machow, 
total capacity should increase to 1 million tons. The deposits, which 
were discovered in 1953, occur on both sides of the Biala River and 
extend over an area of approximately 7,400 acres. Near Piaseczno 
the ore is shallow and may be recovered by open-pit methods, but 
at Machow the ore is deeper and of a better grade. Sulfur reserves 
in Poland were estimated at 95 to 110 million tons.“ 

United Kingdom.—R. & J. Dempster, Ltd., Manchester, received an 
order from the Eastern Gas Board for a Stretford sulfur extraction 

lant to be installed at the Norwich gasworks to treat 4 million cubic 
eet of gas a day. The Stretford process was patented by the North 
Western Gas Board and Clayton Aniline Co. *? 

Simon-Carves, Ltd., Cheadle Heath, Stockport, was awarded the 
contract to design and to construct a waste-gas disposal plant at the 
Scottish Gas Board high-pressure coal-gasification plant at Westfield 
(Fife). Catalytic oxidation of hydrogen sulfide to sulfur dioxide be- 


n Chemica! Trade Journal and Chemical Engineer (London). Sicilian Sulphur Pros- 
pects. V. 148, No. 3861, June 2, 1981, E 198. 

a Chemical Age (London). V. 86. No. 2208, Nov. 4, 1961, p. 721. 

* Sulphur (London). Current Events, Italy. No. 85, August 1961, p. 41. 

** Mining Journal (London). Mining Miscellany. V. 257, No. 6571, July 28, 1961, p. 97. 
1 Er Mining Journal (Quebec). Outside Canada, Norway. V. 82, No. 10, October 
» Mining Journal (London). Polish Sulphur Output. V. 258, No. 6603, Mar. 9, 1962. 


p. 
HOI, Paint and Drug Reporter. Poland Soon To Be Power in Sulfur Mart. V. 179, 
No. 16, Apr. 17. 1961, pp. 5. 62. 
soni oh and Coal Trades Review (London). Orders Placed. V. 182, No. 4838, Apr. 7. 
, p. 
"> Chemical Age (London). Second Stretford Process Order for Dempster. V. 85, No. 
217S, Apr. 8, 1961, p. 577. 
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fore it mixes with the flue gases was selected as the most suitable 
Process.“ 

Consumers and merchants in the United Kingdom received an in- 
creased number of offers to sell Russian pyrites. Included in the offers 
were pyrite fines containing 47 to 47.5 percent sulfur, 0.3 to 0.4 percent 
copper, and flotation pyrites containing 45.5 to 46 percent sulfur and 
0.3 to 0.4 percent copper. Both grades had under 0.05 percent 
arsenic.‘ 

ASIA 


India.— Sulfur requirements of India were supplied entirely by im- 
ports, which increased to 177,296 long tons in 1960. Crude sulfur was 
obtained principally from the United States and Mexico.“  Consump- 
tion in 1960 was 183,000 tons, about 80 percent in the manufacture 
of sulfuric acid. Consumption was expected to increase to 600,000 
tons in 1966. 

The average price of sulfur c.i.f., Indian ports, increased from 
US$31 in 1959 to US$32 a ton in 1960. 

The Pyrites & Chemicals Development Co., subsidiary of the Gov- 
ernment-owned National Industrial Development Corp., was formed 
to exploit high-grade pyrite deposits (45 percent 11 at Amjor 
in Bikar and to manufacture sul fur and sulfuric acid, using technical 
aid from a Norwegian firm. The cost of the mine and plant was 
estimated at US$14.7 million. Transportation of the pyrite ore from 
Amjor to Sindri, the proposed site of a 200- to 300-ton-per-day 
sulfur plant, was estimated at US$3 a ton. 

Owing to the installation of about 100,000 tons of additional capac- 
ity and the availability of more sulfur during the year, production of 
sulfuric acid increased to 350,000 tons in 1960 from 292,000 tons in 
1959. About one-fourth of the total sulfuric acid capacity of 475,000 
tons was idle. 

An increase in sulfuric acid capicity to 1.5 million tons by the end of 
the Third 5-Year Plan in March 1966 was proposed. A part of the 
additional capacity would use byproduct. smelter gases (zinc and cop- 

er smelters) and sulfur gases produced from pyrite from the Amjor 
eposits in Bihar. 

The annual requirements of sulfuric acid by the end of the Third 
Plan were estimated at 1,250,000 tons, about 780,000 tons of which 
would be needed for manufacturing superphosphate, ammonium phos- 
phate, and other fertilizers. About 190,000 tons would be required to 
manufacture synthetic yarns and fibers. 

Indonesia.—The sulphuric acid plant at Sepandjang, East Java, a 
nationalized Dutch enterprise formerly known as C.I.H. Mij., was the 
only producer of sulfuric acid in Indonesia. The plant produced 3 
tons of sulfuric acid daily, using raw sulfur from East Java (30 tons 
a year) and West Java (300 tons a year). 

Plans were drafted for constructing a 25-ton-per-day plant as part 
of the initial phase of the 8-Year Plan. The new plant was designed 
to use the vanadium-contact process and to operate 24 hours a day at 


“Tron and Coal Trades Review (London). Waste-Gas Disposal and Sulphur Recovery 
at Westfield. V. 183, No. 4853, July 21, 1961, p. 148. 

4 Chemical Trade Journal and Chemical Engineer (London). The Pyrites Trade. 
V. 149, No. 3871, Aug. 11, 1961, p. 318. 

2 Bureau of Mines. Mineral Trade Notes. V. 53, No. 5, November 1961, pp. 43-45. 
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98 percent capacity. The Eight-Year Plan called for increased pro- 
duction to 1,000 tons of sulfuric acid daily.“ 

Iraq.—Large deposits of sulfur were reported to have been found in 
northern Iraq by Iraq and Soviet surveyors. The Soviets worked 
under a technical and economic cooperation agreement.“ 

Jordan.—The Minister of Economy issued a license to Jordan Sul- 
phur Co. to mine sulfur near the Dead Sea. The sulfur was to be 
e locally, principally by the petroleum refinery and the match 

actory.“ 

Taiwan.— Production of sulfur continued to decline ow te 1960 be- 
cause of high production costs. Four of the eight privately owned 
plants active in 1959 suspended operations. Because supply was 
erratic and because prices for local material were high, sulfur was 
imported to meet the demand of Taiwan’s principal consumers— 
Kaohsiung Ammonium Sulfate Corp., China Artifical Fiber Corp., 
and the major paper manufacturers. 

The China Petroleum Corp. 3,000-ton-per-year sulfur recovery 
plant began operating in 1959 and produced 200 tons of sulfur durne 
the first year. In 1960 the price of refined sulfur in Taiwan average 
about US$61.88 a ton.** 

Turkey.—Production of pyrite decreased from 88,675 tons in 1959 
to 42,285 tons in 1960. T e Etibank Keciborlu mines in Isparta 
Province, the only producer of refined sulfur, increased output to 17,- 
000 long tons in 1960, compared with 13,385 tons in 1959. "The local 
market was unable to consume the increased output, and reportedly 
stocks have accumulated to about 5,000 tons. 

In 1960, 52,410 tons of unroasted pyrite (1.9 percent copper) valued 
at US$553,524 was exported from the Etibank copper-pyrite opera- 
tions at Kure to a metallurgical plant in West Germany. Exports of 
pyrite in 1959 totaled 65,809 tons. During 1960, an aerial tramway 
was completed from the mine to the port of Inebolu.“ 

United Arab Republic (Syria Region).—Plans were being made by the 
United Arab Republic’s General Petroleum Authority to include a 
28,000-ton-per-year sulfur recovery plant as part of a US$75-million 
petrolchemical complex to be built at Suez. Sulfur produced at the 

lant was to be used for captive conversion to sulfuric acid and carbon 

isulfide.* 
AFRICA 


Rhodesia and Nyasaland, Federation of.—Production of iron pyrites, 
containing about 38 percent sulfur, increased to 49,298 long tons, val- 
ued at US$220,825, in 1959. Virtually the entire output, which came 
from the Iron Duke mine north of Salisbury, Southern Rhodesia, was 
used by African Explosives & Chemical Ana es Ltd., at Msasa, 
Salisbury, in manufacturing sulfuric acid.“ 


Page 45 of work cited in footnote 42. 

* Chemical Trade Journal and Chemical Engineer (London). Sulphur Deposits in Iraq. 
V. 148, No. 3852, Mar. 31, 1961. p. 716. 

€ Bureau of Mines, Mineral Trade Notes. V. 53, No. 6, December 1961, p. 46. 

* Bureau of Mines. Mineral Trade Notes. V. 53, No. 3, September 1961, p. 43. 

* Bureau of Mines. Mineral Trade Notes, V. 54, No. 1, January 1962, pp. 42, 43. 

48 Chemical Engineering, v. 68, No. 10, May 15, 1961, p. 202. 

Bureau of Mines. Mineral Trade Notes. V. 53, No. 5, November 1961, p. 39. 
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OCEANIA 


Australia. More than 20,000 tons of sulfur reportedly was lost an- 
nually in stack gases at Kalgoorlie. Gold mines at Kalgoorlie ship- 
ped about 5,000 tons of sulfur to Fremantle. The manufacture of 
sulfuric acid at Kalgoorlie, was not economica] because of transpor- 


tation costs. 
TECHNOLOGY 


Two new micromethods for determining sulfur in organic compounds 
by gas chromatography were devised. Both methods offered speed 
of analysis, simplicity of apparatus and procedure, and the ability to 
handle extremely small samples. One is based on a reduction tech- 
nique; the other is based on oxidation. Each method reduces time 
needed for analyses from hours to 30 minutes or less. 

Laboratory-scale tests indicated the economic probability of recover- 
ing sulfur from low-grade deposits by leaching low grade ores with 
dimethyl disulfide (DMDS) which is a moderately flammable chemical 
having a boiling point of 109° C. In tests on Sicilian ores crushed to 
minus 10-mesh leaching was found to be 99 percent efficient at tem- 
peratures between 85° and 90° C. When crushing was coarse (to 
minus 14-inch) efficiency fell to 91 percent. Solvent loss per ton of 
crystallized sulfur produced was less than 20 pounds, when high- 
grade ores were treated. The octahedral crystals, produced by slowly 
cooling the pregnant solution, assayed more than 99.9 percent sulfur 
and were 90 percent plus 28-mesh.*! 

A fluor-solvent process for acid gas removal was described. Three 
steps were employed in operating the process: Natural gas containing 
hydrogen sulfide (H.S) and carbon dioxide (CO;) was passed upward 
through a conventional absorption tower, countercurrent to the flow 
of solvent. The temperature of the solvent on entering the column 
was slightly below room temperature. Solvents used included propy- 
lene carbonate, glycerol triacetate, butoxy diethylene acetate, and 
methoxy triethylene glycol acetate. The solvent absorbed carbon di- 
oxide, water vapor, hydrogen sulfide, mercaptans, and smal] quantities 
of hydrocarbons and absorbed mixture left the bottom of the column 
at an elevated temperature owing to the heat of absorption. The sat- 
urated solution was then passed to an intermediate flash drum, where 
light hydrocarbons were flashed off and returned as a recycle to the 
raw gas absorber. In the last step the semistripped solvent passed 
through a power recovery hydraulic turbine and was fed to an at- 
mospheric-pressure flash vessel. At this point, carbon dioxide, water 
vapor, hydrogen sulfide, and mercaptans were stripped from the sol- 
vent. Cooled stripped solvent was then recycled to the top of the 
absorber, the acid feed gas passed to the fluor-modified Claus sulfur- 
recovery plant, where any entrained liquids were removed by passing 
the gas through a knockout drum, and the feed gas was burned to 
produce elemental sulfur in the presence of a bauxite catalyst. 


6 Chemical & Engineering News. Two New Methods Speed Organic Sulfur Analysis. 
V. 39. No. 39. Sept. 25, 1961, pp. 44, 48. 

ge o Magazine (London). Sulphur Extraction. V. 105, No. 4, October 1961, 

p. gem — 7 D 

82 Sulphur (London). Fluor-Solvent H,S/CO, Process for Wentushall A. G. No. 85, 
August 1961, pp. 31-34. 
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A process was developed to produce sulfur dioxide from sulfur and 
sulfur trioxide for liquefaction.“ Molten sulfur was fed into a tile- 
lined reactor, containing 30 percent sulfur trioxide oleum solution 
where it reacted at 230° to 250° F to produce sulfur dioxide gas, The 
sulfur dioxide gas passed through a sulfur filter, sulfuric acid drying 
tower and demister, and then through the conventional liquefaction 
sequence. 

he preparation of sulfide minerals by biological methods was 
investigated by the Bureau of Mineral Resources, Canberra.“ 

Carbon disulfide was produced by passing hydrogen sulfide upward 
through a fluidized bed of finely divided carbon on silicon carbide 
particles maintained at temperatures of 1,200? to 1,600° C.* Carbon 
particles obtained from the fluidized-bed petroleum-coking process 
were preferred to those obtained from metallurgical or stoker coke. 
Optimum results were obtained with a 2-second contact time of the 
gas with the bed; alternating or direct current could be used, and open 
arcs were avoided. Several carbon electrodes could be arranged in 
the bed to provide even heating. 

An aerosol layer consisting mainly of sulfur particles was discov- 
ered in the atmosphere by workers at the Cambridge Research Lab- 
oratories of the U.S. Air Force.“ This layer completely envelops the 
earth with a shell 3 miles thick about 11 miles above the earth. The 
existence of this layer was first indicated by air samples collected 
during studies of fallout distribution. Detailed studies showed that 
the concentration of particles between 0.1 and 2 microns in size within 
the layer was about 16 per cubic inch—three times the number at 
adjacent levels. Electron microprobe analyses of samples showed 
that the layer was about 85 percent sulfur; silicon, iron, and aluminum 
also appear in some samples. This analysis, together with particle 
absorbency determinations and electron diffraction studies, indicated 
that the particles were ammonium sulfate. Iron and silicon content 
of some samples may have been due to temporary fluctuations in 
micrometeorite influx. The aerosol layer was thought to originate at 
its observed position from hydrogen sulfide or sulfur dioxide that 
were chemically changed by sunlight or ozone. The layer may 
explain purple light, the red disk seen above the point of sunrise or 
sunset. 

The physical conditions of sulfur usage which should be taken into 
account to avoid explosion hazards were discussed in a paper pre- 
sented at the 1961 annual conference of the New Zealand Institute of 
Chemistry, Wellington, New Zealand.“ The relationship between the 
particle size of sulfur and the effects of diluents and explosives, 
inflammability, and electrostatic discharge risks were emphasized. 
The limiting safe sulfur content is inversely proportional to the 
specific surface of sulfur in fertilizer mixtures. 


es Chemical Engineering. Plant Takes Novel Route to S8SO,—Reacts Sulfur and Sulfur 
Trioxide. V. 68, No. 9, May 1, 1961, pp. 29, 32. 

** Baas Becking, L. G. M. and D. Moore. Biogenic Sulfides. Econ. Geol., v. 56, No. 2, 
March-April 1961, pp. 259 272. 

55 Sulphur (London). Shawinigan's CS; Process. No. 35, August 1961, p. 18. 

„ & EIU ring 1 V. e No. 17. Apr. 24, 1981, E 59. 

"ertlliser and Feeding Stuffs Journal (London). Sulphur Top-Dressing. . 99, No. T. 

Oct. 4, 1961, p. 209. i á a yee a 


Talc, Soapstone, and Pyrophyllite 


By Harold J. Drake’ and Betty Ann Brett? 


4e 


ORLD PRODUCTION of talc, soapstone, and pyrophyllite in 
W 1961 increased 5 percent from the 1960 level. Domestic mine 
production of talc and soapstone decreased 1 percent, and sales 
increased 1 percent. Production of pyrophyllite increased 26 percent, 
and sales declined 2 percent. Domestic mine production and sales for 
the three commodities combined increased 4 and 1 percent, respectively. 


TABLE 1.—Salient talc, soapstone, and pyrophyllite statistics 
(Thousand short tons and thousand dollars) 


1952-56 


(average) 
United States: 
Mine production.......... 663 684 718 734 761 
Value 2 $4, 098 $4, 796 $4,718 $5, 378 $5, 267 
Bold by producers. ....... 651 692 604 722 726 
Value... cc edens $13, 123 $14, 411 $14, 206 $16, 073 $15, 266 
Imports for consumption. 24 20 23 24 
LII DEM $771 $701 185 $849 $1, 054 
Exports 3................. 30 40 59 60 48 
Vnlie.. e $871 $1, 265 $1, 451 $1, 893 $1, 505 
World: Production 1, 500 4 2, 220 42, 270 42,150 2, 890 


1 Partly estimated. 

2 Average for 1953-56. 

3 Excludes powders—talcum (in package), face, and compact. 
4 Revised figure. 


DOMESTIC PRODUCTION 


New York, California, and North Carolina—in that order—were 
the leading producers of talc, soapstone, and pyrophyllite in 1961. 
New York, California, and Texas produced the most tale and soap- 
stone, and North Carolina, California, and Pennsylvania produced 
all the pyrophyllite. Talc and soapstone were produced in 13 States 
at 74 mines, and pyrophyllite was produced in 3 States at 13 mines. 

The first in-plant system in the tile industry for fine grinding of 
crude pyrophyllite was described.? It included a crude-ore storage 
building, a grinding plant, and a pneumatic conveying unit to trans- 
port the ground material to the manufacturing area. 


1 Commodity specialist, Division of Minerals. 
3 Statistical clerk, Division of Minerals. 
3 Ceramic Age. American Olean Installs In-Plant Pyrophyllite Processing System. V. 77, 
No. 11, November 1961, pp. 23-24, 26. 
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TABLE 2.—Crude talc, soapstone, and pyrophyllite produced in the United States, 


by States 
1960 1961 
State 
Short tons | Value! Short tons Value! 

(thousands) (thousands) 
Le TT WEE 130, 539 $1, 396 161, 068 $1, 524 

COT A EE 40, 200 88 47, 950 
Maryland and Virginia........................ c ll... 32, 789 95 28, 548 72 
... panda ¶ã¶ã iE c 4, 882 30 3, 090 33 
North CRAFOLlIH8 . asas 100, 593 549 90, 711 367 
Eeer 67, 031 336 78, 214 378 
Win 2. 400 12 2, 927 23 
Other States EG 356, 033 2, 872 348, 810 2, 774 
Geteste 734, 473 5,378 761, 318 5, 267 


1 Partly estimated. 
2 Includes Alabama, Arkansas, Montana, New York, Pennsylvania, and Vermont. 


TABLE 3.—Talc, soapstone, and pyrophyllite sold by producers in the United 
States, by classes 


Crude Sawed and manufactured 
Year Value at shipping point Value at shipping point 
r ͤ Ke 
tons 
Total Average Total Average 
per ton per tua 
1952-56 (average).................. $237, 128 $8. 14 1, 057 $358, R28 £339. 48 
1! 8 330, 131 5. 75 1.212 519, 664 4 77 
õöÜ E cates 349, 471 5.70 801 400, 453 4% A 
AC EE 349, 484 §. 39 710 416, 144 5^ 12 
;;; ³»Wüꝛ ⁰ʒ 240, 077 5. 40 RAN 410, 194 475. 97 
1961_.....------------------+------ 344, 660 5.25 605 407, 000 555. 61 
Ground ! Total 
Value at shipping point Value at shipping point 
Short Short EN 
tons tons 
Total Average Total Average 
per ton per ton 
1952-56 (average).................. 621.059 | $12, 526, 628 $20.17 | 651,240 | $13, 122, 584 $20.15 
18977777 0: 1-4: . 91022822. 633, 330 13, 561, 497 21. 41 691, 924 14, 411. 2072 20. S3 
19999. 631, 804 13, 455, 050 21. 30 693, 892 14, 205, 574 20 47 
I 999%é —— 716,837 16, 302, 657 22.74 782, 403 17, 068, 285 21.2 
joi 0 —————— 676, 344 15, 423, 193 22. 80 721, 681 16, 073, 464 22 27 
Ir. 659, 168 14, 514, 296 22. 02 725, 508 15, 265, 956 21.04 


1 Includes some crushed materíal. 


CONSUMPTION AND USES 


In 1961, 78 percent of the talc and soapstone consumed went to manu- 
facturers of ceramics, paint, roofing material, insecticides, rubber, and 
paper. The three major consuming industries—ceramics, paint, and 
roofing—used 62 percent of the total, and the ceramic industry, the 
largest user, consumed 35 percent. Most of the pyrophyllite was used 
for insecticides (28 percent) and for ceramics (23 percent). 
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TABLE 4.—-Pyrophyllite* produced and sold by producers in the United States 


Sales 
Ground Total 


Short Value Short Value 
tons tons 


2 126,094 | $1,721,841 | 136,272 | $1,783, 929 
135, 368 161, 782 2. 053, 538 
122, 419 ; 143,151 2, 022, 321 
123, 236 154, 851 2, 122, 487 
122, 508 132, 357 1, 849, 656 
115,163 | 1,712,502 | 129,707 1,795,516 


1 Includes sericite schist, 1953-61. 
3 Includes a small quantity of sawed material for 1955 only. 


TABLE 5.—Talc, soapstone, and pyrophyllite sold or used by producers in the 
United States, by uses 


(Short tons) 


Talc and soapstone Pyrophyllite 
Use 
1960 1961 1960 1961 

, . 18. 822 (1) (1) (1) 
l usce nei E 206, 843 209, 492 36, 525 30, 368 
Crayons: EE 654 J ͥ 8 
Foundry aeinnsæ es 6, 264 /// AAN 
A A ee 47,554 46, 581 33, 831 36, 445 
FCC A y d RAE 108. 407 110, 225 844 274 
JC·öĩÄ—dU .. 26, 302 rr / E 
Plaster us prr ³ SS GE 6, 658 6, 279 
Rice polishiHg. v 2, 231 r E 
e A A §1, 599 50,251. lieve diets a eal bad aioe RS cs 
Bub, EE 27, 828 24, 806 7, 319 7, 136 
KENE 9, 351 TiO: AAA ͤ TA 

Toilet preparation 10, 237 10, 463 |............ l 
Eet A 3 73, 232 2110, 348 3 47,180 49. 205 
if 589, 324 595, 861 132. 357 129, 707 


1 Figure included with “Other” to avoid disclosing individual company confidential data. 

3 Includes adhesive, composition floor and wall tile, exports, instrument wire and cable, joint cement, 
refractories, stucco, vault manufacturing, and miscellaneous products. 

3 Includes uses indicated by footnote 1 and battery, joint cement, refractories, and related products. 


STOCKS 


According to the Office of Emergency Planning, Government stock- 
piles contained 1,200 short tons of block and lump steatite talc, all in 
the national (strategic) stockpile. This was 900 short tons above the 
maximum stockpile objective. Some of this material was offered for 
sale on a competitive basis by the General Services Administration. 


PRICES 


Talc price quotations in trade journals remained unchanged 
throughout 1961. Quotations in the journals indicate the range in 
prion; actual prices are negotiated between buyer and seller and are 

ased on a wide range of specifications. 
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TABLE 6.—Prices quoted on ground talc, in bags, carlots, in 1961 


(Per short ton) 
Grade 1961 
Domestic, f.o.b. works: 
Ordinary: 
CH OT g nt EE $34. 00-$39 50 
o ARA AE EE A 
Fibrous (New York): 
F ˙¹à ·²¹www ⁵ↄ 28. 00 
325-mesh 
O05 DOeFeOnE oe Ee Eet Ee 31.00 
99.95 percent, micronized. LL LLL LL c LL LLL LLL Leere „„ 38 Qu 
Imported (Canadian) 10. d. mne. ⅛ ò ée 20. 00- 35. 00 


Source: Oil, Paint and Drug Reporter. 


TABLE 7.—Prices quoted on talo, carlots, f.o.b. works, in 1961 


(Per short ton) 
Grade! 1961 
Georgia: 98 percent minus 200-mesh: 
Gray, packed in paper bass ia $10. 50-£11. 00 
White, packed in paper bapg. z SS 12. 50- 15 00 
New Jersey: Mineral pulp, ground, bags extra. kee 10. 50- 12 50 
Vermont: 
100 percent through 200-mesh, extra white, bulk basis )· / . 12. 50 
ge bide percent through 200-mesh, medium white, bulk basis 4422-2: 11. 50- 12 50 
nia: 
DT A A A Ee ee 10. 00- 12 00 
%%% Ü”⸗w ũ ⅛ ¼FͤFK A EE 12 00- 14. 00 
RTE & 50 


1 Containers included unless otherwise specified. 
3 Packed in paper bags, $1.75 per ton extra. 


Source: E&MJ Metal and Mineral Markets. 


FOREIGN TRADE‘ 


Imports.—Imports, principally from Italy (73 percent) and France 
(17 percent), increased in quantity (14 Ge re in value (24 
reent), The amount of material entering the United States from 
taly increased 13 percent, and that from France increased 34 percent. 
Exports.—Exports of crude and ground material declined 19 percent 
although the value of the 5 only 4 percent. 


WORLD REVIEW 


World production increased 5 percent as Japan, Republic of Korea, 
and Italy recorded substantial increases. 

Canada.—In 1960 production of talc and soapstone declined 14 per- 
cent, and production of KE increased 40 percent. Imports 
continued to increase, while exports declined. An increasing local 
demand for higher grade material was met by imports. 


* Figures on imports and exports SN by Mae B. Price and Elsie D Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 

5 Reeves, J. E. Talc, Soapstone, and Pyrophyllite. Dept. of Mines and Tech. Surveys 
(Canada), Rev. 55, May 1961, 6 pp. 
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TABLE 8.—U.S. imports for consumption of talc, steatite or soapstone, and 
French chalk, by classes and countries 


Ground, washed, 


Crude and un- | powdered, or pul- Cut and sawed | Total unmanu- 
ground verized, except toilet factured 
Year preparations 


1952-56 (average) 1 $713, 281 
1957 1 622, 472 
1958 ‘ 737, 584 
1959 807, 816 


25, 532 
75, 890 
17, 452 
693, 211 


327,231 | 21,011, 775 37, 527 


1 Data known to be not comparable with other years. 
2 Data adjusted by Bureau of Mines to exclude less than 1 ton ($930) of ground, washed, powdered or pul- 
verized, valued not over $14 per ton, from Hong Kong. 


Source: Bureau of the Census, 


TABLE 9.—U.8. exports of talc, pyrophyllite, and talcum powders 


Talc, steatite, soapstone, and pyrophyllite Powders— 
talcum (in 
packages), 

Year Crude and ground Manufacturers, n.e.c. face an 
compact 
(value 
Short tons Value Short tons Value thousands) 
(thousands) (thousands) 
1952-56 (average) $105 $1, 247 
17 88 1 


Source: Bureau of the Census. 
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TABLE 10.—World production of talo, soapstone, and pyrophyllite, by countries 


(Short tons) 
Country ! 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 
Canada (shipments)...... 27, 413 34, 725 35, 405 39, 176 41, 636 48, 095 
United States 663, 237 684, 453 718, 165 791, 558 734, 473 761, 318 
Tol a 690, 650 719, 178 753, 570 830, 734 776, 109 809, 413 
South America: 
Argentina 29. 819 26, 239 30, 060 29, 938 3 30, 000 3 30, 000 
Bra... eei 25,020 23, 023 31, 442 23, 369 21, 956 3 22, 000 
Paraguay 190 3110 3110 3110 3110 3110 
Perü ica cacon casas 1, 603 2, 689 2,073 1, 694 1,732 3, 246 
Uruguay...............-.. 1, 145 1, 566 1, 990 2, 335 3, 297 1, 857 
Total. cs ence ue 57,677 53, 627 65, 675 57, 446 3 57, 100 3 57, 200 
Europe: 
Austria 66, 305 80, 915 78, 074 56, 475 90, 695 93, 639 
Flülindlll- mx 6, 460 10, 092 6, 522 8, 261 11,008 6, 967 
Fans ta 126, 647 145, 482 185, 643 193, 528 193, 032 196, 983 
Germany, West (market- 

AGG 35, 585 32, 854 3 33, 000 3 33, 000 35, 274 35, 274 
Greece... ....-.- lll... 1, 423 2, 205 1, 962 327 3 2, 200 3 2,200 
Italy AA AS 98, 134 110, 591 120, 704 120, 436 137, 117 146, 584 
NOT WAY zesccrcaconacins 78,001 117, 965 107, 828 93, 783 3 100, 000 3 100, 000 
a A. JJ! EE 750 3 660 
SPA octanos E 23, 977 35, 091 33, 360 30, 661 30, 853 3 30, 000 
Sweden 12, 474 13, 918 14, 581 15, 873 17, 527 317, 600 
R? A ume (5) (5 220, 462 3 275, 000 3 300, 000 3 330, 000 
United Kingdom 4, 333 4, 256 4, 645 6, 365 7, 244 3 7,000 
Yugoslavia. .............. AA A ⅛ð ER 

DG! 565, 000 720, 000 810, 000 835, 000 925, 000 970, 000 

Asia: 
Afghanistan 892 1770 3770 3770 3770 31770 
CC See goes (8) (3) (5) (*) (8) 3165, 000 
Ill.... 40. 651 49, 253 50, 906 71. 082 102, 947 102, 370 
BEN e EE 311, 335 464, 109 377, 994 535, 140 652, 053 3 690, 000 
Korea, Republic of........ 18, 144 12, 434 17, 581 19, 272 24, 889 50, 330 
Nn rccte 4, 894 5, 938 3, 677 7,079 11, 637 13, 685 
Totali A 460, 000 705, 000 615, 000 800, 000 960, 000 1, 020, 000 
Africa 
KON VA i. goose dc secs sede. 7 ³˙W¹¹mAAm ³¹ VA DEE 
Swaziländ s. GGG 22 157 1, 008 1,714 2. 955 
Union of South Africa 6, 812 2,314 765 1, 412 1,979 3, 279 
United Arab Republic 
Ell!!! 4, 997 6. 031 7, 253 6, 708 6, 614 6, 565 
Total eer 10, 918 8, 367 8,175 9, 128 10, 307 12, 799 
Oceania: Australla 12, 680 16, 575 17, 539 18, 729 18, 112 15, 690 


— H pn E EH EN 
Ferd tb Ee Eege KE [LÁ —— 


World total (estimate)!2.| 1,800,000 | 2,220,000 | 2,270,000 | 2,550,000 | 2,750,000 | 2, 890,000 


1 Tale or pyrophyllite is reported in Rumania, but data are not available; estimates are included in total. 

2 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Estimate. 

* Average annual production 1953-58. 

3 Data not available; estimate by senior author of chapter included in total. 

$ Average annual production 1955-56. 


Compiled by Liela 8. Price, Division of Foreign Activities, 
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TABLE 11.—Austria, France, and Italy: Exports of talc and soapstone, by 


countries 
(Short tons) 
Exporting countries 
Destination Austria France 
1960 1961 1960 1961 
Belelur ͤͥͤ ĩð ⁵ð- A ⁵⁰ tae eea es 4, 801 4,137 
Belgium-Luxembourg. ................... 4, 022 3, 965 5,159 5, 466 
A bus seme ͤ K 319 244 225 
a 1.4. 2.2.2 9-992 eebe ge 1,515 „hr AA 
A IA 455 | Bc PA E A AA 
Ke A A 8 22, 214 21, 149 8, 881 10, 144 
A MAA oi Ewa rior 2, 382 EE E ⁰ A 
Italy eege 765 4, 276 402 557 
Morocco: Southern Zone. ........--....--|----------|---------- 1, 268 1,032 
Netherlands 1. 438 1. 358 1, 388 1. 381 
IG es cueeecseee JJJ7 ⁰⁰⁰ é 
e ß e owed us 33, 091 26, 950 /// E redo us 
POrtugBL A A ieai Ll A 476 607 
A os A se 55 104 972 941 
Switzerland. ...............-............. 3, 148 4,211 9, 940 8, 842 (2) 
United Kingdom......................... 416 524 6,074 7. 275 11. 799 10,048 
Ji E. AMA A PA cuui p MOS 3,815 4, 348 16, 973 18, 973 
Yugoslavia __.............-.-.---.-------- 141 );ͤ A mk A 
Other countries 49 3, 082 3, 830 16, 333 18, 416 
z 69, 946 68, 764 47, 597 48, 785 55, 238 55, 306 


1 This table incorporates some revisions, 
2 Data not separately recorded. 


X Compu? from Customs Returns of Austria, France, and Italy by Corra A. Barry, Division of Foreign 


TABLE 12.—Mexico: Imports of talo, steatite, and pyrophyllite, by countries * 
(Short tons) 


Tale 
Countries of origin Steatite 2 | Pyrophyllite | Total 


—— — e — [—ñä•miʒũ——— — 


United States. 1, 260 483 17, 351 
1!l!!!!!!!;ͤ. E A 627 
Total 15 ots foe A 1, 281 483 18, 132 
United States ] 26,558 | 44347 |............ 1, 003 31, 908 
A A A A PARA EE 516 
lr O —— 286,558 , 1, 003 32, 439 
United lj. i0 AA A 18,462 | 2,619 M APA 515 21, 596 
CC ͥ ͥ ꝛdͥſͥ E sat olas O61 EE 92 653 
To [1 d 607 22, 254 
United States.... 21029 | 0M AAA 1, 487 25, 544 
eec ERO OA QUA |. caes ses’ 176 1, 274 
Total. A 21,0231 - 4151 A 1, 663 26, 837 


1 Tota include small quantities in some years of talc, steatite, and/or pyrophyllite from various other 


countri 
3 Mexico recorded no imports of steatite in 1958, 1959, and 1960. 
Compiled from Customs Returns of Mexico by Corra A. Barry, Division of Foreign Activities, 
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Korea, Republic of. —Korea produced 17,614 short tons of talc and 
7,275 short tons of pyrophyllite in 1960. Shipments to Japan, the 
principal export market, were 7,243 short tons.* 

Mexico. —Major sources of imports of talc and pyrophyllite were the 
United States and Italy. About 85 percent of the talc from the United 
States was crude ore; all the talc from Italy was ground. 

Nepal.—Two deposits of high-grade talc were discovered and one, 
the Palung mine, was producing block talc for sale in Calcutta as basic 
furnace lining. The other mine, the Kharidhunga, was not producing.’ 

Poland.—Imports of talc in 1960 amounted to 42,990 short tons. 
Austria supplied 78 percent of this tonnage, and China, 13 percent.“ 

U.S.S.R.—A large deposit of talc reportedly containing 30 million 
tons was discovered near the town of Miass in the foothills of the Ural 
Mountains.? 

Union of South Africa.—Interest in exports of ceramic raw materials 
led to the development of talc and other refractory materials. An- 
ticipated markets are in Europe.!“ The pyrophyllite industry con- 
tinued to expand as production and exports increased 46 and 28 per- 
cent, respectively. 


TABLE 13.—Union of South Africa: Salient statistics of pyrophyllite 


(wonderstone) 
1960 ! 1961 3 
Producto os ada short tons.. 699 1, 023 
Lee EE do.... 562 722 
A EE US$54, 917 US$73, 1% 
% ]⁰ð˙́ůõö—•ꝛ:iͥermr.᷑ñr;s;x“ö d dewdalsai dues short tons.. ] 265 
CH Ir EE US$9, 413 U8$23, 166 


SEH Embassy, Johannesburg, Union of South Africa. State Department Dispatch 358. May 4, 1961, 
2 U.8. Embassy, Johannesburg, Union of South Africa. State Department Dispatch 390. Mar. 14, 1962, 
. 4. 


3 CO 


TECHNOLOGY 


Increasing demand by consumers for uniformity in ground talc 
resulted in new blending methods.! The new blending technique 
involving the introduction of fluidized ground talc near the base o 
storage silos, assures continuous mixing as the silo is filled. The talc 
will be withdrawn simultaneously through several ports around the 
bottom of the silo to maintain uniformity. 

Ground talc or soapstone was combined with pulverized iron ore to 
form a granular tire ballast.;? A patent was issued for a concrete 
slurry that contains about 9 percent talc.? The talc was believed to 


ê Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, p. 57. 
7 Mining World. Nepal. V. 23. No. 4, April 1961, p. 25. 
8 State Statistical Publishing House (Warsaw). Handel Zagraniczny, Statystyka Handlu 
e (Foreign Trade, Foreign Statistical Handbook Supplement). June 1961. 


p. 499. 

9 Mining Journal (London). Mining Miscellany. V. 257, No. 6583, Oct. 20, 1961, p. 405. 

19 Mine and Quarry Engineering (London). South African Ceramic Materials, V. 27, 
No. 6, June 1961. pp. 202-293. 

11 MeClellan, Robert S. Gouverneur Tale Coin Dry Blending Method for Finely Ground 
Materials. Min. Eng., v. 13, No. 3, November 1961, PD; 272-273. 

13 Hicks, W. L. (assigned to Lead Ballast, Inc.) neumatic Tire Ballast. U.S. Pat 
3,008,508, Nov. 14, 1961. 

13 Furlan, U. Concrete Composition. U.S. Pat. 2,991,186, July 4, 1961. 
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make the concrete more resistant to breakdown upon exposure to 
temperature variations around the freezing point. A filler composition 
containing powdered talc was found to stop leakage of 01] from trans- 
formers, X-ray apparatus, and similar devices.!“ A dry fire-extin- 
guishing composition that consists of powdered potassium bicarbonate, 
ground aluminum or calcium stearate, and ground talc was developed.“ 
A method and apparatus were patented for controlling the density 
of talc particles in 4 in fluid-energy grinding operations.“ The 
addition of deflocculants, such as tannin extracts or caustic soda, in 
the fluid-energy grinding of talc and other soft minerals tended to 
keep the vapor-mineral mixture more flowable." The formation of 
silica scale on processing equipment during fluid-energy grinding of 
talc and similar minerals was prevented by introducing a magnesium 
compound.'* The magnesium combined with the silica to form in- 
soluble compounds that passed through the heating zone as solids. 


14 Manaka, K., and T. Kondo (assigned to Tokyo Shibaura Electric Co.). Japanese Pat. 
3,989, June 20, 1957. 

15 Cawood, E. E. C. (assigned to Nu-Swift Ltd.). ie Pat. 868,993, May 25, 1961. 

16 Guptil, F. E., Jr. (ussigned to Texaco, Inc.). ontinuously Measuring Slurry Den- 
sity. U.S. Pat. 3,004,544, Oct. 17, 1961. 

17 Eastman, de B., and L. P. Gaucher (assigned to Texaco Development Corp.). Canadian 
Pat. 613,099, Jan. 24, 1961. 

18 Dille, R. M., and R. W. Chapman (assigned to Texaco Development Corp.). Canadian 
Pat. 630,486, Nov. 7, 1961. 


Thorium 
By Don H. Baker, Jr., and Ethel M. Tucker? 


4e 


ORIUM application in high-temperature alloys and in nuclear 
energy continued to hold attention in 1961. Progress was shown 
in the research and development of effective thermal breeder re- 

actors as & part of the nuclear energy program for using thorium. 

Domestic mine production of thorium-containing minerals was 
negligible, amounting to less than 50 short tons of contained thorium 
oxide (ThO,). Reevaluation of the thorium-bearing deposits in the 
Idaho-Montana area indicated a reserve of about 100,000 tons of 
ThO,. Domestic consumption of thorium remained about the same 
as in 1960, with approximately 60 percent of the total used in mag- 
nesium-thorium alloys. 


LEGISLATION AND GOVERNMENT PROGRAMS 


The program for using thorium as a nuclear fuel was gaining im- 
petus as reactors were constructed to test concepts and to develop 
additional engineering data. 

Effective April 11, 1961, the U.S. Atomic Energy Commission 
(AEC) amended its licensing regulation, 10 CFR (Code of Federal 
Regulations) 40, reestablishing an exemption for rare-earth materials 
containing not more than 0.25 percent thorium and uranium. 

Procurement was begun for 4 million pounds of thorium nitrate 
for the supplemental stockpile in exchange for surplus agricultural 
commodities, under the U.S. Department of Agriculture Commodity 
Credit Corporation (CCC) barter program. Part of the thorium 
nitrate was to be produced in the United States from Union of South 
Africa raw materials, and the remainder in France from raw mate- 
rials supplied from the Malagasy Republic. 

The Office of Minerals Exploration (OME) continued to include 
thorium in the list of minerals eligible for financial assistance. No 
exploration contracts for thorium were made in 1961. 


DOMESTIC PRODUCTION 


Mine Production.—Domestic mine production was less than 50 tons 
of ThO,, a byproduct from processing southeastern U.S. beach sands. 


1 Commodity specialist, Division of Minerals. 

3 Statistical clerk, Division of Minerals. 

* Atomic Energy Commission. Major Activities in the Atomie Energy Programs. 
January-December 1961, 540 pp. 
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Increased activity in preparing properties in Montana and Idaho to 
produce thorite was 1 

The continuity of ore bodies and additional reserves was established 
by exploration and development in Idaho by Northwest Prospecting 
and Development Co., Rare Metals Corporation of America, Tech- 
manix Corp., Porter Brothers Corp., and Nuclear Fuels and Rare 
Metals Corp. Improved and new access roads to properties also were 
built. Metallurgical testing of various ores was continued. 

Late in 1961, the AEC reevaluated the thorium reserves in the 
Lemhi Pass area of Idaho and Montana. Revised figures released 
by the AEC indicated that there was 100,000 tons of ThO, in ore 
of robable commercial grade at 1961 prices. Because of favorable 
geological conditions, the quantity might be tly increased. 

ery Production.—Principal domestic refiners of thorium were 
American Potash and Chemical Corp., West Chicago, III.; W. R. 
Grace & Co., Davison Chemical Division, Pompton Plains, N.J., and 
Erwin, Tenn.; and Vitro Chemical Co., Chattanooga, Tenn. Some 
thorium was offered commercially by Davison Chemical, Erwin, 
Tenn.; Dominion Magnesium, Ltd., Toronto, Canada; Sylvania- 
Corning Nuclear Corp., Ba side, N.Y.; Westinghouse Electric Corp.. 
Lamp Division, Bloomfield, N.J.; National Research Corp., Cam- 
bridge, Mass.; Nuclear Materials and Equipment Corp., Apollo, Pa.; 
Vitro Corporation of America, Chattanooga, Tenn.; and Cerium 
Metals and Alloys Division, Ronson Metals Corp., Newark, NJ. 
Metal Hydrides, Inc., Beverly, Mass., offered for sale thorium metal 
powders and crystal bar. 

Reactor-grade (high-purity) thorium oxide was produced by Davi- 
son Chemical and American Potash and Chemical Corp. High-purity 
thorium oxide ceramic was offered by national " Beryllia Corp., 
Haskell, N.J. 


CONSUMPTION AND USES 


Nonenergy Uses.—Consumption of thorium by domestic industry de- 
creased slightly, just over 2 percent, from the high of 1960. Utiliza- 
tion of thorium in thorium-magnesium alloys remained nearly 
constant, and the use of thorium nitrate in gas-mantle manufacture 
decreased about 13 percent. These two fields of use represented about 
93 percent of the total consumption. The use of thorium compounds 
in refractories and polishing compounds increased 80 percent, but 
still represented less than 4 percent of total consumption. 


TABLE 1.—Thorium consumption for nonenergy uses 
(Pounds of contained ThOs) 


Mare ] ðͤ 139. 000 140, 800 
Qas-mantle manufacture nrw „„„ 96. 000 84. 000 
Refractories and polishing compounds: 5, 000 9, 000 
Chemical and medical product co 5, 000 5,00 
e E 2, 500 3, 000 

TOI AAA ĩͤWd ³¹¹ 247, 500 242, 300 
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The increased use of thorium in refractories resulted from using 
increasingly high temperatures in metallurgical and chemical process- 
ing. Magnesium-thorium alloys continued to be used extensively in 
missiles, satellites, and aircraft. 

The principal supplier of thorium-magnesium master alloy for mag- 
nesium-thorium alloys was Dominion Magnesium, Ltd., Toronto, 
Canada; others included Magnesium Elektron, Ltd., Davison Chem- 
ical, Rio Tinto Dow, and Vitro Chemical Co. 

The chief producer of thorium-magnesium alloys was The Dow 
Chemical Co. 

Energy Uses.—Thorium as a nuclear fuel for electrical power genera- 
tion was under study throughout the world. In the United States, 
the efforts toward using thorium were not as great as those directed 
toward development of uranium, but much of the engineering de- 
veloped for uranium will be applicable to thorium-based fuels. The 
AEC had in operation one experimental reactor, with a metallic core 
of thorium alloyed with 7.6 percent uranium enriched to about 90 
percent U***. This reactor, known as the Sodium Reactor Experiment, 
is a sodium-cooled, graphite-moderated reactor designed to operate 
at 20 megawatts (Mw) (thermal). Operation was at approximately 
25 percent of designed power. 

wo additional reactors using the thorium fuel cycle were to be 
In operation by the end of 1961. One of these was a boiling-water 
reactor at Elk River, Minn., with a rated capacity of 22 Mw (elec- 
trical), including a fossil-fuel-fired superheater. e core was a mix- 
ture of thorium and uranium oxides encapsulated in stainless steel. 
The other was the Consolidated Edison Thorium Reactor at Indian 
Point, N.Y., which also used a mixture of thorium and uranium oxides 
clad in stainless steel as the core. The rating of this plant was 275 
Mw (electrical), including a contribution of about 112 Mw (electrical) 
from a fossil-fuel-fired superheater. 

Two additional reactors using a thorium fuel cycle, making a total 
of five in service or to be built, were committed for construction in the 
United States. Under construction were the High-Temperature Gas 
Cooled Reactor, at Peach Bottom, Pa., and the Molten Salt Reactor 
at Oak Ridge, Tenn. 


PRICES 


Monazite quotations listed in E&MJ Metal and Mineral Markets 
remained steady during 1961 as follows: 


Price per 

pound, c.i.f. 

Type and grade, rare-earth oxide including thoria, percent: U.S. porte 
JJ) acu eee ee oe eS 

Sand. A A A $. 10—. 15 

Sand. s ³ Ad dro ais 18 

Sand: GS PT 20 


Prices for thorite-type minerals were on a negotiated basis between 
buyer and seller but probably ranged from $1.25 per pound of con- 
tained thoria for 10-percent concentrates to $2.25 for 20-percent 
concentrates, 
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Thorium compounds offered for sale by a leading producer, in 100- 
pound lots or more, were as follows: 


T^O;, Price 
Thorium compound: percent per pound 
Carbonate: 2523225255525 eee see b eke se oes 80-85 ?$7. 25-8.00 
Chloride- ee 50 1. 00 
Mel ³ V ⁵ 80 5. 50 
Nitrate (mantle grade) 2222222 46 3. 00 
OXld6. d o 97-99 5. 50-8. 50 
Other forms: 
Metal (nuclear grade) E EE 19. 55 
Thorium hardener (for alloying) --............-..- 20-40 12. 50-15. 00 


1 Variable, depending on rare-earth content. 
3 F.o.b. AEC, Feed Materials Production Center, Fernald, Ohio. 


The following prices per pound for nuclear-grade thorium metal 


remained in effect : 
Powder Thorium 


Pounds: or pellete ingot 
Less than 102612225 ————— n $50 $54 
hh ͥͥ⁰ EE 41 45 
hh / d 34 88 
oel“ Se er eL. 26 80 
Over 2 000s EEN 20 24 


Prices for domestic concentrates ranged from $1.75 to $2.25 per 
pound of ThO, content for 20- to 30-percent thorium concentrates. 


FOREIGN TRADE 


The United States imported 2,591 tons of monazite and other types 
of thorium ore from the Union of South Africa, Australia, the Fed- 
eration of Malaya, and Canada, and 15 tons of thorium metal from 
Canada, United Kingdom, the Netherlands, and West Germany. 
Exports of 51 tons of thorium compounds and metal, excluding special 
nuclear material, were made to 19 countries. The value of thorium- 
bearing materials exported was set at $396,000. 


WORLD REVIEW 


World requirements for thorium were met by production of mon- 
azite in Austrialia, Federation of Malaya, M: eus Republic, and 
India, and from stockpiled material in the Union of South Africa 
and the United States. Byproduct thorium from a Canadian uranium 
mill also supplied the world markets. India and Brazil retained 
embargoes on exports of thorium. 

At the end of 1961, increased activity by the world's thorium pro- 


ducers, both abroad and domestically, was noted. 
NORTH AMERICA 


Canada.—Thorium extraction from uranium-mill waste liquors by 
Rio Tinto Dow, at the Nordic plant of Rio Algom mines, was initiated 
early in 1961. 

Canadian Thorium Corp., through new financing arrangements and 
the acquisition of extensive properties in the Mattagami Lake-Joutel 
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Township district of Northwestern Quebec, planned to resume explo- 
ration and thorium activities.‘ 


EUROPE 


Germany, West.—Bayerische Berghuetten und Salzwerke A. G., the 
State-held mining Company, discovered what was reported to be the 
largest thorium deposit so far found in Europe. Located in the Bavar- 
ian mountains, near the Czech border, the deposit is deeply bedded in 
granite. The ore was reported to contain 0.28 percent of thorium and 
0.17 percent of uranium per ton.* 

Italy.—The Comitato Nazionale per "Energia Nucleare awarded the 

rime contract for a uranium-thorium fuel processing plant to Allis- 
almers Manufacturing Co. of the United States.* 


ASIA 


Malaya, Federation of.—Monazite produced as a byproduct of tin in 
Malaya supplied some of the thorium requirements in the free world. 


AFRICA 


Malagasy Republic.—Approximately 515 tons of uranothorianite 
averaging 18.9 percent uranium oxide (UsOs) and 57 percent thorium 
oxide was supplied to France by the Malagasy Republic for the pro- 
duction of thorium and uranium.’ 

Union of South Africa —The monazite mine of Anglo-American Cor- 
poration of South Africa, Ltd., near Van Rhynsdorp, a major source 
of thorium in the free world, remained closed in 1961, but indications 
were it would be reopened early in 1962. 


OCEANIA 


Australia.—Monazite recovered from processing beach-sand deposits 
of heavy minerals was exported to countries of the free world. 


TECHNOLOGY 


Russian scientists reported on the possibility of using amine salts, 
in place of ion-exchange resins, for extracting thorium from sulfate 
solutions and on the composition of the extracted compounds. Results 
showed that two molecules of amine sulfate pass into the organic 
phase with one molecule of thorium sulfate.® 

Egyptian researchers described the equipment, techniques, and 
results obtained in separating thorium and rare-earth elements 
through the direct chlorination of monazite.? Good recoveries and 
separations were indicated. 


* Northern Miner (Toronto, Canada). Plan to Reactivate Canadian Thorium. Y. 47, 
No. 25, Sept. 14, 1961, p. 3. 

5 Mining Journal (London). V. 257, No. 6574, Aug. 18, 1961, p. 167. 

6 Chemical & Engineering News. V. 39, No. 33, Aug. 14, 1961, p. 42. 

" Engineering and Mining Journal. V. 163, No. 2, February 1962, p. 93. 

8 Vdovenko, V. M., M. P. Koval'skaya, and Ye. V. Shirvinskiy. Thorium Extraction From 
Sulfate Solutions Using Octylamine. Radiokbimiya, v. 3, No. 1, 1961, pp. 3-6. 

* Hilal, O. M., and F. A. Bl Gohary. Chlorination of Monazite. Ind. and Eng. Chem., 
v. 58, No. 12, December 1961, pp. 997-998. 
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Techniques for extracting thorium from Western United States 
thorite ores,'? the radiological hazards associated with the reduction, 
melting, and fabrication of thorium metal, and the active metal re- 
duction of thorium halides * were released by Bureau scientists and 
engineers. 

e continuous preparation of thorium alloys by electrolysis, using 
fused cathode and exchange reactions in fused salts, might be possible 
on the basis of experiments.” 

Fundamental studies of the constitution of thorium alloy systems 
with the platinum-group metals indicated a new group of inter- 
metallic compounds.“ 

Effects of hydrogen on the ductility of calcium-reduced thorium in 
room-temperature tensile and impact tests were shown to be insignifi- 
cant when the hydrogen level of contamination was less than 100 

m.** 
he corrosion-resistance of uncoated and organic- or metal-coated 
thorium in humid, salt-spray, and humid-freezing conditions was 
evaluated. Results showed thorium to be fairly resistant, and when 
coated with nickel thorium showed excellent resistance.“ 

Phase diagrams, phase equilibria, and thermodynamic properties 
for several binary thorium-containing systems were reported. 

A quantitative measure of how the utilization of uranium and 
thorium is affected by recycle, by the conversion ratio of the reactor, 
and by losses outside the reactor was published by AEC. The 
AEC also reported on the advantages and disadvantages of thorium 
as a nuclear fuel.“ The advantages and disadvantages discussed were 
primarily technological, but long-range economic factors were pointed 
out. 


10 Borrowman, 8. R., and J. B. Rosenbaum. Recovery of Thorium From Ores in Colo- 
rado, Idaho, and Montana. BuMines Rept. of Inv. 5916, 1962, 35 pp. 

Borrowman, 8. R., and J. B. Rosenbaum. Recovery of Thorium From a Wyoming Ore. 
BuMines Rept. of Inv. 5917, 1962. 8 pp. 

11 Campbell, T. T., F. E. Block, R. B. Mussler, and G. B. Robidart. Preparation and 
Metallic Reduction of Rare-Earth Halides and Oxides. BuMines Rept. of Inv. 5880, 1961, 


29 pp. 
Lowery: R. R. Radiation Hazards Encountered in Arc Melting Thorium. BuMines 
Rept. of Inv. 5969. 1962, 22 pp: 

Ogawa, Yoshiki, Yoshihiro Hisamatsu, and Kazutaka Kuwamura. (The Preparation 
of Thorium Alloys by Electrolysis, Using Fused Cathode and Exchange Reaction {n Fused 
Salt). J. Inst. of Metals (London), v. 29, pt. 2, October 1981, p. 168 (in English). 

12 Thompson, J. R. Some New Intermetallic Compounds of Thorium of the Type 
Th;,Xj. ature, v. 189. No. 4760, Jan. 21, 1961, p. 217. 

* Peterson, D. T. Effect of Hydrogen on Tensile and Impact Properties of Thorium. 
Reactor Core Materials, v. 4, No. 4, November 1961, p. 5. 

15 Stephan, Elmer F., Paul D. Miller, and Frederick W. Fink. Corrosion of Thorium 
190 Under Storage Conditlons. J. Inst. of Metals (London), v. 29, pt. 2. Oetober 

, p. : 

16 McMasters, O. D., and W. L. Larsen. Phase Equilibria in the Thorium-Tantalum 
Bystem. J. Less-Common Metals, v. 3, No. 4, August 1961, pp. 313-320. 

Brown, A., and J. J. Norreys. The System Thorium-Silicon. J. Inst. of Metals, v. 89, 
No. 7, March 1961 Pp. 238-240. 

Chiotti, P., and K. J. Gill. Phase Diagram and Thermodynamic Properties of the 
Thorium-Zine System. AIME Met. Society Trans., v. 221, No. 3, June 1961, pp. 573-5«0. 

17 Kuhn, Donald W., and Ray D. Walton, Jr. Long Term Utilization of Uranium and 
Thorium. U.S. Atomic Energy Commission, Washington, D.C. TID-13901, October 1961, 


33 pp. 
18 Staebler, U. M. Address. 6th Nuclear Cong. (Rome, Italy), June 1961. 


Tin 
By John E. Shelton ! and John B. Umhau ? 


A 


ONSUMPTION of tin in the United States decreased 3 percent in 
C 1961, and tin imports declined 9 percent. However, tinplate pro- 

duction was the second largest recorded. The price rose above 
the International Tin Agreement ceilng when buffer stocks were 
exhausted, and the market became virtually free from control. 

World tin production increased, but it was lower than world con- 
sumption and stocks were drawn upon to meet demand. The U.S 
Government sold pig tin not in the national stockpile and discontinued 
procurement of tin Ee agricultural surplus barter transactions. Con- 
eo authority was requested to sell some of the tin in the national 
stockpile. 

The Second International Tin Agreement went into effect, and the 
First Agreement was terminated. The United States considered 
accession to the agreement. The flow of tin from the Republic of the 
Congo continued to be retarded by internal disorders. Nigeria 
began smelting tin and shipped metallic tin to the United States for 
the first time. Free world tin exports to the U.S.S.R. and its European 
satellites were resumed. 


TABLE 1.—Salient tin statistics 
(Long tons) 


United States: 


Production: 
III! 01:29 A. A 50 0 1) 
See 1 1 
Secondar jj 22, 810 21. 690 
Imports ſor consumption: 
Sal estes 41.149 39, 898 
Ore (tin content 5. 440 8, 917 
RIXDOPS eee ote ene eens 1, 341 800 
Consumption: 
POEMA ts 47. 998 49, 699 
Secondary. j 24, 587 28, 551 
Price: Straits tin, New York, average 
cents per pound.. 95. 09 113. 27 
World: 
Production: 
NUNEZ ; 3153, 500 188, 000 
FHC EE : 158, 400 | ? 155, 7 190, 000 


! Figures withheld to avoid disclosing individual company confidential data. 
2 Includes tin content of alloys mude directly from ores, 
3 Revised figure. 


1 Commodity specialist, Division of Minerals. 
3 Mineral specialist, Division of Minerals. 
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LEGISLATION AND GOVERNMENT PROGRAMS 


The Export Control Act of 1949, extended to June 30, 1962, gov- 
erned the destination of tin shipments. Exports were under general 
license to the free world. Regulations administered by the Office of 
Export Supply, U.S. Department of Commerce, required a license for 
export of detinned tinplate and terneplate scrap and detinned cans. 
However, exports of tinplate, and terneplate scrap, and old cans were 
exempted from licensing. 

The foreign assets control regulations of the U.S. Treasury Depart- 
ment prohibited the entry of Chinese tin. Tin of Soviet origin could 
enter the United States but required a license (none were issued) on 
the presumption that it might be of Chinese origin. Alloys that 
might include Chinese and/or Soviet tin also were prohibited. 

The Office of Minerals Exploration (OME) offered financial assist- 
ance to the extent of 50 percent of total allowable costs for explora- 
tion of eligible domestic tin deposits. 

On May 18, the U.S. Department of Agriculture, Commodity 
Credit Corporation (CCC), announced removal of tin from the list 
of materials eligible for acquisition for the Government supplemental 
stockpile through agricultural surplus barter transactions. 

The General Services Administration (GSA) gave notice in an 
announcement September 1 (published in press releases September 5 
and 8, and in the Federal Register, September 7) of the proposed 
disposition of 50,000 long tons of pig tin in excess of national stock 
pile needs, upon express approval by the Congress. The announce- 
ment also stated, It is proposed to begin making available for sale in 
small lots approximately 10,000 long tons of the total as soon as pos- 
sible." Legislation introduced September 11 (H.R. 9119) to authorize 
the disposition of the 10,000 tons and waiving the 6-month waiting 
period was referred to the Committee on Armed Services. Congress 
adjourned without approving the release. 

Administration of the production-payment provisions of the Texas 
City tin smelter sales contract was transferred to GSA when the 
Federal Facilities Corporation (FFC) was dissolved September 30, 
as provided by Public Law 87-190, approved August 30 (75 Stat. 418). 


DOMESTIC PRODUCTION 
MINE PRODUCTION 


A small tonnage of tin was recovered as a byproduct of molybdenum 
mining in Colorado. 


SMELTER PRODUCTION 


Tin smelting was continued on a small scale by Wah Chang Corp., 
Texas City, Tex. The administration of the production-payment 
provisions of the sales contract was transferred from FFC to GSA 
September 30. Under this program in fiscal year 1961, FFC received 
$143,000 (mortgages repaid, $90,000; interest on mortgages, $40,000; 
smelter production $13,000)? On June 30 and September 30, 1961, 


3 Budget of the United States Government for the Fiscal Year Ending June 30, 1963, appendix, p. 702. 
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TABLE 2.—Mine production of tin deiere in the United States, 1910-61 by 
tates 


Long tons 


Year Value 
Alaska South Other Total 
Dakota | States ! 


LI A rg ee te Ty SN RENE OTE EER oe 9.0 17.0 10.0 86.0 $23, 447 
/; EE 54.0 ) (3) 63.0 56, 635 
MOND ee 116.0 AN, A 116.0 124, 800 
Chr ³˙ ³ðÄ AAA 45. 0 1. 0 3. 0 49.0 , 699 
DONG AI 93.0 A AM 93.0 66, 560 
r ee Td m E CHE: A GEN 91.0 78, 846 
A OA 124.0 |.......... 1.0 125.0 122, 000 
Y NM E AS DN MOON DE 89.0 9.0 |.........- 98.0 135, 600 
JJ! A A RR x 61. 0 1 9 62.0 118, 500 
iD] EE ¡AE AAA PE 50.0 73, 400 
ee A IO 14.0 60]: 20.0 22, 000 
7 EE A S8 AAA (A enn 3.6 2, 400 
e 8 1-3 | IS m 1.3 912 
1023 EE FCC K 17 1, 623 
IUE. n c EEN 6.3 Y EAN E 6.3 7, 028 
LEE 123]. A AS 12.3 15, 980 
D AA K:: e MU a dos RICA 7.1 10, 400 
109]. A A V—?Ü“! 8 23.9 S M BS ES 24.0 34, 600 
[zs WEE 36. 6 1.8 3.6 42.0 47, 400 
ENEE 34.5 .2 .8 35.0 35, 600 
LEE 13.1 <2 1.7 15.0 10, 500 
| 2) x ĩ . eee 3.6 1 8.7 2, 050 
IE y MEE A A HMM EU. AAN E EAS .4 220 
o 8 EE 2.6 3 2.7 2, 400 
e ß pet DUAE 8.0 KA DEE 8.2 9, 600 
Dc EENEG 44.1 a H NOMINEE 44.5 50, 200 
po A ↄ ̃ . ... 3 101. 0 . 101.0 105, 000 
jp EE 166.0 .8 1.6 168. 4 205, 300 
1938. A y 94.0 1:0 aus aia 95.0 90, 000 
Y E A AN 33.0 .5 . 5 34. 0 38. 400 
Mee 46.0 2.0 1.0 49.0 54, 900 
LEE 46.8 1.4 8.1 56. 3 65, 600 
1049 ROA 8 2.8 1.4 2.1 6.3 7, 300 
LL A y .1 .6 5.2 5.9 6, 800 
y A q «?? è rcfP rr; E 3 (3) 5.4 6, 200 
I ͥ ee e ando AN - PA ð A 
// ͤ ͤ O EE, PARO OA OA AOS DO 
r EE e e DEE Mee 1.3 2, 200 
kt: EE 8 34.7 Cf) RN 4.7 10, 380 
TA ⁵ðͤ 51.6 AAA 416.8 68. 4 152, 210 
7 ³ĩÄWA mdr 79.5 ERA 414.6 94.1 201, 446 
11 Ad ĩ OS 68.6 |........-- 119.4 88.0 252, 920 
bv E AA A 81.9 |.........- 116.8 98.7 266, 280 
Er SEENEN . 47.0 56.0 120, 000 
177 EENG 199.3 |.......... 45.4 204.7 421, 053 
9055 EES 80.0 4 13,24 99. 24 207, 618 
(Du A A O CRM EP PES HE 
LEE RS MICI SOS EA, PEA 8 A 
! ⁰⁰⁰⁵mm emere mee st Meses up eO 
Do RHONE CUORE RERO eo NORMEN MONIO 4 50.0 50.0 60, 000 
A e , ZEN 410.0 1 12, 300 
171 ee ee on EE, A (2 4) (3 4) (36 


! Alabama, California, Colorado, Montana, Nevada, New Mexico, North Carolina, South Carolina, 
Texas, and Wyoming. 
2 Figure withheld to avoid disclosing individual company confidential data, 
: 8015 a quantity from South Dakota included with Alaska. 
0. 
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FFC held a note with a balance of $940,000 bearing interest at 4 
percent a year, obtained from the sale of the tin smelter. Payment 
of $12,989 was made on 11,597 long tons of tin produced during the 
year ending April 22, 1961. 

Originally the sales contract with Wah Chang Corp. provided for 
payment of $10 per ton on all production of tin metal in excess of 
2,000 short tons per year, up to 4,000 tons, plus an additional $2.50 
for each of the next 1,000 tons and another $2.50 (a total of $15) 
for production over 5,000 tons. Before tin production began at 
Texas City (April 23, 1958) the payment terms were reduced and 
continued at $5 per short ton on all metal produced in excess of 2,000 
short tons until April 22, 1960, when they were further reduced to 
$1 per ton for a 2 year period ending April 22, 1962.‘ 


SECONDARY TIN * 


Secondary tin production decrensed slightly from 1960. Almost 
85 percent was recovered from seven scrap items—drosses, composition 
or red brass, tinplate, bronze, railroad-car boxes, auto radiators, 
and solder. Tin from old scrap dropped for the sixth successive 
year to the lowest recorded. New scrap supplied 126 tons more 
than in 1960. The largest tonnage was recovered in bronze and 
brass; however, recovery in this category declined the most (605 
tons). Next in rank was tin reclaimed in solder, which showed the 
largest gain (305 tons). Tin in chemical compounds rose 13 percent 
to the highest since 1938. 

The quantity of tinplate scrap treated rose 2 percent and was 
exceeded only by the peak of 702,875 long tons in 1959. Lower 
recovery per ton of scrap (for the 15th consecutive year) continued 
to reflect treatment of a larger proportion of electrolytic tinplate 
carrying a thinner coating of tin. 


TABLE 3.—Secondary tin recovered from scrap processed at detinning plants in 
the United States 


1960 1961 
Tinplate scrap treated te long tons..| 684, 247 700, 628 
Tin recovered in the form of— 
10 RE do.... 2, 620 2, 520 
Compounds (tin content). gg do. 655 710 
JJ EE do.... 3, 275 3. 220 
Weight of tin compounds produced............... ee eee ee do.... 1, 295 L 439 
Average quantity of tin recovered per long ton of tinplate scrap used pounds.. 10. 72 10. 33 
Average delivered cost of tinplate scrap. -2-2-2 per long ton..| $27.55 $31. 55 


1 Tinplate clippings and old tin-coated containers have been combined to avoid disclosing individual 
eo peny confidential data. 

* Recovery from tinplate scrap treated only. In addition, detinners recovered 366 long tons (281 tons in 
1960) of tin as metal and in compounds from tin-base scrap and residues in 1961. 


4 U.8. General Accounting Office. Report to the Congress of the U.8., Audit of Federal Facilities Corp., 
General Services Administration, Fiscal Year 1961, and the Final Month Period Ended Sept. 30, 1961, p. 5 
$ The assistance of Edith E. den Hartog is acknowledged. l 
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TABLE 4.—Stocks, receipts, and consumption of new and old scrap and tin 
recovered in the United States in 1961 


(Long tons) 


Gross weight of scrap 
Tin recovered 


Type of scrap and class of consumer Consumption 
Stocks| Re- 
Jan. 1 | ceipts 

New | Old [Total 


Cop 
8 R te 


Auto radiators (unsweated) 2, 343) 34, 396|.......| 34, 435 34, 435| 2. 3044 1, 480| 1, 480 
Brass, composition or red 3, 704] 74, 389 1, 053) 1. 880 2, 933 
Brass, low (silicon bronze)...... 1, 542 2 3 5 
Brass, yellow................... 3, 895| 47, 642 155 355 370 
ene 2, 1960 26, 864 542| 1,621| 2, 163 
Low-grade scrap and residues...| 3, 422) 24, 268 HI... 14 
Nickel silver. 808| 2,771 2 21 23 
Railroad-car boxes..............- 137| 1,117[.......|  929|  Á929| 325 44 44 
Total. EE 16, 941/212, ?69| 56, 601/154, 609/211, 210| 18, 600| 1, 628| 5, 404| 7.032 
AAAA———|I——————I————IL——X—IL—A—————|L————IIL———L————É— 
Brass mills: ! 
Brass, low (silicon bronze)...... 2. 333| 18, 781) 18, 781].......| 18,781] 2. 218— 2 
rass, yellow. Ww 14, 081/137, 539 p ét bl... 5 
Bronze... 38 803 87|...... 87 
Mixed alloy scrap............... 7, 628| 10, 179 10. 19 10 10 
Nickel silver 2, 307] 6, 465 465 65 2, 4677. «. 
Total. .....-.-..-------------- 26, 730| 174, 767/174, 767 Io3 102 
Foundries and other plants: 3 
Auto radiators (unsweated)..... 200| 5,311].......| 5,158| 5,158]  353)_..... 232} 232 
Brass, composition or red 1,791| 5, 260 1634 121 28 
Brass, low (silicon bronze) 181 3944 23 350 376 2477 
rass, TTT 1, 7, 510 4 23 32 
Bonn 8 957 2,474 93; 105; 198 
Low -grade scrap and residues... 583] 6,646; 1,769) 4,799] 6,568)  710|......|......]...... 
Nickel silver.................... 33 83 13 
Rallroad-car boxes.............. 1, 750 36,075|.......| 35,950) 35, 950 1, 923 1, 709 1, 709 
r ( 6, 8100 63, 753 10, 167 261| 2, 195| 2, 456 
Me Bang from copper-base 
JJ é 0d... . E 1, 991 7, 599| 9, 500 
Lead - base scrap 
Smelters, refiners, and others: 
e EE 1, 263) 11, 811].......| 12,490] 12. 490| 584|...... 605 605 
Battery lead plates 16, 2121320, 0610 39]... 338| 338 
Drosses and residues 16, 411| 71. 655| 73, 303|.......| 73, 303 M, 793| 2, 495 8| 2, 503 
Solder and tinny lead........... 391| 7,559 208 6| 1,338| 1, 344 
Type metals 1,602| 21,630|...... | 22,074] 22,074] 1, 1580 1,048] 1.048 
/// 35, 879432. 746} 73, 340 364, 003/437, 343) 31. 282| 2, C501] 3, 337 5, 838 
Tin- base scrap: 
Smelters, refiners, and others: 
Babbitt EE 43 5000 480) 480) 63 402| 402 
Block-tin pipes 22 407 1 1| 396| 397 
Drosses and residues 573| 3,371 469| 2, 182 2, 182 
FU ˖ ²˙²·˙ ꝛůꝛm—h 20 48 60 ]14|...... 51 51 
Eat 664) 4,326] 3, 476 674) 2, 183] 849 3.032 
Tinplate sarap: Detinning plants 3, 230|.....- 3, 230 
Total tin recovered. ..........].......|]....... |]. ...-..]- .-.... |- ---- ..]----.-. 9, 905/11, 785/21, 690 


1 Lines in brass mills and total sections do not balance as stocks include home serap and purchased scrap 
assumed to equal receipts. e a 
3 Omits machine shop scrap." 
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TABLE 5.— Tin recovered from scrap processed in the United States, by form of 


recovery 
(Long tons) 
Form of recovery 1960 1961 Form of recovery 
Tin metal: Et 
At detinning plants 2, 745 2, 670 || Type metal. 
At other plants 270 330 || Babbitt... 22. cecsccecccccccece 
Antimonlal lead 
Tot!!! 3, 015 3,000 || Chemical com pounds 
Miscellaneous 1. 
Bronze and brass: 
From copper-base sarap i 10, 045 9, 335 Dol! 
From lead and tin- base 
ir 330 435 Grand total 
Value (thousands).............. 
Total BEE 10, 375 9, 770 


1 Includes foil, cable lead, and terne metal. 


CONSUMPTION 


Total tin consumption in the United States declined 3 percent. 
Three items—tinplate, solder, and bronze and brass—consumed more 
than 80 percent of the tin in 1961 and 1960. Consumption of tin in 
tinplate (the leading use of primary tin, which took 63 percent of the 
1961 total) dropped 6 percent. 

Tinplate production was 5 percent lower but was the second highest 
recorded, being exceeded only in 1960. Of the total output, elec- 
trolytic tinplate represented 95 percent (92 percent in 1960), and 
hot-dipped, 5 percent. 

The United States required 47 percent of the world consumption 
of tin for tinplate in 1961 and 1960. Nearly 90 percent of the tinplate 
was used for making cans, of which 62 percent was for food packing 
and 38 percent was for nonfood products. The tonnage of tinplate 
shipments to canmakers rose 7 percent to a new record. Can ship- 
ments increased 4 percent to the highest recorded. Vegetable and 
vegetable juice cans showed the largest gain in tonnage. Cans for 
soft drinks increased for the fifth consecutive year to a new high. 
Cans for coffee, fish and seafood, and pet foods also reached new 
peaks in 1961. Beer cans were 2 percent less. 

The data in table 6 show the apparent consumption of tin from 
1910 to 1961. The calculated consumption figure for each year does 
not take into account movements in or out of consumer, dealer, and 
Government stocks; consequently the calculated figures may vary 
widely from the, actual, op on annual basis. 
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TABLE 6.—Smelter production, imports, exports, and apparent consumption of 
tin in the United States, 1910-61! 


(Long tons) 
Smelter 

Year production 
JJ!!! ³˙Ü¹¹¹ te EEN 
BO WEE, 
rb EE k x 8 
11 dE ee 
LE EE, 8 
| 100, EE EE, Ene PE 
II...... EE 2, 019 
UA VA 8 5, 415 
IIJJJ!!Wü ͤ AAA Cep 9, 182 
JJ ĩ²ꝙĩi: r»0 n- x 10. 925 
11Ü· ¹ð ü ³oÜ wm ³ Ä Ku E 15, 761 
7 NJ——ſd 8 10, 305 
A EE ⁰AAA . 8 8, 132 
IUD WEE 6, 666 
ju WEE EES 434 
lr EE DEE 
AAA ß AAN EEN 
J 
CöĩÜ5— ᷣ : i ff 
/ e asa ³·¹.ͥAſd %oÜ‚õ-. ðê y EA Ses 
A RE, NA 
NOB A ͤ ⁵³ĩðWWss AA AA 
RA A IC AA ĩ 
Ar A NN AR IA AAA 
J ·ͤAAͥ EE AAA PR 
[ro A ͥͥ A EE 
/ EE, Ä 
7 ³»¹]¹¹ʃ.mmmm ³ Z ðy ð ß ĩê al ce 
JJ! 8 
1939............. % TO cn aste erp cn Ee 
US OS ao ME 1, 391 
Ü A 8 1. 839 
lr ³˙¹ ü ⅛;ͤĩꝛ; A ³Ü¹wm E 16, 168 
JJ!!! ³oÜ O ae ay 21. 489 
/ ⁰-⁴ ³⁵³K 30. 884 
6 ³ A ]⁊ y ⁰kßsk ³ð v 40. 475 
1 ͥͥ ³·WW[wͥ ( xe E E EE 43. 500 
ü Ev CERTA 33, 300 
jr RECEPIT OON ME 36, 703 
1% A Sc v 35, 834 
TOW EE 33, 118 
1914111414144. 31, 852 
(EI EE EE 22. 805 
IKONS E u ] II A 37, 562 
Lk A A EES 27, 407 
1055. E M eer 22, 329 
e STORE 17, 631 
933 ⁵ T E 1. 564 
JJ EE . EE 4 5, 440 
19599. W 410, 773 
19). EEN 414,026 
ROG) BEE ENEE 4 8, 917 


Imports 
for con- 
sumption 


39, 898 


Exports 
(domestic 


and foreign) 


Apparent 
consump- 
tion 3 


46, 900 
47,792 
51, 800 


IDomestic mine production of tin was exported for smelting from 1910 to 1939, and from 1959 through 


1961; between 1940 and 1955, inclusive, it was treated by domestic smelters. 


Various metallurgical plants 


treated imported concentrate averaging 50 long tons annually between 1900 and 1915, and 150 tons annually 


between 1925 and 1939. 


2 Measured by quantity of smelter production, plus Imports for consumption, minus exports. 


3 Foreign only, 1931-41; domestic not separately recorded. 


Imports for consumption—ore (tin content); smelter production figure withheld to avoid disclosing 


ndividual company confidential data. 
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TABLE 7.—Consumption of primary and secondary tin in the United States 


(Long tons) 
1952-56 1957 1958 1959 1960 1961 
(average) 

Stocks Jan. 11... . 23, 895 28, 446 32, 030 30, 003 85,521 | 33, 459 

Net receipts during year: 
TIMA A DeciuscReezsups 57, 188 59, 215 46, 553 51, 269 50,661 | 53,565 
Beceopdarg. e 2, 2, 868 2, 524 2, 471 2, 217 2, 897 
NN un BEE A d PA VE 
e A ꝛ e. 8 30, 107 26, 758 23, 680 30, 814 27,448 | 26,344 
TO cc 8 89, 915 88. 841 72, 757 84, 554 80,326 | 82,806 
RT EE 113,810 | 117,287 | 104,787 | 114,557 | 115,847 | 116, 265 
Stocks Dec. 31 1 25, 432 32, 030 30, 003 35, 521 33,459 | 36,209 
Total processed during year 88, 378 85, 257 74, 784 79, 036 82,388 | 80,056 
Intercompany transactions in scrap....... 2, 295 2, 750 2, 199 1, 663 1, 828 1, 806 
Tin consumed in manufactured products.. 2 86, 083 82, 507 72, 585 71, 373 80,560 | 78,250 
Primary A 54, 801 54, 429 47, 998 45, 833 51,530 | 49,699 
Sonos suse 30, 750 28, 078 24, 587 31, 540 ,030 | 28,551 


Stocks shown exclude tin in transit or in other warehouses on Jan. 1, as follows: 1952-56 (average), 1,016 
tons; 1957, 1,815 tons; 1958, 1,310 tons; 1959, 1,940 tons; 1660, 1,900 tons; 1961, 2,570 tons; 1962, 425 tons. 
2 Includes tin losses in manufacturing. 


TABLE 8.—Tin content of tinplate produced in the United States 


Tinplate (hot-dipped) Tinplate (electrolytic) 


Year 
22 ec [23 22 = i23 27 22 = 22 
t8 | 3 88 $8 | E3 58 $3 | $8 | ES [Iis 
2 23 |v es 2 £g |[nas| z 2 3 juss 
a E vo E Bt E eo "EE BE Ke 87 855 
25 88 22 23 8 8 SS 23 eS 8a cg 
E as jagg 2% SS Jas SS ES LGE 
O E 8 S E |e S S EÉ E 
1952-56 (aver- 
age eeneeMo 1, 218, 487 26.7 | 3,575. 773 10.3 |3294, 767 | 5,089, 027 |331, 996 14.1 
1957............ 6580 27.3 | 4, 593, 587 11.6 | 435,181 | 5,715.384 | 32, 046 12. 6 
LOSS WEE 27.2 | 4, 489, 275 11.7 | 401,126 | 5,367,098 | 29, 136 12 2 
1059............ 26.5 | 3,997, 171 11.5 | 374,130 | 4, 768, 040 | 25, 275 11.9 
1960............ 26. 8 | 5,300, 277 11.8 | 495, 536 | 6, 250, 621 | 33, 238 11.9 
1901 22 27.2 | 5, 143, 839 12.0 | 499, 258 | 5,910,016 | 31,185 11.8 


Includes small tonnage of secondary pig tin and tin acquired in chemicals. 
3 Not reported during January-Juno 1954. 
3 Includes 840 long tons in tinplate waste-waste, strips, and cobbles through June 1954; thereafter not 


separately reported, 


TABLE 9.—Consumer receipts of primary tin, by brands 


(Long tons) 
Year Banka | English | Katanga | Longhorn | Straits | Others Total 
1952-56 (average 3, 523 4, 410 3, 181 39, 198 2, 357 57,188 
I. VU ĩ , 3,728] 3 194 Y EE 


a ëO, URP A 1 , 110 «6% 


—— m» e m e e mm e mm gr ër me 222 D — 2 mg ee — 
D 


Total deliveries of Banka tin to domestic consumers reported as 10,225 long tons in 1960 and 9,845 tons in 
1061. 
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TABLE 10.—Consumption of tin in the United States, by finished products 


(Long tons of contained tin) 
1960 1961 
Product EE ⁵² A 
Primary | Secondary !| Total | Primary Secondary !| Total 
Alloys (miscellaneous) ................ 260 141 401 300 120 420 
Ble 8 1, 841 1,780 3,621 1,744 1,794 3, 538 
Barth... o h 8 891 216 1. 110 1. 165 108 1. 273 
Bronze and brass. ...................- 3, 350 11, 986 18, 336 3, 168 13, 025 16, 193 
Chemicals including tin oxid 648 1, 284 1, 932 674 1, 415 2. 089 
Collapsible tubes and foll. ...........- 788 127 915 939 59 998 
Pipe and tubing 35 43 78 31 28 
id n QUEE 6, 660 11, 618 18, 278 7, 009 10, 436 17, 445 
Terne metal... 132 469 1 167 218 
kt TEE 1, 996 39 2, 035 2, 035 41 2,076 
Tip é 33, 2338388 33. 238 31. 18 31. 185 
Type niet... cscs 98 1, 333 1, 431 96 1, 193 1, 239 
jte metal A A 1, 452 90 1, 542 1, 190 124 1,314 
ie A S UO ES Side EE 138 36 174 112 41 153 
!!! ³ A 8 51, 530 29, 030 80, 500 49, 699 28, 551 78, 250 


1 Includes 3,090 long tons of tin contained in imported 94/6 tin-base alloys in 1960 and 3,360 tons in 1961; also 
tin content of alloys imported in 1960 and 1961 under the category of *babbitt metal and solder.“ 
2 Includes secondary pig tin and tin acquired in chemicals. 


STOCKS 


Tinplate mills, holding nearly 76 percent of plant stocks of pig tin 
in the United States, increased inventories 4,400 long tons. Ein in 
process at tin mills on December 31 rose to 6, 530 tons, a new record; 
pig tin stocks at other plants were 1,610 tons lower. 

GSA sold 3,200 long tons of pig tin from the FFC stock of 3,933 tons 
excess to the Government’s needs and not in the national stockpile. 
On December 31, 349,000 long tons of tin was in Government stock- 
piles; 341,000 tons of this was in the national (strategic) stockpile and 
7,505 tons, obtained largely through the CCC barter program, was 
in the supplemental stockpile: 


TABLE 11.— U.S. industry tin stocks 


(Long tons) 
1952-56 1957 1958 1959 1960 1961 
(average) 
Plant raw materials: 
Pig tin: 

Kate e AAA asra 14, 031 20, 126 18, 173 22, 830 20, 881 23, 079 
Secondary 292 327 281 270 257 249 
Impress secs 11. 109 11. 577 11. 549 12. 421 12. 321 12, 281 
Totaka cios A 25, 432 32, 030 30, 003 35, 521 33, 459 36, 209 
Additional pig tin: = 
In transit in United States............ 1, 185 1,310 1,940 1, 900 2,570 425 
Jobbers-im porter 574 660 1,050 1, 945 1, 090 2,675 
Afloat to United States 4, 808 1, 735 1, 660 1, 855 2, 990 3,170 
%//«§§ôê 88 6, 567 3. 705 4. 650 8, 700 6. 650 6. 270 
Grand total.: 31. 999 35, 735 34, 653 41, 221 40, 109 42, 479 


Jin content, including scrap. 
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PRICES 


The tin market became virtually free from controls for the first 
time in almost 5 years when buffer-stock selling suddenly ceased on the 
London Metal Exchange. The lowest price for 1961 of Straits tin 
for prompt delivery in New York was 100.125 cents a pound on 
January 11 and 12. On August 29, the price rose to 125.75 cents a 
pound, the highest since June 12, 1951. 

On the London market the cash price averaged £888.6 per long ton, 
5 4796.7 in 1960. On June 20 the price rose above the ceiling 
of £880 set by the International Tin Agreement when buffer-stock 
NEE of tin metal were exhausted. After the high of £823.3 on 
July 12, 1960, the price moved downward to a low of £779 on January 
12, 1961. Subsequently the price rose until September 1, when it 
reached £993, the high for 1961. The price for 3-month tin exceeded 
the cash price during most of 1961. 

On the Singapore market, the average price of Straits tin ex-works 
was £877.2 (£775.1 for 1960). The lowest quotation was £762.5 on 
January 17, and the highest was £980 on August 29. 


TABLE 12.— Monthly prices of Straits tin for prompt delivery in New York 


(Cents per pound) 
1960 1961 
Month 

High Low Average | High Low Average 
HEUTEN ee m EE 500 250 99. 850 100 750 | 100.125 100. 381 
is APA A 101.875 100. 375 100. 974 102. 375 00. 250 100. 979 

Mia dec Rcs eam 00. 750 99. 625 100. 104. 625 101. 625 
Ill 99. 625 98 875 99 244 109. 500 107. 075 
BY w- J(— EEA 100. 125 98. 875 99. 542 111. 250 107. 500 110. (34 
7 ³˙Ü¹¹A ive Maa mand d 102. 000 100. 123 101. 307 120. 000 111 125 114. 551 
J) DU rp 104. 750 102. 250 103. 494 118. 000 115.250 116. 250 
AUPUSL Ee 104. 625 101. 000 102. 853 125. 750 116. 500 119. 753 
ts AA pu ra Nerden 102. 625 101. 750 102. 232 125. 500 120. 500 121. 8550 
da AAA deer 103. 750 102. 875 103. 275 122. 500 120. 125 121. 054 
A A ea USE 103. 375 102. 000 102. 822 123. 625 121. 875 122. 894 
Demwbeennnnn 102. 000 100. 250 101. 143 122. 250 119. 625 120. 981 
KT EE 104. 750 98. 875 101. 402 125. 750 100. 125 113. 270 


Source: American Metal Market. 


FOREIGN TRADE ° 


The principal tin items in the foreign trade of the United States in 
1961 were imports of metallic tin, high-tin alloys, and tin concentrates, 
and exports of tinplate and tin cans. Of less importance was the trade 
in tin scrap, including tin-alloy scrap, tinplate scrap, and tinplate 
circles, cob les, strip, and scroll. Significant quantities of tin ingot, 
miscellaneous tin manufactures, and tin compounds were exported. 
Tin contained in babbitt, solder, type metal, and bronze imported 
and exported is shown in the “Lead” and “Copper” chapters. Fer- 
Se Anp exports include tinplate and terneplate scrap not separately 
classified. 


Figures on U.S. Imports and exports compiled hy Mae B. Price and Elsie D. Jackson, Division of Foreign 
Activities, Bureau of Mines, from records of tbe U.8. Department of Commerce, Bureau of the Census, 
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TABLE 13.—U.8. imports for consumption of tin concentrate (tin content), by 
countries 


(Long tons) 


1940 | 1941 | 1942 | 1943 | 1944 | 1945 | 1946 | 1947 | 1948 | 1949 | 1950 


A A PE OA EE JJ“ A A O VEH DE 
Argentina... eiert 288 102 HE UG); T EE E 
Australia EE A | tae EE EE MA O AAA oY, AREA ESA ES 


) AAN ENEE, ATA 4, 094| 7, 549] 7, 401| 7,214 sei Kee 695| 1, 520 
Congo, Republic of (Fr. Eq. 
Ai é 32 179|...... 2ll|...- 83 Vll A E, A PA 
hh PC A A O GE, / 
o AAA EE 0,2201 1 9411 aec uo asas 2, 206] 5, 208/13, 195/15, 223| 6, De 


NIGXICO eebe 313| 114 45| 121 61 13|...... 5 36] 116) 118 


1 
United Arab Republic CEgYDO. oc sacs ð A E D E, GE E E 
United Kingdom EE, RM. ones O Moe 27 Bl. XD de Ee) acces 
Viet-Nam, Laos, Cambodia 
(French Indochina AO EE A / A/ A E, EH 


—— |——— [⏑ä— ä— — [——— — — —— 21 ——— 


Country 1951 | 1952 | 1953 | 1954 | 1955 | 1956 | 1957 | 1958 | 1959 | 1960 | 1961 


] ↄo»iQAAAͥ̃ II ² » ²³⁰mꝛAAAd˙0ĩ˙²˙ A A E A A EEN 8 
Al A A AS TOS A BEE, eg (i) 1| () ON L..... 
A a...... ee d , 5 777 A 


ngo) 
Congo Republic of (Fr. Eq. 

Africa) 3j. EE EEN WE, ores A A /// / ⁵ opm 
Hong Kong UI U—U ll... 4 LL /// PEDES AS EE A 
1 EE 11, 684 7,321] 8, 678] 7, 228| 6, 969 3, bag 20 7, 916/12, 509| 8, 556 

e EE ] j¶ ↄ ↄ ¶ f è̃ . 8 


Morico- AAA 1060 154; 223 4 254| 156 9 45| 100 64 87 


United Arab Republic (Egypt) Ee Re E E, RS E ee VE 
United Kingdom. 4 4æ eee 74:1 A y A AR 
Viet-Nam, Laos, Cambodia 

(French Indochina). NM On NT 14 42 BO oce ium. A O 


—— AA E A—ũ ] — t — o EA — — 


Toll (( 29, 621/26, 491/35, 97322, 140,20, 112/16, 688 94| 5, 440/10, 773/14, 026| 8, 917 


1 Less than 1 ton. 
Source: Bureau of the Census, 


65987 3—-62———78 


1226 MINERALS YEARBOOK, 1961 


TABLE 14.—U.8. imports for consumption of tin concentrate (tin content), by 
countries 


1 Less than 1 ton. 
Source: Bureau of the Census. 


TABLE 15.—U.8. imports for consumption of tin,! by countries 


donesia. A A cmVavRE Nes 
Malaya, Federation of, and Singapore 
Ness... --.-- 
IN H EE, / 8 
i ß ß 225 
United Kingdom—U—' 3 5, 924 
VK, BEE cu 3 39, 538 


: B blocks or ulated. 
ela a cs, Digs, grain, or gran 
3 Revised 


Source: Bureau of the Census. 


TABLE 16.— U.S. exports of tin; imports for consumption and exports of tinplate 
and terneplate in various forms 


Tinplate and 
Ingots, pigs, and bars terneplate 


Year 
Reexports 


Value 
Long tons SE Long tons] Long tons Long tons] Long tons 
san 


1053-50 (averago).... 


402 $849 681| 605.354 13, 975 33, 463 
FF 419 919 40 | 625, 666 19, 531 31, 431 
1058 A seed 424 899 51 | 331,813 15, 728 32, 8M 
1969... „„ 428 970 50,811 | 328, 888 15, 082 N, 151 
1 ees 249 549 17,612 | 504, 942 20, 491 128. 
jj e €——— Á————À 257 626 8, 358, 707 20, 960 29, 499 
! Revised figure. 


Source: Bureau of the Census. 
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TABLE 17.—U.S. imports for consumption and exports of miscellaneous tin, 
tin manufactures, and tin compounds 


Miscellaneous tin and manufactures Tin compounds 
Imports Exports 
Tinfoil, Dross, 
Year tin powder, skimmings, Tin cans, Tin scrap Im- Ex- 
flitters, scrap, finished or and other ports | ports 
metallics, residues, and unfinished tin-bearing | (lon Ko 
tin and tin met fag material, tons 
manufac- n.s.p.f, except 
el tinplate 
n.s.p scrap, 
value Long Value Long Value value 
(thousands) | tons (thou- tons (thou- | (thousands) 
sands) sands) 
1952-56 (average)... 1 $600 | 6,474 |? $11,704 | 30,467 | $13,109 $2, 522 4 115 
„„ 1561 6, 077 9, 485 30, 166 14, 309 3, 911 10 218 
1958; AA A 610 | 3,208 5,771 | 35, 849 18, 992 11 
| Ao): BEE EE 1,008 | 3,350 6, 469 | 36, 19, 027 1, 231 6 3 
C 9 809 1, 642 | 32, 875 17, 362 1, 355 3 
liar o cR 076 612 1, 299 | 30, 929 15, 093 8, 352 22 3) 


1 Data for 1956 known to be not comparable with other years. 
3 Data for 1955-56 known to be not comparable with other years, 
3 Beginning Jan. 1, 1958, not separately classified. 


Source: Bureau of the Census. 


WORLD REVIEW 


INTERNATIONAL TIN AGREEMENT 


The Second International Tin Agreement came into force pro- 
visionally on July 1, 1961, having been formally ratified or signed by 
6 producing countries and 14 consuming countries (accession of Korea 
as a consuming member was approved). Meetings were held July 
3-7 and October 9-11. Contributions to the new buffer stock, en- 
tirely in cash by praticipating producers, amounted to £14.6 million, 
representing the equivalent of 20,000 long tons of tin at £730 per 
ton (91.25 cents per pound). A proposal by producing countries to 
raise the floor price to £800 a ton (100 cents per pound) and the ceiling 
price to £1,000 a ton (125 cents per pound) was rejected. As con- 
ditions had not been met for converting the agreement to a definitive 
entry into force at the end of 1961, it was continued on a provisional 
basis until June 30, 1962. 

The first International Tin Council met for the last three times. 
In March it decided not to fix an export quota for the second quarter 
of 1961. At a May meeting the statistical position of tin was sur- 
veyed. In May, the Canadian government announced it would sell 
3,000 tons of tin from its stockpile at the rate of 300 tons a month, 
not for export, and at prices in the same range as that in which the 
buffer-stock manager may sell (£830 to £880 per ton). The buffer 
stock held 10,030 long tons of tin metal from April 1, 1960, to De- 
cember 13, 1960, and 10,080 tons on March 31, 1961. Sales begin- 
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ning in April exhausted the buffer stock by June 20. At this time 
the buffer-stock manager withdrew as a seller on the London Metal 
Exchange and was unable to maintain the ceiling at £880 per ton. 
The 28th and last meeting, June 28, approved procedures to liquidate 
assets of the first buffer stock. 


TABLE 18.—Second International Tin Agreement; percentages and voting powers 
of producing countries ! 


182 

84 
197 
378 


1 Established at first meeting July 3-7, 1961. 


TABLE 19.—Second International Tin Agreement; voting power of consuming 
countries ! 


Country Votes Country Votes 

AUS lA (.dd Me REF eet CI A A 156 
A A E E fad 13 || Korea, Republic of 8 
Pell A /öõö;?ẽ: x EE 19 
Canada coccion cts us 53 || Netherlands ³ eee ee eee 43 
Deu A SS el AAA . 16 

. ³˙om..... y acu EES Ir oes A A O: 15 
e EE 58 || United Kingdom 2222 2:5 


t International Tin Council, 1961 Statistical Supplement, p. 9. 
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TABLE 20.—World mine production of tin (content of ore), by countries ! 


—— | —— . | ͤ ꝓmu;— ——— —U—ñ6ä— 
— —— — — CÁC —— — tr 


——UnU— 2 ͤ —ñjꝛñ— —— — ——— —— 
————— —— — —— | — — — ẽ— mw 


——— —2—ͤ—7ũ ü [| . ͤ ——Ü—ᷣ—ᷣ—ñ ͤꝗZęEwE—öꝗ — — | ôFr— 


1958 


— — 


—— — 2 —ñ——ę. . ——ñę n —ñ;x;—v —Á 


—— MM | —ÓÁ— EA EA E EN 


18, 062 


— — — EA eee — |———————— 
—— — 


(Long tons) 
Country 1952-56 1957 
(average) 
North America: 
Canada S e 218 317 
Mill 469 473 
United States 92 
Pot! . 779 790 
South America: 
ATPONUING coalición 137 182 
mee (o A A 30, 074 27, 794 
Brizil lez ok ee ee eure Os 185 293 
Pol 34% ³ĩ A 8 7 12 
lr ³é A 8 30, 403 28. 281 
umpa 
zechoslovakla 1 200 200 
ech EE 437 445 
Germany, East 7.2 591 67 
FPgünn O 1. 345 1, 127 
e eeler 77 498 
/ te AS 10, 000 13, 000 
United Kingdom 1,005 1, 028 
rr AA 14, 500 17, 000 
Asia: 
Biri RE 1,139 1, 200 
if E 12, 880 23, 000 
Indonesia. ....--0 8 33, 621 27,723 
r wr uRMeseUE 782 949 
( O A E mE 207 74 
Malaya, Federation of...............- 59, 464 59, 293 
Dil, 10, 577 13, 528 
Total 4... ke tesna aat 118,700 | 126,000 
Africa: 
e 8⁵ 71 
Congo, Republic of the (formerly 
Beisl A 12, 828 12, 478 
Congo, Republic Ol k.. 88 
Modes 8 10 8 
Niger, Republic of 77 50 
NN! ² AAA n cee se 8, 339 9, 534 
Rhodesia and Nyasaland, Federation in 
T 1, 965 1, 803 
South-West Africa... 22 312 636 
Sl. 32 25 
wei (exports)................. 37 40 
33 ͤ (ä 77 
Union of South Africa 1, 267 1, 463 
DEE 25, 160 26, 405 
Oceania: Australia 1, 867 1, 052 
World total (estimate 191, 400 | 200, 400 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Figure withheld to avoid disclosing individual company confidential data; included In world total. 

3 Estimated by authors of the chapter and in a few instances from the Statistical Bulletin of the Inter- 


national Tin Council, London, England. 


4 Data not available; estimate Included In world total. 
8 Estimate, according to the 48th annual issue of Metal Statistics (Metallgesellschaft) through 1960. 
* Includes tin content of mixed concentrates. 


* Estimated smelter production. 


$ Output from U.S. S. R. in Asia included with U.S.S.R. in Europe. 
Compiled by Augusta W. Jann, Division of Foreign Activities. 
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TABLE 21.— World smelter production of tin, by countries ! 


(Long tons) 
Country 1052-56 1957 1958 1959 1960 1961 
(average) 
North America: 
Mexi005 2.560650 ß 207 460 377 365 3 9M 
United States ᷣ 1, 564 45,440 | 410,773 | 4 14,026 48,917 
Cr ĩ E 1. 771 5. 900 11,150 14, 391 9, 421 
South America: 
AA E Ee OO AA EE m AS 
Bolivia (exports) * 266 705 955 1, 468 2,015 
Fl EC 1, 401 629 1, 227 1,311 21.32 
par AA AA 1,706 1,33 2,182 2,779 3. 335 
Euro 
Belglum... uoc. eso neue Re SLEHUEE ES 9, 869 8, 723 5,945 7,947 6, 002 
Germany 
KEE 600 600 eno 
PT! ³·ꝛA AA 955 1,010 769 947 
Netherlands 29, 259 17, 098 9, 592 6, 393 2,72 
Port.. ; 1.072 1, 259 1,174 677 
Bally eee oe suet 687 783 449 323 299 659 
CA A AA 13, 000 13, 500 15, 000 17,000 20. 000 
United Kingdom °’ 34, 174 32, 551 27, 229 ; 25,773 
Ill! 89, 700 74, 800 69, 900 61,000 57, 400 
e ß 23,000 23,000 28, 000 28, 000 30, 000 
Indopnesla aaa. 322 2690 31,690 31,8 31,500 
/ EE 1, 260 1,307 1,308 1.261 1,644 
Malaya, Federation of 71, 289 45, 336 45, 729 76, 130 79, 114 
Total 19$... rr nog e deat 95, 900 70, 200 74,000 107, 200 112, 600 
Africa: 
Congo, Republic of the (formerly 
Belglan )) 3. 105 2, 642 3, 291 
rr 8 212 312 3 12 
Nigeria 0 ͤ ͤ Kk a AA 
Rhodesia and Nyasaland, Federat ion 
|) AMORE Pm EER ERRORES AS 253 503 631 
Union of South Africa 825 901 7 
AAT) E NEIE voce Le ees 4, 195 4,058 4, 600 
Oceania: Australia 1, 806 2.121 2. 226 
World total (estimate) 195,100 | 158,400 | 155.700 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
» bere estimated figures are included in the detail. 

3 Estimated by authors of the chapter and in a few Instances from the Statistical Bulletin of the Inter- 
national Tin Council, London, England. 

3 Includes tin content of alloys made directly from ores. 

$ Imports for consumption (tin content). 

$ Output from U.S.S.R. in Asia included with U. S. S. R. in Europe. 

* Including secondary metal as follows: 1959, 615 tons; 1960, 1,118 tons; 1961, 1,324 tons. 


Compiled by Augusta W. Jann, Division of Foreign Activities. 


REVIEW BY COUNTRIES 
SOUTH AMERICA 


Bolivia.—Exports of tin, mostly in concentrate, totaled 20,400 
long tons valued at U.S. $50.3 million, an increase of 5 percent in 
tonnage and 18 percent in value compared with 1960. Tin represented 
73 percent of the gross value of Bolivian minerals exported in 1961. 
The bulk of the tin exported went to the United Kingdom. Ship- 
ments to West Germany were the highest ever recorded. Tin pro- 
duction in nationalized mines dropped for the eighth consecutive 
year. To encourage production of higher grade concentrate, a new 
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scale of royalties for export and sale of tin was approved August 1. 
Implementation began of the “triangular plan” decreed August 31, 
whereby U.S. $38 million may be made available in stages for rehabili- 
tation of the mining industry by the United States Government, 
the Inter-American 3 Bank, and Salzgitter Maschinen 
A. G., representing the West German Government. 

Five-year extensions of ore-smelting contracts were secured by 
Consolidated Tin Smelters, Ltd. (Williams, Harvey & Co., Ltd.), 
and Capper Pass and Son, Ltd. 


TABLE 22.—Bolivia: Tin production by nationalized mines 


(Long tons of contained tin) 
Mine 1960 1961 Mine 

Caracoles. 713 774 || Oploca-Santa Ana. 

Catāavi A Ee ucc nma 4, 666 4,196 OSB. c ool ce os LT LCD ed 
Chorolque.................... 585 492 || Santa Fe 
WC WEE 108 148 || Tasna 
Colquechaca 40 47 || Uniflcada....................- 
Col Willian conocia cronicas 2, 811 2,566 || VIIoco 
Huanuni..................... 2, 627 2,628 || Others.......................- 
r 91 

Morococala................... 236 804 Total EE 


Source: U.8. Embassy, La Paz, Bolivia, from data furnished by Corporation Minera de Bolivia. 


TABLE aa Bolivia: Exports of tin by groups 
(Long tons of contained tin) 


Group 1954-58 
(average? 


Corporation Minera de Bolivia 1. 21, 811 
Banco Minero: 
Medium W ness Resenrededs uuu sus 


! Decree of Oct. 31, 1952, nationalized the major producers of tin included in this group; namely, Patino 
Mines & Enterprises Inc., Compagnie Aramayo de Mines en Bolivia, and Maurico Hocschild, SA MI 
3 Includes tin content of alloys made directly from ore. 


Source: Departmento de Estadistica— Direccion General de Minas, Ministrio de Mines y Petroleo. 


TABLE 24.—Bolivia: Exports of tin by countries 
(Long tons of contained tin) 


Destination 1960 1961 1961 
Argentina 3 |.......... || Netherlands.................- 564 
Ya AA AA 954 r A IA PROS 2 
rA 3 United Kingdom 15, 147 
Germany, West 924 1, 467 || United States 2, 743 
Korea, Republic of. 10 ————|————— 
Mexico— 36 „ Tro! 93 20, 400 


Source: Departmento de Estadistica— Direccion General de Minas, Ministrio de Mines y Petroleo. 
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TABLE 25.—Bolivia: Percentage of tax for tin concentrate ! 


Royalty rate as percent of official quoted price in US$ when 
tin price per pound is— 


Concentrate grade (percent) 
$1. 20 
„CCC 1. 30 2. 00 3. 90 5. 20 6. 50 7.80 
Po TR 1. 30 2. 00 5.35 7. 15 8. 95 10. 76 
ported ³AAA ³ĩðW a ĩ edecscs 1. 30 2. 60 5. 95 8. 00 10. 00 12. 00 
EE 1.30 4.70 1. 95 10. 60 13. 33 15. 98 
„ ß 2. 85 6. 50 9. 90 13. 03 15. 98 18. 61 
JJ PT A A 4. 10 8.2 11.80 15. 13 18. 08 20. 71 
|) ³»¹ Gale A A E 5. 16 9. 55 13. 35 16. 68 19. 63 22. 26 
|o MEUS RUIN E tan DS 6.16 10. 55 14. 35 17. 68 20. 63 2. 26 
J A Ru RD eos 7. 06 11. 45 15. 25 18. 58 21. 53 24. 16 
EE 7. 86 12, 25 16. 05 19. 38 22. 33 24. 96 
A y ĩ ÓN 8. 56 12. 96 16.75 20. 08 23. 03 25. 06 
Sand NET ME 9. 16 13. 55 17. 35 20. 68 23. 63 . 26 


1 Supreme decree 05245 a proves Aug. 1, 1961. Royalty calculated on established gross value and official 
price based on London and New York market quotation, and a biweekly established free rate of exchange, 


EUROPE 


U.S.S.R.—Imports from China were 15,000 tons (estimated), 
compared with 17,500 in 1960. Tin imported from Western Euro- 
pean markets was 3,000 tons in 1961, the largest since 1953. Exports 
of tin to free Europe dropped sharply. Under a trade agreement 
signed in April, China was to continue supplying tin. Other trade 
Loge provided for acquiring tin from Indonesia and Thailand. 

e U.S.S.R. imported 36,580 long tons (34,450 in 1960) of tinplate 
from Western Europe in 1961, and exported 3,570 tons to India. 
Tinplate production was 335,500 tons in 1961, against 341,500 tons 
in 1960. 


TABLE 26.—Sino-Soviet Bloc: Shipments of tin metal 


(Long tons) 
Source and destination | 1960 | 1961 Source and destination | 1960 1961 
From U.S. S. R. to— From China to—Continued 
c SE Ea — | A 10 50 
F SS | | ERRE PRE — 150 
reg PEA G Germany, West.......... 2, 932 2 783 
„„ + MERA Hong d A A A Cer E 115 
Germany, West.......... 3, 584 519 A 153 1, 635 
A RA 600 200 || Netherlands 909 1, 325 
c.c NN ae A A A "HN ee 8 K 85 120 
„ . a... 58 73 
0 CTS SS EN 1, 022 | 720 United Kingdom......... 300 | 901 
Netherlands.............. | . d'Gëlle, ge eege 200 E 
RU R | —— — 
Switzerland. ............. | e E E dh. A —— 4, 647 | 7, 455 
United Arab Republic. 1 ———- = 
United Kingdom......... 806 51 From Poland to— 
Yugoslavia............... 9 | Germany, West | 111. 
— — United Kingdom | 21. 
pue AA E 8, 971 1,490 | | 
———M HR Tol SO | 192 | = S 
From China to— — SS 
Ir o0, FERRERS, CSRS A A SR 5 Il Grand total | 13, 810 8, 945 
. Q ˙ m eoo) ARA 298 || | 
| 


Source: Statistical Bulletin of the International Tin Council. 
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United Kingdom.—Mine production in Cornwall, England, was 
1,210 long tons of tin, derived principally from 680 tons of black tin 
(65 percent) produced by Geevor Tin Mines, Ltd., and 855 tons (70 
percent) produced by South Crofty, Ltd. 

The United Kingdom ranked second as a free world smelter of tin 
ore, third as a consumer of pig tin, and second as a producer of tin- 
plate. Most of the concentrate treated was from Bolivia and Nigeria; 
receipts were the lowest since 1944. Primary tin consumption was 
21,360 long tons (22,550 in 1960), of which about 45 percent was for 
making tinplate. Tinplate production was 1 million tons, 12 percent 
less than 1960 (1,191,500 tons). The last old-type tinplate works at 
Redbrook, South Wales, originally established in 1771, closed. Two 
firms comprised the tinplate industry of the United Kingdom: Richard 
Thomas and Baldwins, Ltd., and Steel Company of Wales, Ltd. Of 
the 1961 tinplate output, 71 percent was electrolytic and 29 percent 
was hot dipped. The second electrolytic tinplate line at Richard 
Thomas and Baldwins, Ltd., and the sixth at Steel Company of Wales, 
Ltd., began production in 1961. Tinplate exports dropped to 424,600 
tons from the record high of 488,500 tons in 1960. Sharp declines in 
shipments to Australia, South America, and China offset pcak ton- 
pares to Bulgaria, Italy, Sweden, Switzerland, Union of South Africa, 
and Yugoslavia. Exports to Sweden rose for the sixth successive year. 
The United States took 14,930 tons, compared with 11,540 tons in 1960. 

Imports of tin metal, mainly from China and Malaya, dropped to 
1,800 long tons (2,900 in 1960). Tin metal exports, mostly to the 
99955 States and the U.S. S. R., rose to 12, 190 long tons (8,470 in 
1960). 

Pig-tin stocks totaled 11,780 long tons at the beginning of 1961 and 
6,380 long tons at the end. Stocks of tin-in- concentrate were 1,960 
tons at the beginning of 1961, compared with 1,876 at the end. Year- 
end stocks of tin- in- concentrate afloat were 952 tons (1,725 at begin- 
ning of 1961). 


ASIA 


Indonesia.—Tin output in 1961 dropped 18 percent to the lowest 
since 1947. The islands of Banka, Billiton, and Singkep furnished 
61, 32, and 7 percent, respectively, of the total. 

Tin exports totaled 18,585 tons in 1961. Exported tin-in-concen- 
trate was 16,788 tons; 8,742 tons went to Malaya-Singapore, 7,611 
to the United States, 292 to Spain, and 143 to Mexico. The remaining 
1,797 tons, was metal shipped to Belgium, France, West Germany, 
and Japan. 

An agreement was signed with West Germany under which Klock- 
ner-Industrie-Analgen was to complete an installation in Muntok on 
Banka enabling Indonesia to smelt its own output of tin ore by 1964. 

An amendment signed with the U.S.S.R. in December 1961 pro- 
vided for inclusion of tin as part of the long-term trade agreement of 
July 1960. 

Malaya, Federation of.—Of the total mine production of 56,000 
long tons, 65 percent came from European mines (mostly by dredges) 
and 35 percent came from Asian mines (mostly by gravel pumps), 
including 2 percent from dulang washing. European mines produced 
36,243 long tons (33,505 in 1960), and Asian mines, 19,785 (18,475 
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in 1960). Gains in output over 1960 were made by virtually all 
mining methods, with the largest by dredging (1,620 tons) and gravel 
pumps (1,500 tons). Output of open-pit mines rose 480 tons to the 
highest quantity since 1941. Open-pit mining featured new bucket- 
wheel excavators. Export duties on tin were M$65 (US$21.3) 
million, compared with M$55.2 (US$18.4) million in 1960. 

Active mines totaled 591 at the beginning of 1961 and 696 at year- 
end. Dredges increased from 69 to 72; gravel-pump units increased 
from 470 to 572. The labor force was 32,459 on December 31, 1961, 
against 29,242 on December 31, 1960. 

Producers received refunds from Malaya’s M$55 (US$18.3) million 
contribution to the first buffer stock, plus sums representing their 
share of the profit realized by the buffer-stock management. The 
M$47 (US$15.7) million contribution to the second buffer stock 
was to be collected by the Malayan government by a 2-year levy 
on exports of tin concentrate beginning August 1, 1961. The amount 
was M$39 a picul (US$218.4 per long ton) for August, M$36 a picul 
(US$201.6 per long ton) for September, and M$24 a picul (US$134.4 
per long ton) for ilie last 3 months of 1961. 

The principal world source of tin continued to be the large plants 
of the Eastern Smelting Co., Ltd., on the island of Penang, and the 
Straits Trading Co., Ltd., at Pulau Brani, Singapore, and Butterworth, 
Wellesley Province. The residence and seat of control of Eastern 
Smelting Co., Ltd., was transferred from the United Kingdom to the 
Federation of Malaya on September 29, 1961. Concentrate treated 
was derived mostly from the Federation of Malaya, Thailand, and 
Indonesia. Total tin-in-concentrate available for the Federation 
smelters was 72,209 tons (72,440 in 1960). Tin-in-concentrate 
received by the Singapore smelter was 3,308 tons, against 1,200 in 
1960. Smelter production was the highest since 1941. Exports of tin 
metal, mostly from Penang, were the largest since 1950. Ishihara 
Sangyo Kaisha, Osaka, Japan, received permission from the Malayan 
Government to establish a new company, Malaya Tin Smelting Co., 
in Malaya, to operate a tin smelter it plans to build at Port Swet- 
tenham. 

Stocks of tin metal increased from 2,967 tons at the beginning of 
1961 to 3,966 tons at yearend. Tin-in- concentrate (including mine 
ge SEH from 9,697 tons at the beginning of 1961 to 5,995 
at the end. 


TABLE 27.—Federation of Malaya and Singapore: Exports of tin-in-metal, by 
countries 


(Long tons) 


Destination 


— — . — — ————— ee 


Argentina...............--..- / 
Australia-New Zealand Netherlands 
ar em Or ee Op United Kingdom A 
LE EE United States 
Denmark. 22.2.2... lll. Yugoslavia. ooooocccoonmmoo..- 


CC , ; Others. A O ae 


—— — e e e o e 


e e e ém — ag ap — 33V. lU Á)Á)kh(«—-*i»?e- || AVL 


Source: Federation of Malaya, Department of Statistics, Monthly Statistical Bulletin, March 1902. 
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TABLE 28.—Federation of Malaya and Singapore: Imports of tin-in-concentrate, 
by countries 


(Long tons) 


Thailand.—Tin was the most important mineral resource of Thai- 
land and ranked third as a major export, being exceeded in value only 
by rice and rubber. A 6-year plan to increase industrial income in- 
ides raising tin ore production 40 percent over the 1959 level by 
1963. Company contributions were being made to the second buffer 
stock, but no Government refund had been made from the first buffer 
stock. ‘Tin was one of the export items of a trade agreement with the 
oo Tantalco Tin Mines Co. began shipping tin concentrate to 

apan. 


TABLE 29.—Thailand: Exports of tin-in-concentrate, by countries ! 


(Long tons) 


Destination 


—— — | — | —À—À— À | | ee eee 


IIl7*ĩ 1,081 | 1,062 | e, ARPA ecu A 1,021 
Germany, West. 9| 53 [........ || Switzerland..............| 11]|........|........ 
C ( 58 503 || United Kingdom 14 
Malaya- Singapore 9, 961 9,089 || United States ,000 | 938 |........ 
Mexico 2 96 
Netherlands ¿616 || Total 12, 946 


AA 1 PR 


1 This table incorporates some revisions, 


AFRICA 


Congo, Republic of the.—Mining and smelting declined to the 
lowest levels since the 1930’s. The tin situation was confused, with 
communications and transport disrupted because of continued political 
turmoil. However, tin concentrate moved slowly to Belgium for 
smelting, with large tonnages accumulating periodically at mines and 
shipping points. At the close of 1961 an improvement in the flow 
of concentrate was reflected in a higher operating rate of the Belgian 
smelter. Only a trickle of the tin smelted in Katanga entered usual 
markets in 1961. Mining by Symetain-Société Congolaise was 
curtailed owing to shortages of fuel and spare parts and manpower 
problems. Minière des Ingenieurs de Industriels Belges (Geomines) 
operated intermittently. Its properties were virtually at a standstill 
at yearend. Slight damage to the Manono smelter was repaired, 
but the plant was inactive at the close of 1961. 

Nigeria.—Of the 10,500 long tons of tin concentrate produced in 
1961, 70 percent was from mechanized mines and 30 percent was from 
mines worked largely by hand labor. Columbium was produced as a 
byproduct. From 1914 through 1960, all the Nigerian concentrate 
went to the United Kingdom for smelting. In 1961, a significant part 
was shipped to other countries or retained for smelting locally. 
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Smelter output of 623 long tons was exported, mostly, to the United 
States. Stocks of ztin- in- concentrate at mines increased from 500 
tons at the beginning of the year to 1,030 at yearend. Second buffer- 
Stock contributions to the Nigerian Government were set off against 
refunds due under the first butfer stock. 

In the year ended March 31, 1961, Nigeria's largest tin producer— 
Amalgamated Tin Mines of Nigeria, Ltd.—reported treating about 
13.7 million cubic yards, compared with 9.1 million in the preceding 
year. Cassiterite production was the highest since 1950. The 
company approved a 5-year equipment program which included re- 
placing two 5-cubic-yard-bucket walking dragline excavators. 

The output (in long tons) was obtained by the following methods: 


Method: Cassiterite Columbile 
Jig Dial Ss cose Cok EE EE 623 288 
Dragline washing plants 1, 023 37 
Gravel pumps and elevatorg. s 2, 127 223 
Dorowa dredgee tee 136 20 
r ß EE 779 70 
Mill tailing treatment 120 84 

// ee eee ie eee eee thei 4, 808 722 


Nigerian Embel Tin Smelting Co., Ltd. (Portuguese-Nigerian) 
began operating in March. Makeri Smelting Co., Ltd. 5 o 
Consolidated Tin Smelters, Ltd.), started receiving concentrate for 
smelting in December. The Northern Region government held an 
option to participate in the Makeri project. 


OCEANIA 


Australia.—Tin production in Queensland, the principal Australian 
source, was the highest since 1915. Tableland Tin Dredging, N.L., 
and Ravenshoe Tin Dredging, Ltd., were the major producers. Tin 
consumption in Australia was 3,370 long tons, against 3,830 (revised) 
tons in 1960; tinplate required 1,460 tons in 1961 and 1,495 tons in 
1960. The Fort Kembla mill, in its fourth year of operation, produced 
101,595 long tons of tinplate (101,620 in 1960), and the output of 
10,340 tons in March equaled rated mill capacity. The new electo: 
lytic tinning line was scheduled to begin production early in 1962. 

Tinplute production supplied about 85 percent of domestic require- 
ments in 1961; the United Kingdom and the United States supplied 
most of the remainder. Receipts of tinplate from the United States 
dropped to 3,000 long tons in 1961. 


TECHNOLOGY 


Indicated and inferred reserves of cassiterite in tho Tofty tin belt, 
Alaska, were reported to total about 2,000 tons. The tailings piles 
had an additional indicated reserve of about 222 tons.“ Information 
on cassiterite occurrences in Colorado,’ tin-bearing deposits in Coosa 
County, Ala.,? and the famous Kinta Valley, Federation of Malaya, 

1! Wayland, Russell G. Tofty Tin Belt, Manley Hot Springs District, Alaska. Gool. Survey Bull 
1058 I, 1901, pp. 303-412. 

t Eckel, Edwin B. Minerals of Colorado. A 100-Year Record. Geol. Survey Bull. 1114, 1961, pp. 01-92 

Lan: F. W., Guy E. Dent, and Hugo E. Kuehn. Geophysical Investigation Relating to Tin Deposits la 


Coosa County, Ala., 1961 Bu Mines open File Rept. Report may be consulted at the Central Library of the 
Department of the Interior, Washington, D.C., and at the bureau of Mines research center, Tuscaloosa, Als. 
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tin field were made available.” A method was developed for deter- 
mining tin in the range of 0.5 to 100 ppm in soil and stream samples." 
A review of the historical background and production statistics of tin 
mining in South Africa was presented.“? 

The Federal Bureau of Mines reported the results of research on 
volatilization of tin chloride from Bolivian ores and concentrates !“ 
and the recovery of tin from hardhead.'* The tin in Bolivian ores and 
concentrates was reduced to stannous oxide and then converted to 
stannous chloride by treatment with gaseous mixtures of hydrogen 
and hydrogen chlorides at 520° to 565° C. Approximately 95 per- 
cent of the tin was converted to volatile chlorides. The iron content 
of hardhead was decreased from 16 to 0.06 percent by blowing air 
into molten hardhead, followed by filtration. Tin recovery was over 
90 percent. In other experiments mercury was used to leach tin 
from hardhead. Subsequent electrolytic refining resulted in a tin 
SE that was 99.9 to 99.99 percent tin. Recovery of tin was as 

igh as 81 percent. 
esearch on the production and use of thin tinplate continued 
during the year. Thin tinplate with weights ranging from 45 to 60 
ounds per base box was produced for the canning industry." 

ethods and economic factors of rolling tinplate to a weight of 40 
pounds per base box were discussed." 

Superconducting magnets that had zero electrical resistance in 
magnetic fields up to 88,000 gauss were made from columbium-tin 
compounds.” Electromagnets made from these compounds and 
operated at about minus 268° C did not consume electrical energy 
once the magnetic field was established, even while carrying electrical 
currents up to 3,000 amperes. In comparsion, a magnet using copper 
as a conductor would consume 1.5 megawatts of electric power. 

The Tin Research Institute reported on studies on uses of tin. 
These reports covered the addition of tin to cast-iron tinplate organo- 
tin for fungicidal paints and as an antifouling agent, and tin-base 
bearings and solders.?? 


10 Ingham, F. T., and E. F. Bradford. Geology and Mineral Resources of the Kinta Valley, Perak 
Federation of Malaya Geol. Survey District Memoir 9, 285 pp. 

11 Stanton, R. E., and Alison J. McDonald. Field Determination of Tin in Geochemical Soil and Stream 
Sediment Survey. Inst. of Min. and Met. Bull., v. 71, No. 659, pt. 1, October 1961, pp. 27-29. 

n McDermott, E. K., and G. St. J. Oxley-Oxland. Tin Miningin South Africa. The Seventh Common- 
wealth Min. and Met. Cong., South Africa, Apr. 10-May 20, 1961. 7 pp. 

8 Kershner, K. K., F. W. IToertel, and A. A. Cochran, Volatilization of Tin Chlorides From Bolivian 
Low-Grade Ores and Concentrates. Bu Mines Rept. of Inv. 5811, 1961, 16 pp. 

14 Sullivan, P. M., and D. H. Chambers. Recovery of Zinc from Dross and Tin From Hardhead by 
Amalgam Electrolysis. BuMines Rept. of Inv. 5827, 1961, 18 pp. Wilson, D. A., and P. M. Sullivan, 
Recovering Tin From Hardhead by Selective Oxidation of Iron. BuMines Rept. of Inv. 5756, 1961, 17 pp. 

15 Tin (London). Thin Tin A New Development in Packaging. March 1961, pp. 57-59. 

u Stone, Morris D. The Rolling of Ultra-Thin Tin Plate. Iron and Steel Eng., v. 38, No. 6, June 1961, 


pp. 67-77. 

V Tin (London). Remarriage of Niobium and Tin Leads to Superconducting Magnets—Key to Cheap 
Power From Nuclear Fusion. August 1961, pp. 193-195. 

18 Quarterly Journal of the Tin Research titute. Tin and Its Uses. No. 51, 16 pp., No. 52, 16 pp., 
No. 53, 16 pp., 1961. 


Titanium 
By John W. Stamper * 
KN 


ONSUMPTION of ilmenite in the United Siates reached a record 
C peak in 1961, and the gross weight production of titanium pig- 
ments, which traditionally utilized over 95 percent of all ilmenite 
concentrate produced, was 6.5 percent above 1960 output, nearly equal 
to the record high level of 1959. Rutile output was up 3 percent to 
9,000 tons but shipments dropped 19 percent. However, owing chiefl 
to an increase in requirements for making titanium sponge metal, 
consumption of rutile increased 22 percent. 

Production and consumption of titanium ingot increased signifi- 
cantly for the third successive year and resulted in & near record 
output of 5,600 tons of titanium mill products. The use of titanium 
metal as & basic material of construction for the spacecraft used in 
America’s first manned orbital space flight, dramatically illustrated 
the degree of technical reliability achieved in fabricating and joining 
the metal. 

World output of ilmenite and slag reached a record 2.3 million 
tons, as increased production in Australia, Canada, and Norway more 
than offset a sharp decline in production in India. World rutile out- 
put also was at a high level, 12 percent above the 1960 figure. The 

ginning of commercial utilization of rutile for making titanium 
dioxide pigment by the chloride process in the United States 
foreshadowed a significant future increase in demand for rutile. 

New titanium diode (TiO;) producing facilities in the United 
States and foreign countries were installed, and additional expansion 
programs to meet increased domestic and foreign demand for titanium 
pigments were announced during the year. 


LEGISLATION AND GOVERNMENT PROGRAMS 


The U.S. Department of Agriculture, Commodity Credit Corpora- 
tion (CCC) continued to barter surplus agricultural products for 
titanium sponge metal from Japan. Government cash commitments 
under Defense Production Act (DPA) contracts for delivery of rutile 
and other materials, which would be surplus to maximum stockpile 
objectives, were reduced by converting the contracts to barter, and the 
Government acquired rutile from Australia under this program. 


1 Commodity specialist, Division of Minerals. 
1239 
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TABLE 1.—Salient titanium statistics 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 

ilmenite concentrate:! 

line shipments short tons..| 575,033 | 782,975 | 565, 164 637,263 | 789, 20 72. R29 
Ir. en thousands. 89, 418 321. 802 $11, 155 $12, 106 $14, 655 $13, 33 
E Imports 22 short tons..| 291,659 460, 353 348, 144 371,687 265, 645 195, «36 
Consumption do....| 731,298 840, 719 731,424 917, 747 865, 080 923, 147 


Titanium slag: Consumption...do....| 99,195 | 116,465 | 117,581 | 143,329 | 120, 492 130, 184 
Rutile concentrate: 


Mine shipments do.... 8, 380 10, 644 ], 863 8, 648 9, 433 7, 664 
Value thousands. -]! 31, 032 81.544 $210 77 $579 $773 
Imports short tons. ] $23,778 84. 837 36. 563 23. 228 29. 235 27, 497 
Consumption do....| 26,953 53, 393 21. 677 23, 741 24, 229 29, 548 
Sponge metal: 
Produc*ion................- do.... 6, 136 17, 249 4, 585 8, 808 5,311 6,727 
Imports for consumption...do.... 569 3, 532 2,073 1, 563 2, 231 2. 490 
Consuinption.............. do....| 45,805 8,221 4, 147 3, 953 5, 487 6, 991 


Price: Grade A-1, Dec. 31 
per pound.. $3.91 $2. 25 $1.82 $1. 60 $1. 60 $1. 60 
World production: 


Ilinenite concentrate short tons. .I, 302, 600 |1, 072, 200 |1, 710, 300 |1, 936, 900 |2, 204. 8N0 | 2,313. 300 
Rutile concentrate do. 71, 100 156, 200 103, 200 | 106, 400 114, 200 125. 300 
Sponge metal do 7, 828 22, 300 7, 700 7, 900 9, 200 9, NJ) 


Includes a mixed product containing rutile, leucoxene and altered ilmenite. 

2 Includes titanium slag. 

3 Includes 109 tons rutile content of zirconium ore as reported to the Bureau of Mines by importers. 
4 1954-56 only. Data for previous years not available. 


DOMESTIC PRODUCTION 


Concentrates.— Production of 782,000 tons of ilmenite was slightly 
less than the 1960 output. Mine production of rutile increased 3 
percent, but shipments declined 19 percent. 

Output of ilmenite was reported by the der Ee companies: Amer- 
ican Cyanamid Co., Piney River. Va.; E. I. du Pont de Nemours & 
Co., Inc., Starke and Lawtey, Fla.; Metal & Thermit Corp., Beaver 


THOUSANO SHORT TONS -ESTIMATED TIO: CONTENT 


600 amm 
s | 

i E 
Tepic elm T Po Rn CEREREM HAE a a de eee 


d] EY — i ets x 
i i LAT. 
300 SE i es 


á M EEN — Mo — m AMA ne 
d ae ! 
: ` . ; 


Consumption SE . DIN" Een 8 
d: . imports M sv. 


19 41 1943 


Fro un 1.—Domestic production, imports, and consumption of ilmenite (includes 
titanium slags and mixed product), 1941-61. 
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Dam, Va.; National Lead Co., Tahawus, N. V.; Titanium Alloy Manu- 
facturing Division, National Lead Co., Skinner, Fla.; and The Florida 
Minerals Co., Vero, Fla. The J.R. Simplot Co. and Porter Brothers 
Corp. shipped 1,900 tons of ilmenite from stockpiles at Boise and 
Lowman, Idaho. 

Rutile producers were as follows: Metal & Thermit Corp., Beaver 
Dam, Va.; Titanium Alloy Manufacturing Division, National Lead 
Co., Skinner, Fla.; and The Florida Minerals Co., Vero, Fla. 

he Glidden Co. was expected to begin production of ilmenite from 
its mine at Lakehurst, NJ. early in 1962. The mine and concentrat- 
ing plant were described in a report which is discussed in the 
technology section of this chapter. 

Metal.— Production of titanium sponge metal was 6,700 tons com- 

ared with 5,300 tons in 1960. Consumption of titanium sponge and 
ingot increased 27 and 11 percent, respectively. 
ommercial producers of titanium sponge were as follows: E. I. du 
Pont de Nemours & Co., Inc., Newport, Del.; Reactive Metals, Inc., 
Ashtabula, Ohio; and Titanium Metals Corp. of America (TMCA), 
Henderson, Nev. Du Pont and TMCA used magnesium to reduce 
5 tetrachloride to titanium metal; Reactive Metals used 
sodium. 


THOUSAND SHORT TONS-ESTIMATED TiOo CONTENT 
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FicUunE 2.—Domestic production, imports, and consumption (excluding consump- 
tion (1961) for making TiO» pigments) of rutile, 1941-61. 
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TABLE 2.—Production and mine shipments of titanium concentrates from domestic 
ores in the United States 


Shipments 
Production, 
Year short tons 
(gross Short tons Short tons, Value 
weight) (gross TiO; (thousands) 
weight) content 
Ilmenite ! 
1952-56 (average 571, 599 575, 033 295, 765 $9, 418 
)U Ly EE 757, 180 782, 975 407, 107 21, $02 
UE OM CE 563, 338 565, 164 207, 021 11,155 
A E EE 634, 886 637, 263 342, 746 12, 106 
ü ³ĩðVͤvy ĩð u 8 786, 372 789, 283 417, 202 14, 655 
NOG) eo E A ae ees 782, 412 782, 620 410, 254 13, 320 
Rutile 

1052-56 (averaze)...........-....--- cle cree ea 8, 374 8, 380 7, 819 1, 092 
))))ͤͤ A A be oe Bees 10, 702 10, 644 10, 025 1, 5H 
// AS u A a tuees 7, 406 1, 863 1, 804 210 
r.. E AA AAN 9, 466 8, 648 8, 148 677 
0! 8 8, 808 9, 433 9, 065 879 
BEE 9, 045 7, 664 7, 281 78 


1 Includes a mixed product containing rutile, leucoxene and altered ilmenite. 


Titanium melters were: Harvey Aluminum, Inc., Torrance, Calif.: 
Reactive Metals, Inc., Niles, Ohio; Oregon Metallurgical Corp., Al- 
bany, Oreg.; Crucible Steel Co. of America, Midland, Pa.; Republic 
tie Corp., Massillon and Canton, Ohio; and TMCA, Henderson, 

ev. 

Oregon Metallurgical Corp. produced ingots and castings. The 
other companies produced and processed ingots into mill products 
such as sheet, strip, plate, forging billets, and bars. Harvey 
Aluminum, Inc., produced titanium castings in addition to other mill 
products. Ladish Co., Cudahy, Wis., processed ingots into forged 
products. 

TABLE 3.—Titanium-metal data 


(Short tons) 


1957 1958 1959 1960 1961 

Bponge metal: 

Fü ist 17,249 4,585 3, 898 5,311 6, 727 

Imports for consumption 3, 532 2,073 1, 563 2, 231 2. 440 

Industry stocks RW k‚kUm n 2. 800 1, 000 1,100 1,100 1.2 

Government stocks (DPA inventories) .......... 19, 821 22, 463 22, 474 22, 474 22, 451 

COnsum Oé WEE 8, 221 4,147 3, 953 5, 487 6. 991 
7 consumption 1. 713 1. 336 1. 690 2, 027 2, 501 

got: 

ii A el eege 10, 009 5, 408 6, 017 8, 297 9. 371 

G O AN 10, 428 4,971 5, 964 7,918 & N. 
Mill shape Droductlon. Ll l.lll...- 5, 658 2, 594 8,211 3 5,071 5,621 


3 Includes alloy constituents. 
3 Revised figure, 


The Babcock & Wilcox Co., Beaver Falls, Pa., and the Wolverine 
Tube Division of Calumet & Hecla, Inc., Allen Park, Mich., produced 
titanium pipe, tubing and extrusions, 

TMCA began construction of a $2 million tube mill at its Toronto, 
Ohio, titanium rolling plant. The tubing facilities, which will pro- 
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duce seamless and welded tubing in diameters up to 3 inches and in 
lengths up to 30 feet, were expected to be on stream by early 1962. 
Reactive Metals also was expanding its titanium mill products line by 
adding a tubing mill to its Niles, Ohio, plant. ^ Harvey Aluminum 
planned to pue & new bar and rod rolling mill in operation at its Tor- 
rance, Calif., plant.* Wu 

Pigments.—On a gross-weight basis, production of titanium dioxide 
pigments increased 6.5 percent and shipments increased 1 percent above 
the levels of 1960. Data on domestic production and shipments in 
table 4 are based on T1O, content. 

Titanium pigments were produced by the following companies: 

erican Cyanamid Co., Piney River, Va., and Savannah, Ga.; The 
Glidden Co. Baltimore, Md.; E. I. du Pont de Nemours & Co., Inc, 
Edge Moor, Del., Baltimore, Md., and New Johnsonville, Tenn.; Na- 
tional Lead Co., St. Louis, Mo., and Sayreville, N.J.; and The New 
Jersey Zinc Co., Gloucester City, N.J. 

New Jersey Zinc completed expansion of its Gloucester City, N.J., 
titanium dioxide plant to a reported 46,000 tons a year—about double 
its previous capacity. 

Du Pont announced it was considering the construction of a titanium 
dioxide plant on the West Coast using the chloride process, which 
was used at the company’s plant in New Johnsonville, Tenn., and Edge 
Moor, Del. 


TABLE 4.—Titanium pigment data (TiO, content) 
Shipments ! 


Production 
Year (short tons) 


Quantity | Value, f.o.b. 
(short tons) | (thousands) 


1952-56 (average) .......- 2. ne eee ween 379, 001 369, 288 $177, 651 
1957 


ß) % ͤ0 x ee 456, 610 399, 476 213, 761 
1953s. ² ] ͥ ⁵ 403, 867 425, 765 231, 888 
A . . AN 506, 334 481, 930 259, 944 
r d ß EI Gos 3455, 583 468, 228 252, 835 
71!!! ³⅛ AA ⁰⁰ 502, 879 (3) 3) 

Includes interplant transfers. 
2 Revised figure. 
3 Data not available. 


SourckE: Facts for Industry and Current Industrial Reports series, M19A and M284A, Inorganic Chemi- 
cals, (een jointly by the Bureau of the Census and the Business and Defense Services Administration, 
U.8. Department of Commerce. 


Because of increasing demand for titanium dioxide several domestic 
companies were interested in entering into its production for the 
first time.* 

Welding-Rod Coatings.—A total of 216,000 tons of welding rods con- 
taining titaniferous materials in their coatings was produced. Of 
the total output, 41 percent contained rutile; 19 percent, ilmenite; 17 


® Chemical Weck. Titanium. V. 88, No. 11, Mar. 18, 1961, p. 25. 

3 American Metal Market. Reactive Metals, Inc. Adds Tube Mill. V. 68, No. 37, 
Feb. 24, 1961, p. 14. 

*Kuxela, Ladd. Harvey Sets Ti Bar, Rod Rolling Mill for '62. Metalworking News, 
v. 8, Whole No. 66. Jan. 8, 1962, p. 22. 

s Chemical Week. Behind Titanium Dioxide Buildup. V. 90, No. 17, Apr. 28, 1962, 
pp. 81-88. 

E Age (London). Cabot TiO, Agreement. V. 86, No. 2210, Nov. 18, 1961, 
D. . 
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percent, a mixture of rutile and manufactured titanium dioxide; 14 
percent, manufactured titanium dioxide; and 9 percent, slag. 


CONSUMPTION AND USES 


Concentrates.—Consumption of ilmenite, which is used principally 
for making titanium dioxide pigments, increased 7 percent to 929,000 
tons. Titanium slag consumption, also used chiefly for pigment pro- 
duction, increased 8 percent above 1960. Increased consumption of 
rutile for making titanium tetrachloride for metal production more 
than offset a slight decrease in its use in welding rod coatings; thus, 
overall consumption increased. 

Metal. Titanium sponge consumption increased 27 percent over 1960 
to 7,000 tons. Titanium melters used an average of 530 pounds of 
titanium scrap per ton of ingot produced. Consumption of titanium 
metal, as gaged by mill shape production, increased 11 percent to 5,600 
tons. Increased use of titanium in the chemical process industries 
contributed significantly to total usage; however, the chief use of 
titanium mill products continued to be in aircraft and space vehicles. 


TABLE 5.—Consumption of titanium concentrates in the United States, by products 
(Short tons) 


Ilmenite : Titanium slag Rutile 


Year and product 
Gross | Estimated | Gross | Estimated | Gross | Estimated 
welght TiO: weight T1Os welght TiO: 
content content content 
1952-56 (average) 731, 298 384, 865 99, 195 70, 001 28. 953 25, 492 
1); 8 840, 719 434, 077 116. 465 82. 545 53. 393 50. 870 
///. dtes deas RR epEE 731, 424 379. 765 117, 581 82, 937 21,677 20. 579 
Jö acs eceeaeese 917, 747 476,660 | 143,329 101, 106 23, 741 22, 462 
1960: 
Pigments (mfg. T103) !.......... 884, 794 462,623 | 119,308 BE 251 AA AA 
Titanium metall OI ! K 8. 073 7, 685 
Welding-rod coating 658 390 968 680 13, 406 12, 548 
Alloys and carbide.............. 2, 584 1, 574 (9 WI 377 350 
Ceramics. .............. Llc... 27 TT PA EIE 874 850 
Fiberglass... ooo ( ³oW AA PARO AA 704 685 
Miscellaneous 5................. 17 10 216 158 1, 295 1, 193 
o EE 868, 080 464,614 | 120, 492 85, 095 24, 229 22.942 
1961: 
Pigments (mfg. T1O3)3.......... € 926, 241 495, 745 | 129,292 91, 379 0 (M) 
Titanium metal................ (3) „„ AA DEER 13, 558 12. 917 
Welding-rod coating 542 320 667 468 13, 285 12, 550 
Alloys and carbide.............. 2, 302 1, 410 (4) (4) 346 333 
i 59 %. el 366 342 
Fiberglas J ᷣͤks 8 732 714 
Mlscellaneous ))). 3 2 225 164 1, 261 1,160 
po REENEN 929, 147 497, 514 130, 184 92, 011 29, 548 . 016 


ee a mixed product containing rutile, leucoxene, and altered ilmenite used to make pigments and 
metal. 

3“ Pigments” include all manufactured dioxide. 

3 Included with '' Pigments” to avoid disclosing individua] company confidential data. 

é Included with“ Miscellaneous” to avoid disclosing individual company confidential data, 

§ Includes consumption for chemicals and experimental purposes and losses in grinding. 

* Includes {Imenite that was upgraded to a product containing more than 90 percent TiO; for use in making 
pigments and the losses of ilmenite incurred in upgrading the ilmenite. 

Figure withheld to avoid disclosing individual] company confidential data. 
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The largest single installation of chemical processing equipment 
made of titanium in the United States was reportedly under construc- 
tion in Texas.* Various heat exchangers, condensers, towers, and pipe 
reactors were expected to require 15,000 to 30,000 pounds of titanium 
mill products. 

After extensive laboratory and in-plant testing of titanium metal 
in a variety of corrosive environments, a large chemical company 
concluded that use of the metal offered immediate benefits in reduced 
maintenance, down time, replacement, and other costs for chemical 
processors At one of the SE plants a cast titanium gate valve 
exposed to 17-percent hypochlorous acid solution was in excellent 
condition after more than 3 years’ service. Made from other materials, 
valves in similar use had to be replaced after only 6 to 9 months 
service. 

Platinized titanium electrodes were used for electrolytic chlorine 

roduction in a 15-month plant-scale test conducted by Du Pont. 
igher output and 5 product quality were reported, as well 
as Increased diaphragm life.“ 

Imperial Chemical Industries, Ltd. (ICI), London, England; 
Magneto-Chimie, N. V., Schiedam, Netherlands; Engelhard Indus- 
tries, Newark, N..; and Amalgamated Curacao Patents Co., Curacao, 
Dutch West Indies, reportedly agreed to pool their appropriate patents 
to develop the use of titanium anodes coated with platinum or a sim- 
ilar metal. Largest potential use for the anodes is 1n electrolytic cells 
producing chlorine from brine.? 

Other electrochemical applications of platinized titanium and dis- 
cussion of possible benefits derived from its use were given in other 
reports.” 

An additional use of titanium in the electrochemical industry was 
for baskets to contain nickel anode materia] in nickel-plating baths. 
Use of the baskets permitted the nickel anode material to be com- 
pletely used. Formerly the partially spent anodes had to be replaced. 

Significant applications for titanium in the chemical industry in- 
cluded heat exchangers in chlorine production,” exhaust fans handling 
acid chloride fumes,’ and submerged pumps handling 99.8 percent 
nitric acid.“ 

Trends in aeronautical applications of titanium, pertinent design 
criteria, available titanium products, fabrication, and estimates of 
future consumption were discussed.!“ The report gives the following 


chemical Processing. Titanium Catches on in CPI. V. 24, No. 10, October 1961, 
Pr; Pittsburgh Plate Glass Company. Chemicals. V. 4, No. 1, 1961, pp. 18-20. 
8 Chemical Age (London). Better Yield and Chlorine Product Reported with Du Pont’s 
Platinised Ti Anodes. V. 85, No. 2179, Apr. 15, 1961, p. 624. 
9 Chemical and Engineering News. International. v. 39, No. 88, Sept. 18, 1961, p. 40 
10 Crucible Stee] Company of America. Titanium Review. V. 9, No. 2, July 1961, 3 pe: 
American Metal Market. Englehard Says Platinum-Titanium Electrode Cuts Chlorine 
Cost. V. 68, No. 220, Nov. 27, 1961, PP. 2, 14. 
11 Metal Progress. From Here and There. V. 80, No. 1, July 1961, p. 10. 
American Metal Market. Titanium Baskets Hold Spherical Nickel Anodes in New 
Plating Method. V. 68, No. 115, June 16, 1961, p. 14. 
12 Chemical Engineering. Titanium Exchangers Defy Chlorine. V. 68, No. 15, July 
24, 1961, pp. 170, 172, 174. 
13 Steel, Other Fans Failed, Titanium Holds Up. V. 149, No. 18, Oct. 30, 1961, p. 59. 
14 Chemical Age (Penden), Use of Titanium in New Submerged Nitric Acid Pump 
Gives Longer Life Says 1.C.I. V. 85, No. 2185, May 27, 1961, p. 850. 
15 Defense Metals Information Center, Battelle Memorial Institute, Columbus, Ohio. 
Titanium in Aerospace Applications. Memorandum 133, Oct. 24, 1961, 56 pp. 
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estimated distribution of titanium mill product consumption in 1960: 


Application: Bee SCH 
Mine e D d EE 65 
Commercial aircraft 4̃„ ̃ „11 == 13 
Missiles and space vehicles 22222222 17 
CHeEMICH AAA AS EN A 3 
IE E O 2 


According to the report, Ti-6Al-4V and Ti-5A1-2.5Sn dominated 
alloy consumption because of their extensive use in jet engine com- 
pressors, the major end-use of titanium. Two sheet alloys, Ti-8Mn 
and Ti-2Fe-2Cr-2Mo, were used extensively in airframes. Newer alpha 
alloys such as Ti-7A1-4Mo and the beta alloy Ti-13V-11Cr-3AI alloy 
were used less extensively, but were considered to have a large poten- 
tial. Consumption of other alloys also was discussed. 
Pigments.—Consumption of titanium pigments, based on 

weight and using shipments as a gage, increased 1 percent above 1960. 
Consumption of pigments not separately classified in table 6 included 
use in ceramics, roofing, siding, gems, titanium chemicals, and plastics. 


TABLE 6.—Distribution of titanium-pigment shipments, by industries 


(Percent)! 
Industry 1952-56 1957 1958 1959 1960 1961 
(averare) 
Distribution by gross weicht: 

Paints, varnishes, and lacquers....... 66. 6 64.9 65.8 64.8 65. 1 63.4 
„ß O p.4 10.9 11.5 11.7 11.3 12. 5 

Floor coverings Qinoleum and felt 
Ws eee see A ceed 4.6 4.1 5.0 4.9 48 4.5 
Rubber 3.2 3. 6 3. 9 4.2 40 4.1 

Coated fabrics and textiles (oílcioth, 
shade cloth, artificial leather, ete.) 2.4 3.2 2.9 3.1 28 3.3 
Printing lnc EE 1.2 1.4 1.5 1.7 1.3 1.6 
Att.. 8 12. 6 11. 9 9. 4 9. 6 10. 7 10. 6 
!!!! ³ð A d 100. 0 100. 0 100. 0 100.0 100. 0 100. 0 

Distribution by titanium dioxide content: 
Paints, varnishes, and lacquers....... A8 8 57.7 59. 1 58. 2 58. S $7.0 
EE des dame. ces 13. 1 14.2 15.2 15.1 14. 6 15.7 

Floor coverines (linoleum and felt 
DAL a 5.3 5.0 6.4 6.3 6.2 5.6 
O S cease ae Mule A d 4. 2 4.6 5.1 5.4 4. 9 $9.1 

Coated fabrics and textiles (ollcloth, 
shade cloth, artificial leather, etc.) 3.1 4.1 3.7 3.9 3.5 4.1 
Finn erter 1.7 19 1.9 2.2 1.7 20 
CGE EE 13. 8 12. 5 8.6 8.9 10. 6 10. 5 
TO ĩð2¹0 ⁵ĩ 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 


1 Data based on figures supplied to the Burcau of Mines by producers. 


STOCKS 


Industry stocks of rutile increased slightly and represented nearly 3 
years’ supply at the 1961 rate of consumption. Government stocks of 
rutile totaled 47,782 short tons of which 18,599 tons was in the Na- 
tional (strategic) stockpile, 17,559 tons was in Defense Production Act 
(DPA) inventories, 10,133 tons was in the supplemental stockpile, and 
1,198 tons was in CCC inventories. Ilmenite and titanium slag stocks 
decreased. Yearend stocks of titanium sponge held by producers, melt- 
ers, and semifabricators totaled 1,100 tons, about the same as 
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at the end of 1960, and represented a 2 months’ supply at the 1961 con- 
sumption rate. An additional 31,007 tons was hold in Government 
stockpiles—22,461 tons in DPA inventories; 900 tons in CCC inven- 
tories and 7,646 tons in the supplemental stockpiles. 

Titanium metal scrap held by melters and semifabricators decreased 
from 3,600 tons at the beginning of 1961 to 3,300 tons at yearend. 


TABLE 7.—Stocks of titanium concentrates in the United States, December 31 
(Short tons) 


Ilmenite Titanium slag Rutile ! 


Year and stocks 
Gross TiO, Gross TiO? Gross TiO, 


weight content weight content weight content 
estimated estimated estimated 

1959: 
Mil EE 2 33,515 215,537 A AM 6, 444 2 5,851 
Distributor 114 ));Üöͤͤ 8 3. 524 3. 367 
Consumer 679, 527 355, 365 155, O11 109, 507 66, 422 63, 081 
Pil A 2 713, 156 2 370, 970 155,011 109, 507 76, 390 2 72.299 

1960: 
MING EE 30, 650 1149249 AA AA 5,819 2 5,474 
Distributor 3. 632 1.59888 5,417 5, 177 
Consumer, 745, 202 387. 679 132. 621 93, 700 66, 545 62, 946 
DEE A ³· A 779, 484 2 403, 910 132, 621 93, 706 77, 781 2 73, 597 

1961: 
Mill 8 30, 954 14,379 |..........].........-.. 7, 200 6.776 
Distrhukar,-,‚,‚t?? 303 IT. EEN 3. 434 3. 286 
Consumerrk!rkrr 675, 052 351, 862 130. 916 92. 436 68. 524 64. 699 
oer ĩð ei aan 709, 309 366, 418 130, 916 92, 436 79, 158 74, 761 


1 In addition, on Dec. 31, 1961 Government stocks of rutile totaled 47,782 short tons of which 18,599 tong 
was in the national (strategic) stockpile; 17,552 tons was in Defense Production Act inventorics; 10,433 Long 
was in the supplemental stockpile; and 1,198 was in CCC inventories. 

2 Revised figure. 


PRICES 


Concentrates.—The price quoted for ilmenite in E£MJ Metal and 
Mineral Markets remained unchanged in 1961 at $23 to $26 per long 
ton (59.5 percent TiO, f.o.b. Atlantic seaboard). 

The price of rutile (94 percent TiO, f.o.b. Atlantic seaboard) 
quoted be E&MJ Metal and Mineral Markets also was unchanged 
during the year at $80 per short ton. 

Manufactured Titanium Dioxide.—The prices of rutile and anatase 

ades of manufactured titanium dioxide pigment and calcium-rutile 

ase titanium pigments were unchanged. Some reduction of the base 
price was given to purchasers of large lots. The following prices were 
quoted in Oil, Paint and Drug Reporter at yearend: 


Price Per Pound 


Anatase, chalk-resistant, regular and ceramic, carlots, delivered $0. 25% 
Less than carlots, delivered-.----------------------------------- . 2614 
Rutile, nonchalking, bags, carlots, delivered East . 21% 
Less than carlots, delivered East . 2816 
Titanium pigment, calcium-rutile base, 30 percent TiO;, bags, carlots, 
rf eo mae uc A AO é . 09% 
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Metal— Prices per pound for titanium sponge metal, quoted in 
E&MJ Metal and Mineral Markets were unchanged during the year 
at $1.60 for Grade A-1, and $1.50 for Grade A-2. 

Quoted prices of titanium rod declined. Prices of other mill shapes 
of commercially pure titanium were unchanged. Prices per pound 
of mill shapes (f.o.b mill, commercially pure grades, in lots of 10,000 
pounds) were quoted as follows: 


Price 

Sheet: Jan. 1 to Dee. ...? d $7.25 to $8. 00 
Strip: Jan. 1 to Dec. 31-2 6.75 to 7.50 
Plate: Jan. 1 to. Dec. E cosacos citada 5.25 to 6.00 
Wire; Jan. 1 to Dec, . ðé T 5.55 to 6.05 
Forging billets: Jan. 1 to Dec. 31 2... LL 2... 2 3.20 to 3.70 
Hot rolled bars: 

Jan: lI to Sepe I. ee Se acumen E ie 4.00 to 4.50 

Sept. I to D ³ðV—e w ees. 3.10 to 3.35 


Ferrotitanium.—Nominal prices at yearend for various grades of 
9 N quoted in E&M Metal and Mineral Markets were as 
ollows: 


Low- carbon: Price 
Titanium, 40 percent; carbon, 0.10 percent maximum............. 51. 35 
Titanium, 25 percent; carbon, 0.10 percent maximum 1. 50 

Medium-carbon : ? 

Titanium, 17 to 21 percent; carbon, 3 to 5 percent 300 

High carbon: 

Titanium, 15 to 19 percent; carbon, 6 to 8 percent 250 


1 Price per pound in 1-ton lots or more, lump (14 inch, plus), packed; f.o.b. destination 
Northeastern United States. 
2 Price per short ton, carload lots, lump, packed; f.o.b. destination Northeastern United 


States. 
FOREIGN TRADE '* 


Imports.—Imports of ilmenite and titantum slag dropped 26 percent 
to 196,000 short tons. Slag containing 70 percent titanium dioxide 
was imported from Canada. Rutile imports decreased 6 percent to 
27,000 tons; Australia, as in past years, was the chief source. 

Imports of titanium sponge metal were 2,490 tons. Titanium in- 
cluded 1,765 tons of metal imported from Japan under the CCC 
barter agreements. About 60 tons of metal was imported from 
Canada and classified free under certain public laws (scrap). About 
44 tons also was imported from the United Kingdom under this cate- 
gory. The remainder was from Japan and was dutiable. 

Imports classified by the Bureau of the Census as “Titanium Potas- 
sium Oxylate and All Compounds and Mixtures Containing Tita- 
nium,” which are virtually all titanium dioxide pigments, were 9,022 
tons in 1961, compared with 6,184 tons in 1960. Most of the material 
under this classification came from Japan, France, West Germany, 
the United Kingdom, and Italy. 

Exports.—Titanium dioxide and pigment exports declined for the 
fifth straight year. Canada, as in past years, was the destination of 
most of the pigments, accounting for 15,987 tons. Other countries 
that received 1,000 tons or more were as follows: Philippines, 2,200; 


16 Figures on imports and exports compiled by Mae B. Price and Elsie D. Jackson, 
Division of Foreign Activities, Bureau of Mines, from records of the U.S. Department of 
Commerce, Bureau of the Census. 
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TABLE 8.—U.8. imports for consumption of titanium concentrates, by countries 


Country 1952-56 1957 1958 1959 1960 1901 
(average) 
Ilmenite: 
Australla........... short tons.. S 22. 736 47. 417 33. 089 35, 262 
Canada 3................. do 129, 705 217. 762 112. 874 157. 296 104, 213 115, 808 
ais do.... 156, 123 210, 279 212, 479 167,074 128, 313 44, 666 
Malaya, Federation of....do.... 5,773 2,210. A A A swiss acu 
Other countries do.... 8 33 55: AAA IA 8 
Tc do 291, 659 460. 353 318, 144 371, 687 265, 645 195, 836 
Value gw 385,832, 780 |1$10,316, 853 88. 766, 391 1$7, 991, 208 188 066, £02 |$4, 603, 689 
Rutile: 
Australia short tons.. 23, 766 84, 743 36, 507 22, 054 27, 847 26, 047 
Union of South Africa do. La cr ele 274 L 358 1, 450 
Other countries do.... 12 94 66 A 00: A 
Pe! do 4 23, 778 84, S37 36, 563 23, 228 29, 235 27, 497 
Ill! -22.----.-.-- $2, 795, 148 |$11, 843, 295 |$4, 512, 937 |$2, 943, 258 |$3, 610, 616 |$2, 544, 312 


! Classified as '*ore'' by Bureau of the Census. 

2 Chiefly titanium slag averaging about 70 percent T1Os. 

1 Data known to be not comparable with other years. 

‘Includes 109 tons rutile content of zirconium ore as reported to Bureau of Mines by importers. 


Source: Bureau of the Census. 


Italy, 1,700; Japan, 1,600; France, 1,500; and the Netherlands, 1,100. 

Exports of 1,436 tons of titanium ores and concentrates included 
800 tons to Canada, 220 tons to the United Kingdom, and 200 tons to 
Hong Kong. Small quantities were sent to Mexico, Columbia, Chile, 
Uruguay, Argentina, Israel, Philippines, and Japan. 

For the sixth successive year exports of titanium sponge and scrap 
increased significantly over the previous year. Of the 886 tons 
exported, 654 was sent to the United Kingdom; 138 to West Germany; 
52 to France; and the remainder to Sweden, Canada, the Nether- 
lands, Austria, Japan, Poland, Switzerland, and Spain. Exports of 
titanium metal products declined 10 percent to 384 tons. Most of the 
titanium products (345 tons) went to Canada. West Germany 
received 19 tons, and nearly all of the remainder went to France, 
Italy, and the Netherlands. Of the 212 tons of ferroalloys exported, 
Canada received 207 tons; Colombia, Norway, Belgium-Luxembourg, 
and Italy received the remainder. 


TABLE 8.—U.8. exports of titanium products, by classes 


Ores and Metal and Primary forms Dioxide and 
concentrates | alloys in crude n.e.c.? Ferroalloys pigments 
form and scrap ! 
Yoar See EE AAA A 
Short | Value | Short | Value | Short | Value Short | Value | Short Value 
tons tons tons tons tons 
1952-56 
(average) 1,176 |$182, 510 167 |$249, 384 160 |$2, 788, 121 258 | $78, 164 151, 675 [$17, 835, 942 
1957 APA 2,019 | 276, 472 71 77, 629 779 | 9, 404, 232 367 | 130,046 152, 960 | 19, 687, 188 
1958. . 1,246 | 172, 481 97 | 172, 285 336 | 5, 227, 932 323 | 138, 431 [37,016 | 11,346, 651 
1959 4, 656 | 289, 507 496 | 543, 104 499 | 5,161,07 321 | 145,621 [36, 282 | 10, 558, 287 
19600 1,260 | 166, 685 879 | 868, 846 426 | 3, 237, 949 245 | 157, 419 133, 655 | 10, 000, 884 
l 1, 436 | 190, 480 886 | 926, 783 384 | 2, 702, 322 212 | 93,389 |31, 104 | 9,215, 839 


Beginning Jan. 1, 1955, classified as spongo and scrap. 
2 Beginning Jan. 1, 1955, classified as intermediate mill shapes and mill products, n.e.c. 


Source: Bureau of the Census. 
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WORLD REVIEW 


United States continued to be the free world’s principal source and 
consumer of ilmenite, and the chief market for rutile. Asin preceding 
years Australia was the leading rutile producer, accounting for 88 
percent of the world total. Expansion of titanium dioxide pigment 
capacity was reportedly planned in France, Brazil, Argentina, and 
Spain, As discussed under Domestic Production several United 
States companies also planned expansion of TiO, production capacity. 


TABLE 10.—World production of titanium concentrates (ilmenite and rutile) by 
countries 


(Short tons) 
Country 1952-56 1957 1958 1959 1960 1961 
(average) 
Ilmenite: 

Australia (shipments). ......... 1, 193 79, 694 78, 342 93, 606 13M, 007 1m 312 
/ oce sadi M Ei. 140, 600 269, 690 161, 312 270, 477 389, 556 463, 362 
COS TON DEE, A A ⁵ A 6. 720 11.199 
p e rM ERE 4 53, 268 116, 568 117, 384 94. 906 2. 219 21.2 
Gambia.............--...-.2..- 5 406 15, 297 31. 851 14-553 EE —— 
e EEN 283,815 331.768 346, 200 334, M4 275, 575 191. sp 
Japan (titanium slags) 2 4, 246 8, 998 3, 932 3, 445 1, 444 1,778 
Malagasy Republic (Mada- 

S/ A AN AA 1,151 659 3, 008 3.490 
Malaya, Federation of (exports). 60, 292 102, 742 83, 8/06 81, 593 132, 255 119, 512 
Mex o cu dao „„ TT... ⁰ 
Maat A PA cue «mE dae uS 11, 400 „ 
EE A wes NONSE S 164, 003 231, 693 233, 585 249, 27 255, 643 347.500 
Pierer 8 666 353 506 2,113 1.02 11.100 
Senegal.........-.-...-......... 14. 611 39, 57 36, 027 32,941 24,159 7 17. X60 
l ³˙ AAA 3, 547 9, 7:6 18, 161 8,113 12, ?67 7 31, 600 
Fi!!! $ 286 2, 039 922 Cf! dE 
Union of South Africa 4 916 3, 120 29. 611 87, 232 90, 431 99, 009 
United Arab Republic (Egypt 

Region 3. 026 ? 3, 700 7 3,000 17, 100 13. 200 733.000 
United States 22.2222 571. 599 757,180 563. 338 634. 856 786, 372 782. 412 

World total ilmenite (esti- 

mate) ! 3 estate iere aere Sek 1,302,600 | 1,972,200 | 1,710,300 | 1,936,900 | 2,204,800 2. 313, 300 

Rutile: 

e 62, 0S0 144. 372 93, 327 91. 731 99. 26^ 113, 344 
A o wl dicus Redes 130 270 269 231 238 TOM 
Carneroun.....................- 132 % EE, 8 
e Sect A 234 530 503 42y 1,032 893 
Nord 18 ) ] o˙ www AN 
Sennen ee wel Eege 136 243 IE lt loses ˙ A |f? 
Union of South Africa 32 552 3, 381 3, 695 3, 483 
United Arab Republic (Egypt 

o ME, AA WEE EE 1,157 7 1. 100 7 1. 100 
United States 8. 374 10. 702 7. 406 9. 466 8, S08 9. 045 

World total rutile (esti- 

TBO) A our e eene vex E wA ERE 71, 100 156, 200 103, 200 106, 400 114. 200 128, 300 


t In addition to the countries listed, titanium concentrates are produced in U. S. S. R., and Brazil produces 
Umenite, but no reliable figures are available; no estimates are included in the total. 

3 This table incorporates some revisions, Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Chiefly titanium slag containing approximately 70 percent TiOs, 

4 Average annual production 1953-56, 

Average annual production 1954-56, 

* Average annual production 1955-56, 

? Estimate, 

* One year only, as 1956 was the first year of commercial production. 

* Includes a mixed product containing ilmenite, leucoxene, and rutile, 


Compiled by Pearl J. Thompson, Division of Foreign Activities, 
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NORTH AMERICA 


Canada.—According to the Department of Mines and Technical] Sur- 
veys* commercial production and fabrication of titanium mill 
products and forgings from imported ingots and billets were carried 
out by the following Canadian companies: Canadair Ltd., Montreal, 
Quebec; Atlas Titanium Ltd., Welland, Ontario; Thompson Products 
Ltd., St. Catharines, Ontario; and Canadian Steel Improvement Ltd., 
Toronto, Ontario. In 1960 Atlas Titanium Ltd., reportedly began 
installation of a reactive metals research laboratory, and a vacuum- 
consumable-arc furnace that would melt ingots up to 30 inches in 
diameter by 96 inches long. Much of the Atlas Titanium production 
was material converted for U.S. companies. Macro Division of Ken- 
nametal, Inc., Port Coquitlam, British Columbia, made tungsten- 
titanium carbide and titanium-carbide powder for use in cemented- 
carbide alloys. 


TABLE 11.—Quebeoc Iron & Titanium Corp. smelting operations 
(Short tons) 


1952-56 
(average) 


Ore smelted ..........-.-..--.----.-- 
Titanium slag produced 
Estimated TiO; content 
Value of slag produced.............. „740, 
Desulfurized iron produced 2, 117, 878 


1 Data not available. 


Operating all eight of its furnaces at Sorel, Quebec, Quebec Iron & 
Titanium Corp., (QIT) produced a record of 463,400 short tons of 
titanium slag—20 percent above 1960 output. Technical improve- 
ments and the installation of a 50,000-kva transformer to be completed 
in 1962, were expected to raise annual total slag capacity to 511,000 
tons.!* 

SOUTH AMERICA 


Argentina.—Titanit Compania Industrial de Pigmentos y Afines was 
constructing new facilities at à plant near Buenos Aires to increase 
titanium dioxide capacity to 15,000 tons a year by 1966.“ 

Technical assistance in developing the plant was reportedly obtained 
by a royalty agreement from Laporte Titanium Ltd., of England. 

Brazil.— Two United States companies, National Lead and Du Pont, 
announced plans to participate in construction of titanium dioxide 
Dee plants. National Lead and Companhia Brasileira de Pro- 

uctos (Quimicas Copebras planned to build a US$8 to $10 
million plant near Cubatão, Sao Paulo, and Du Pont do Brasil, S.A., 


17 Schneider, V. B. Titanium, 1960, Review 24. Canada. Dept. of Mines and Tech. 
Surveys, April 1961, 10 pp. 
18 Kennecott Copper Corporation. Ann. Rept., 1961, pp. 13, 14. 
19 Chemical Age (London). Laporte Know-How for Argentine Titanium Oxide Pro- 
ducers. V. 86, No. 2190, July 1, 1961, p. 11. 
Chemical & Engineering News. V. 39, No. 29, July 17, 1961, p. 39. 
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and Industrias Quimicas S.A. were investigating possible sites in São 
Paulo and Bahia.” 

Titanium dioxide had been manufactured in Sao Paulo since 1952 
by Companhia Quimicas Industrial S.A. For some years output of 
this company was limited to a few hundred tons annually; however, 
production increased substantially in 1960 to 1,100 tons and was 
expected to increase again in 1961. 


EUROPE 


Finland.—The new 16,000-ton-a-year titanium dioxide plant at Man- 
tylouoto started production early in 1961. Ilmenite from the Otan- 
maki mine and sulfur pyrites from the Harjavalta Works were used 
in the plant.! 

France. Société Les Produits du Titane, which had expanded its 
titanium oxide productive facilities from 15,000 to 18,000 tons annu- 
ally, planned to increase capacity further to 36,000 tons. Output of 
titanium oxide by Les Produits du Titane and its parent company, 
Fabriques de Produits Chimiques de Thann et de Mulhouse, the only 
producers, increased from 21,000 tons in 1959 to 30,000 tons in 1960.2 

Norway.—National Lead Co. (U.S.A.) announced that an engineer- 
ing investigation to develop a smelting process to produce titanium 
slag from the ilmenite mined by its subsidiary, Titania, A/S, at 
Tellnes, Rogaland County, would be undertaken in cooperation with 
Quebec Iron & Titanium Corp. (QIT) (Canada). Norwegian ilmen- 
ite was shipped directly to European titanium pigment producers.” 

Spain.—Nevin S.A. reportedly was constructing a plant to produce 
titanium dioxide at its lithopone works in the Free Port of 
Barcelona.“ 

Spanish production of titanium dioxide had more than doubled 
since 1957. Production of titanium dioxide and other pigments is 
given in table 12. 


TABLE 13.— Spain: Production of titanium and other pigments 


(Short tons) 
1957 1958 1959 
Titanium diode 2, 460 2, 880 
EE ³ ſſ ͤ ⁵ J 8 9. 780 10. 032 9. 168 
N EE ³W¹ü¹ A ⁰˙¹¹n mur; ee sen m ECT 2. 448 3, 168 63 
ANTI To IIA ³oÜw A 62 70 134 


BovRcz: Sulphur Institute News, Titanium Dioxide. V. I. No. 10, November 1961, p. 5. 


United Kingdom. Production of titanium on metal by Imperial 
Chemical Industries, Ltd., at Wilton, North Yorkshire, the only pro- 
ducer, was estimated at 600 short tons. 


3? Foreign Commerce Weekly. Brazil. V. 66, No. 16, Sept. 18, 1961. 2 24. 
U.S. Consulate General, São Paulo, Brazil. State Department Dispatch 125, Oct. 13, 


1961. 

n Mining Journal (London). V. 256, No. 6561, May 19, 1961, p. 577. 

2 Bureau of Mines, Mineral Trade Notes. V. 53, No. 6, December 1961, v 50. 
P p PI National Lead to Study Titanium Smelting. . 14, No. 1, 

anuary 2, p. 21. 

3 Chemical Trade Journal and Chemical Engineer (London). Spanish Titanium Oxide. 
V. 149, No. 3874, Sept. 1, 1961, p. 480. 
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ASIA 


India.— The 50-year history of the beach sand industry in South 
India was described. Development of the beaches, which contain 
ilmenite, rutile, sillimanite, and monazite, was traced from the dis- 
covery in 1909 to 1960. The technical problems involved and their 
solution, as well as a discussion of the companies involved, and the 
Government's role in developing the beaches were given. , 

Japan.—Output of titanium slag, which is used chiefly in making 
titanium tetrachloride for metal production, increased 23 percent to 
1,778 tons. Hokuetsu Electric Chemica] Industries Co. produced 76 
percent of the total and Nisso Steel Manufacturing Co., Ltd., produced 
the remainder. 

Titanium sponge metal production was virtually the same as in 
1960 (2,516 short tons). Osaka Titanium Co., Ltd., was the 0 
cues accounting for 1,417 tons. Toho Titanium Industry Co., 

td., produced the remainder. Part of the output by Osaka and Toho 
was exported to the United States under CCC barter agreement. 


TABLE 13.—Japan: Titanium metal and titanium dioxide data 
(Short tons) 


1957 1958 1959 1960 1991 
Titanium metal: 
Pr A ec eene 3, 393 1, 812 2, 730 2, 543 2, 516 
A EE 88 2, 734 1, 962 1, 982 2, 130 1, 728 
Stocks, Dec. 31. 677 1, 148 1, 100 1, 289 
Titanium dioxide: 
A e 36, 811 33, 285 39, 192 54, 446 54, 210 
d ld EE 16, 590 15, 223 15, 587 21, 160 17, 353 
Stocks, Dec. 31. 2, 490 2, 754 077 2, 295 2, 113 


Titanium dioxide production was at a near record level despite a 
strike of several months at the main plant of Ishihara Sangyo Kaisha, 
Ltd., at Yokkaichi, Mie Prefecture. Ishihara was the largest producer 
of TiO, Exports of titanium dioxide, which normally accounted 
for about half the output, were down 18 percent and accounted for 
only 32 percent of the total output. 


AFRICA 


Union of South Africa.—Mining and processing at Umgababa Min- 
erals, Ltd., ilmenite mine at Umgababa on the Natal coast was de- 
scribed in detail.?? The ore was mined hydraulically from a large 
dune formation and concentrated in Humphrey spirals after desliming 
in a special cyclone. The heavy minerals in the rough concentrate 
were separated in high tension and magnetic separators. Minerals of 
economic importance in the deposit are ilmenite, rutile, magnetite, 
monazite, and zircon. 


€ Viswanathan, P. The Beach Sands Industry in South India: A Fifty Year Review. 
Science and Culture, Calcutta. V. 27, No. 1, January 1961, pp. 16-21. 

2 Langton, G., E. J., Jackson. Recovery of Ilmenite, Rutile and Zircon at Umgababa. 
Paper presented at the Seventh Commonwealth Min. and Met. Cong., Johannesburg, South 
Africa, Apr. 10 to May 7, 1961. 
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TABLE 14.—Union of South Africa: Exports of ilmenite concentrate by countries 


(Short tons) 
Destination 1957 1958 1959 1900 1961 ! 

eee ß ß V 3 45 
France "rn ya 8 ))) ͥͥͥ»¹»¹»¹w» ^. . sien 
Germany, Wes i 2, 483 1,120 2, 465 
A A EEEE ¡Pal AAA 7, 633 23,735 22.372 
RESTET: KEE EE 362 612 224 1, S46 1, 064 
Netherland E EE, 8 7353 Ae MESTRE: 
A A EE AA 33 140 44 
United KIngdom.......... cee cad 826 16, 916 43, 353 84. 514 41, 466 
United d A II! 8 

/! AAA 2, 962 17, 680 64, 389 111, 387 67. 450 


! January through September, Inclusive. 


Compiled from Quarterly Information Circular of Minerals for the Union of South Africa and tho Terri- 
tory of Southwest Africa, by Corra A. Barry, Division of Foreign Activities. 


TABLE 15.—Union of South Africa: Exports of rutile concentrate by countries 
(Short tons) 


Destination 1958 1959 1950 19511 
C1111 ³¹¹¹¹ A OL eos se 23 1 
PF DEE 2 113 90 

A NNI oe ee MEANS KE 22 QU. BEE 
Frano osc bes se y ⁰⁰ſꝗd yd Sees cole 8 112 342 112 
Germany, .. cera de Il ai 6 280 458 er 
td EE, AR EE DS AA 
Netherlands cc. ds asa ra 74 224 223 
Bwitrerland ME ſ EE ͤ ⁰y DEE D EE EEN 
D ]o˙²“¹e A 88 56 58uU 1,312 493 
Die ³ð V ð d 8 112 476 1, 414 1, 135 

Tol a d 174 1,578 4, 130 1, 285 


1 January through September, inclusive. 


Compiled from Quarterly Information Circular of Minerals for the Union of South Africa and tbe Terri- 
tory of Southwest Africa, by Corra A. Barry, Division of Foreign Activities, 


OCEANIA 


Australia.—An engineering and construction contract for the 10,000- 
ton-a-year titanium dioxide pigment plant at Bunbury, Western 
Australia, planned by Laporte Titanium, Ltd., was awarded to the 
Bechtel Organization (Bechtel Pacific Corp., Ltd., Melbourne, and 
Bechtel International Ltd., London).“ 

A reported 3-year contract beginning in 1962 between Australian 
producers and Du Pont (U.S.A.) for delivery of 30,000 tons of rutile 
to the United States was expected to result in an increase in Australian 
output over the next few years. 


TECHNOLOGY 


Technological progress in fabricating titanium metal was dramati- 
cally illustrated by announcements that the spacecraft used in the 
two American-manned orbital flights during the year were made 
largely of titanium. The basic structure of the spacecraft consisted 
of an Inner skin of two layers of titanium welded to a titanium frame. 


m Chemistry and Industry (London). Australian Contract Awarded to Bechtel. No. 
41, Oct. 14, 1961, p. 1673. 
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TABLE 16.—Australia: Exports of ilmenite concentrate by countries 


(Short tons) 
Destination 1057 1958 1959 1960 1961 1 

Belgium-Luxembourg. .............................. 802 4.228 | 3.a... 

Franee AA oe eee A ia a 340 5, 730 6, 274 2.011 

P Ee 30, 775 10, 848 9, 969 25, 500 
Netherlands noni soc he Re D cease Cer E 90 3, 395 34 698 (3) 
United kingdom. 2-2. eee 10, 341 13, 693 354 35, 159 
o ENEE ß 22.738 60, 108 20, 377 
Ohe A 3, 360 145 612 

.. ————Ó 42, 348 62, 992 76, 887 84, 357 1 55, 162 


1 January through June, inclusive. 
2 Countries of destination not available for 1961. 


Compiled from Customs Returns of Australia by Corra A. Barry, Division of Foreign Activities. 


TABLE 17.—Australia: Exports of rutile concentrate by countries * 
(Short tons) 


Destination 1957 1958 1959 1960 1961 2 

eie e . bod ae 4,114 2, 532 1, 390 1,314 (3 
F A -uůà . ð ͤ y 4, 620 5, 459 7, 482 9, 675 O 
Germany, MES hh“... 5, 964 4,114 10, 10, 546 8 
JJ! 0˙¹¹˙ʃ•ʃ• ⁰dr A Sack 3, 644 3, 203 3, 519 4, 536 d 
e . 4, 232 2. 920 7. 967 9.042 (3 
Netherlands... ecceneec enn ʒ Q rmm RE E 11,056 10, 579 12, 243 11,091 7, 237 
%%% EECH 3, 938 3. 687 2. 824 3, 771 (3) 
United Kingdom. ..-2-2. 22 12, 345 13, 026 9, 690 14, 243 7,516 
United Stats E ae & 79, 086 29, 365 25, 241 29, 360 14, 306 
Other countries232z e ace ee eme nte 4, 339 9, 714 10, 258 11, 372 25, 852 

T Ota WEE A ͤ ͤ ( dode 133, 338 84, 689 90, 651 104, 950 54, 911 


1 This table incorporates some revisions. 
2 January through June, inclusive. 
3 Data not separately recorded. 


Compiled from Customs Returns of Australia by Corra A. Barry, Division of Foreign Activities. 


Successful performance of the craft attested to the reliability of some 
3,700 feet of titanium welds in each of the structures.?“ 

Under a cooperative agreement with the General Services Adminis- 
tration, the Bureau of Mines determined the processing costs in re- 
fining titanium metal in a 10,000-ampere electrolytic cell. The 
research showed that high purity titanium metal (less than 100 Brinell 
hardness) could be nade foi $0.60 a pound, exclusive of capital and 
crude titanium costs. 

Various methods for determining oxygen in titanium were investi- 
gated?" Those found suitable for oxygen determination of titanium 
in the range 0.02 to 1.00 percent oxygen were the dry crucible and 

latinum-flux vacuum fusion methods and the inert-gas fusion method. 
or accuracy and speed in routine analysis of titanium metal] the 
inert-gas fusion method and a modified platinum-flux technique“ 


s Brooks and Perkins, Inc. Magnesium Products. Titanium and Beryllium Prove 
Their Keliability in the Mercury Capsules. August 1961, P 8. 

ə» Haver, F. P., and D. H. Baker, Jr. Development of a 10,000 Ampere Cell for Electro- 
refining Titanlum. BuMines Rept. of Inv. 5805, 1961, 42 pp. 

30 Sullivan, T. A., B. J. Boyle, A. J. Mackie and R. A. Plott. Determination of Oxygen 
in Titanium. BuMines Rept. of Inv. 5834, 1961, 30 PR: 

a Covington, L. C., and S. J. Bennett. New Rapid Vacuum Fuston Apparatus for De- 
DE Oxygen in Titanium and Steel. Anal. Chem., vol. 32, No. 10, September 1960, 
p. ; 
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were the most promising. For determining oxygen in titanium metal, 
which contains less than 0.02 percent oxygen, the platinuum-flux 
vacuum fusion method was preferred. 

The heat capacities of several titanium halides of metallurgical 
significance were determined and combined with other selected thermo- 
dynamic properties to obtain improved values of the heats and free 
energies of formation of these compounds at high temperature.*? 

The Glidden Co. ilmenite mine and concentrating plant at Lake- 
hurst, N.J., which was expected to begin operation in 1962, was de- 
scribed by John V. Beall.* The company’s placer sand deposit was 
reported to contain 2 million tons of heavy minerals, of which 82 per- 
cent is ilmenite, 4 percent zircon, 4 percent leucoxene, 1 percent rutile, 
and the remainder kyanite and sillimanite. The deposit (to be mined 
by bucket dragline excavator to a depth of 25 feet) averages 5 percent 
TiO,. Slurry containing 35 percent solids will be pumped to the 
concentrating plant where the ore will be screened and deslimed in 
94-inch cyclones; the heavy minerals will be rough concentrated in 
Cannon circle concentrators. A bank of 40 Humphrey spirals will 
be used to produce a final wet-plant concentrate. The heavy minerals 
will then be separated by electrostatic and magnetic methods into two 
products -a high magnetic ilmenite concentrate containing 62 percent 
TiO, and a leucoxene-rutile concentrate containing 78 percent TiO.. 
When the mine begins production the company plans to operate on 
a 24-hour basis and employ approximately 120 persons. About 
100,000 tons of the heavy minerals is expected to be handled annually. 

Several patents were granted during the year on the production of 
titanium dioxide by the chloride process (oxidation of titanium tetra- 
chloride in the vapor phase). According to the abstract * one patent 
describes the use of a fluidized bed to carry out the reaction. A second 
patent gives results of the addition of small quantities of an aromatic 
organic compound to the titanium tetrachloride. In this method the 
reaction is conducted in a tower. A third patent describes methods 
to control] the moisture content during reaction and prevent formation 
of hydrochloric acid. * 

Rutile was used for making titanium tetrachloride, whereas the 
conventional process for making titanium dioxide (the sulfuric acid 
process) utilized ilmenite or titanium slag as raw material. Adapta- 
tion of the chloride process by the industry would have a significant 
effect on the utilization of rutile, and would probably require the 
development of efficient methods for chlorinating materials other than 
rutile, such as titanium slags or ilmenite. In 1961 the Du Pont 50,000- 
ton-a-year plant at New Johnsonville, Tenn., was the only plant 
known to utilize the chloride process on a commercial scale. 


8 King. E. G., W. W. Weller, A. U. Christensen, and K. K. Kelly. Some Thermodynamle 
Values for Four Titanium Halides. BuMines Rept. of Inv. 5799, 1961, 20 pp. 

3 Beall, John V. Glidden Readies New Jersey Heavy Mineral Operation. Min. Eng., 
v. 14, No. 1, January 1962, pp. 38—39. 

% Chemical Trade Journal und Chemical Engineer (London). Recent Patent Abstracta, 
Titanium Dioxide, Laporte Titanium, Ltd., British Pat. 866,363. V. 149, No. 3879, Oct. 


„ D. d 7 3. 
3$ Wilson, William W. (assigned to Columbia-Southern Chemical Corporation, Alleghen 
County, Pa.). Production of Metal Oxide Pigments. U.S. Pat. 2,968,529, Jan. 17, 1961. 

» Frey, Walter (assigned to Fabriques de Produits Chimiques de Thnnn et de Mulhouse, 
Thann, France). Vapor Phase Process for the Production of Titanium Dioxide. U.B. 
Pat. 2,080,509, Apr. 18, 1961. 
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Research by the Bureau of Mines on domestic ilmenite showed that 
chlorination of ilmenite containing as little as 28 percent titanium 
dioxide and up to 36 percent iron is technically feasible.“ 

A company in Canada reportedly was building a small-scale plant 
to test a new continuous process for making titanium dioxide from 
ilmenite.* This process is based on utilization of a pressure leaching 
apparatus described in a Canadian patent* and was reported to be 
more economical than conventional processes using ilmenite. 

New developments in titanium casting technology were announced. 
In one method a mild steel mold that can be used to cast up to 100 parts 
was described.* In another method, developed s ecifically for casting 
small titanium parts, the center portion of a solid titanium block is 
melted by a tungsten arc. By adjusting the arc the metal is melted 
through the underside of the block and permitted to flow into a mold 
directly beneath.“ 

The methods used at the Oregon Metallurgical Corp., Albany, Oreg., 
titanium melting and casting plant were described by a company 
official.“ The maximum overall dimensions of the castings made at 
the plant were: Length, 6 feet; width, 3 feet; and height, 2 feet; and 
a maximum pouring weight of 300 pounds, including gating. 

Recommendations on the design ol titanium melting aes of a 
joint safety practices committee, representing titanium melters, were 
published. * Arc conditions which tend to damage crucibles, and de- 
tails of the possible mechanisms leading to crucible rupture and ex- 
plosive reactions in titanium melting furnaces were discussed.“ 

Progress was made in developing methods to weld titanium. Crack- 
free welds in 2-inch-thick titanium alloy plate were reportedly ac- 
complished.** Other advances made in welding titanium included 
the development of a weld-through method for welding flanges to 
extremely thin sections of titanium sheet and corrugated sections.“ 
Rollwelding of titanium sandwich panels also was reported.*’ 

A method for cladding steel plate with titanium was described.“ 
The method consists of making a four-deck sandwich of steel-titanium- 
titanium-steel enclosed on the sides with welded steel strips. Hot 
rolling the composite joins the titanium to the steel. A compound 
SE the titanium sheets permits separation of the composite after 
rolling. 


e Perkins, E. C., H. Dolezal, and R. 8. Lang. Chlorination of an Idaho Ilmenite. 
BuMinex Rept. of Inv. 5763, 1961, 16 pp. 

3$ Chemical Age (London). Pressure Recycling System is Key to New Canadian TiO,— 
From—Ilmenite Process. V. 86, No. 2196, Aug. 12, 1961, p. 226. 

a Nicolas. Pressure Leaching Apparatus. Canadian Pat. 610,334, Feb. 5, 


4% Chemical Week. New Deal for Titanium. V. 88, No. 9, Mar. 4, 1961, pp. 29-30, 32. 

a Westwood, A. R. C. Casting Small Parts of Refractory Metals. Foundry, v. 89, 
No. 7, July 1961, pp. 68-71. 

€ Hardy, R. G. Casting Titanium Shapes. Metal Industry (London), v. 99, No. 11, 
Sept. 16. 1961. pp. 202-206. 

43 Light Metal Age. Recommendations for Design of Titanium Melting Furnaces. V. 
19, Nos. 9 and 10, October 1961, pp. 5-6. 

“Wood, F. W., and R. R. Lowery. Discharge Behavior in Vacuum Arc Melting. 
BuMines Rept. of Inv. 5749, 1961, 32 pp. 

Light Metal Age. Welding Thick Light Metal Plate. V. 19, Nos. 9 and 10, pp. 7-8. 

* Steel. How Planemakers Weld Thin. V. 148, No. 21, May 22, 1961, pp. 116-117. 

« American Metal Market. Sandwich Panels Roll Welded From Titanium and Moly. 
V. 68. No. 67 Apr. 10. 1961, P. 16. 

a Lobrin, C. L. Argon Flush: Key to Fabrication of Titanium-Clad Steel. Iron Age, 
v. 187, No. 17, Apr. 27. 1961. pp. 110-111. 

Hughson, Roy V. New Process For Ti-Clad Steel Plate. Chem. Eng. v. 68, No. 10, 
May 15, 1961, pp. 194, 196, 198. 
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Tungsten 


By Andrew S. Prokopovitsh * and Mary J. Burke * 


A 


OMESTIC production of tungsten concentrate rose to 8.2 million 
NES of contained tungsten, which was greater than any of the 
4 preceding years. Imports declined to the lowest level in 20 
ears. 
d Foreign production also rose for the fourth successive year, though 
a persistent world trend in declining tungsten prices restrained mar- 
keting activity in the later half of 1961. 


LEGISLATION AND GOVERNMENT PROGRAMS 


General Services Administration announced on January 17, 1961, 
that it was soliciting proposals for the upgrading of Government- 
owned tungsten concentrate into higher use forms. Proposals were 
to be received not later than March 10, 1961. Approximately 800,000 
pounds of tungsten concentrates were involved in the original 
announcement. 

According to the Office of Barter and Stockpiling of the Foreign 
Agricultural Service of the U.S. Department of Agriculture, a com- 
modity exchange contract was executed in April 1961, covering the 
acquisition of approximately 1.1 million pounds of tungsten carbide 
powder, which was processed from tungsten originating in the Re- 
public of Korea. The material delivered under this transaction was 
to be transferred to the supplemental stockpile as authorized by the 
Agricultural Trade Development and Assistance Act of 1954 (P.L. 
480). 

) TABLE 1.—Salient tungsten statistics 


(Thousand pounds of contained tungsten) 


1952-5 1957 1958 1959 1960 1961 
(average) 
United States: 
Mine production... 12, 050 8, 032 (1) C) 6. 669 8, 188 
Mine shipments.....................- 11,810 5, 254 3, 605 3, 473 6. 972 7, 847 
Imports, general .. 22, 303 14, 186 6,573 6, 248 5,178 2, 744 
Imports for consumption 22, 245 14,018 6, 512 5. 435 3. 525 2,123 
T Consumption. dee eege 7, 687 8, 544 5, 320 9, 835 11, 605 11, 128 
tocks: 
e ß 587 4. 326 (1) (1) 2, 102 2, 667 
Consumer and dealer 3, 509 4, 103 4. 070 3, 196 3, 143 3, 212 


World: Production 75,567 | 2 64, 241 | 253,392 | 354,433 | 266, 048 70,618 


1 Figure withheld to avoid disclosing individual company confidential data. 
2 Revised figure. 


1 Commodity specialist, Divisions of Minerals. 
2 Statisti assistant, Division of Minerals. 
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DOMESTIC PRODUCTION 


U.S. mine production of tungsten increased 23 percent in 1961. 
Tungsten concentrate was produced by 17 operators in 7 States—Cali- 
fornia, Colorado, Idaho, Montana, Nevada, North Carolina, and 
Washington. The Pine Creek mine of Union Carbide Nuclear Co., 
near Bishop, Calif., the Hamme mine of Tungsten Mining Corp., in 
Vance County, N.C., the Climax mine of American Meta] Climax, 
Inc., near Leadville, Colo., and Calvert mine of Minerals Engineering 
Co., in Beaverhead County, Mont., supplied most of the tungsten 
output. 


TABLE 2.—Tungsten concentrate shipped from mines in the United States 


Quantity Reported value, Lob mines! 


Year Short tons, Tungsten Average |Average per 

60 percent | Short ton content Total pound of 

W O; basis | units WO;?| (thousand (thousands) tungsten 

pounds) 

1952-56 (average) 12, 408 744, 522 $3. 87 
A AN 5, 520 331,208 6, 254 1. 56 
crac rara 3,783 227,255 3, 605 1.11 
J EE 3, 649 218, 927 3, 473 1.30 
22 8 7. 325 439. 530 6. 972 1. 40 
1 A 8, 245 494, 741 7,847 1.35 


1 Values apply to finished concentrate and are in some instances f.o.b. custom mill 


III. 
ew? short-ton unit equals 20 pounds of tungsten trioxide (W O3) and contains 15.862 pounds of tungsten 
3 Estimate. 


CONSUMPTION AND USES 


Consumption of tungsten concentrate decreased 4 percent in 1961. 
In the major use categories, consumption of tungsten in pure-metal 
uses increased 12 percent; consumption in high-speed and other alloy 
steels decreased 4 percent, and consumption 1n high-temperature and 
other nonferrous alloys decreased 3 percent. 

Carbides accounted for 40 percent of total consumption, cemented 
carbides for 30 percent, and other carbides for 10 percent. 

Data in table 5 include consumption of imported ferrotungsten, 
other imported products, and scrap. The nonferrous alloys include 
cutting and wear-resistant alloys, high-temperature and other super- 
alloys, alloy welding rods, and electrical contact and resistance alloys. 
The pure-metal uses include wire, rod, and sheet, as well as various 
Ee parts produced b 970 metallurgy techniques. 

The Geesse demand for pure tungsten metal sheet, rod, and wire, 
particularly in the development of missiles and space vehicles, resulted 
in the N of commercial production facilities. General Electric 
Co., Euclid, Ohio, installed a series of large rolling mills in its new 
plant for the production of wide tungsten sheet by powder metallurgy 
methods. The new facility was to produce Sch wide sheet in thick- 
nesses from 1% inch to Lé inch for structural uses and close-tolerance 
electronic sheet in widths not exceeding 12 inches. The facilities were 
designed to handle reasonably heavy starting ingots and to provide 
maximum control over rolling conditions. Consumption of tungsten 
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sheet for uses in components requiring high-temperature strength was 
expected to increase. 
inde Co. of Union Carbide Corp. opened a new flame-plating plant 

in North Haven, Conn., for applying tungsten and other refractory 
compounds to base metals. 

Oregon Metallurgical Corp., Albany, Oreg., expanded its operations 
to accommodate large tungsten castings produced by a centrifugal 
process from vacuum-arc-melted tungsten. 


A TOME SHORT TONS, 60% WOs CONTAINED TUNGSTEN, MILLION de + 


— Domestic shipments 
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FIGURE 1.—Domestic shipments, imports, consumption, and average price of 
tungsten ore and concentrate, 1925-61. 


TABLE 3.—Distribution of tungsten concentrate consumed 


Tungsten con- | Short tons (60 
tent (thousand | percent WO;) | Percent of total 
pounds) 


1960 1961 1960 1961 


mm |e | — s 


Manufacturers of steel ingots and ferrotungsten....... 2, 121 2, 071 2,228 | 2, 
Manufacturers of hydrogen-reduced metal powder 5, 691 4,900; 5, 980 A 
Manufacturers of carbon-reduced metal powder and 

tungsten chemicals, and consumption by firms mak- 

loy SAVER MIA 3,793 | 4,157 | 3,980 | 4,368 


ru AN 11, 605 | 11,128 | 12,194 | 11, 692 
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TABLE 4.—Production, shipments, and stocks of tungsten products in the United 
States in 1961 


(Thousand pounds of contained tungsten) 


Tongin Carbide 


Other 3 
Received from other producers i A , 295 827 
Gross production during „ear i ; 1. 560 
Used to make other products listed here 1. 207 403 
Net production n.: el lll lll l lll. 1,166 
Ship. AE E 1, 888 
Producer stocks, Dec. 31......................... 776 


1 Includes ferrotungsten, tungsten carbide powder (crystalline), scheelite (produced from scrap), nickel- 
tungsten, self-reducing oxide, pellets, and scrap. 
2 Includes quantities consumed by producing firms for manufacture of products not listed here. 


TABLE 5.—Consumption of tungsten products, by end uses, in 1961 
(Thousand pounds of contained tungsten) 


Ferrotune- Hydro-| Tungsten car- 
sten, melt- Carbon- pen- bide powder Schee- 
ine base, [reduced reduced. lite (nat- 
End uso self-reduc- | tung- | tung- Cheml- | ural or Serap Total 
Ing tung- sten sten Made |Crystal-| cals syn- 
sten, tunr-| pow- | pow- | from jline and thetic) 
sten sponge} der! der? | metal ſerushed 
mix, etc. powder| cast 
Steel: 
ITizh speed 502 / A EEN EECH 805 105 | 1, 435 
Hot work and other tool. 285 JJ! A EE 104 97 490 
Alloy (other than tool). 165 8 7 A DEEN, DEE A 86 6S 329 
High-temperature nonfer- 
rous alloys $............... 50 14 JJ; ² 181 151 414 
Other nonferrous alloys 5. 18 5 119 9 247 219 3 66 686 
Tungsten metal: 
Wire, rod, and sheet „/// ³¹¹¹ - HS 1, 419 
OM CR EE AA EE 544 Y A AI VE, EE $45 
Carbides: 
Cemented or sintered 5 11 2,254 409 |........|.....-.- 70| 2,794 
Other (including cast or 
fused) AA 2 45 26 12 I. 83 865 
Gemen... ⅛ A E, aces 11d 12 eso KEE 113 
rr 1, 022 99 2, 129 2, 276 1,353 332 1, 179 640 | 9,030 
Stocks at consumer plants 
Dec. 31. 177 19 108 98 5 32 SE 261 700 


Includes tunesten metal pellets that may be hydrofen- or carbon-reduced or scrap. 
2 Does not include quantities consumed in making tungsten carbide powder. 

3 Includes steel mill rolls and stainless and other alloy steels. 

4 Includes cutting and wear-resistant alloys. 

5 Includes diumond-drill-^it matrices, electrical contact points, and welding rods. 

* Includes fluorescent powders and organic and inorganic pigments, 


STOCKS 


Industry stocks at all locations are given in table 1. 

Stocks of concentrate held by consumers and dealers at yearend 
increased 2 percent. 

Tungsten materials in Government inventories on December 31, 
1961, are presented in table 6. 
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TABLE 6.—Tungsten materials in Government inventories, as of Dee. 31, 1961 
(Thousand pounds, tungsten content) 


National DPA CCC and 

(strategic) Inventory? |supplemental| Total 

stockpile! stockpile 3 
Tungsten, all forms 103, 752 3,915 161, 464 
Ferrotungsten 8... ee eee Ge Ill! EE de 617) 
Tungsten metal powder, hydrogen reduced . 1,087) EE, EE 1, 087) 


1 The national (strategic) stockpile describes the accumulation of materials under the Strategic and Criti- 
cal Materials Stock Piling Act (Public Law 520, 79th Cong., July 1946—a revision of Public Law 117 passed 


by the 76th Cong. in 1939). The Office of Emergency Planning is responsible for planning, policy, and 
programing for the strategic stockpile. General Services Administration is the custodian of the inventory 
and docs all the buying and selling. 

2 The Defense Production Act (DPA) inventory was accumulated under provisions of the Defense Pro- 
duction Act of 1950. It authorized the Government, as an incentive toward expansion of productive ca- 
pacity and supply, to purchase materials for Government use or resale. 

3 Materials for the supplemental stockpilo, authorized by the Agricultural Trado Development and 
Assistance Act of 1954 (Public Law 480, 83rd Cong.), were acquired by the Department of Agriculture in 
exchange for lus agricultural commodities that deteriorate and are costly to store. The Commodity 
Credit Cor tion (CCC) inventory was acquired by the Department of Agriculture by barter of surplus 
agriculi commodities under several statutes. If tbere is no other Government use for tbe materials, 
they are required by law to be transferred to the supplemental stockpile. 

4 Figures in parentheses are upgraded forms of preceding items and are included in the figures for tungsten. 


PRICES AND SPECIFICATIONS 


Prices of domestic concentrate quoted in E&MJ Metal and Mineral 
Markets from January to November 1961, ranged from $22 to $24 per 
short-ton unit of tungsten trioxide (WOs) f.o.b. mine or mill. There- 
after, quoted prices dropped to $20 to $22 and remained at this level 
at yearend. In contrast, prices of foreign tungsten ore declined 
steadily from the quoted price in January 1961, of $18.50 to $19.00 
per short-ton unit of WO, c.i.f. U.S. ports, duty extra, until in Decem- 

er when prices were at the lowest level of the year, $11.25 to $11.75, a 
decline of 40 percent. 

Tungsten metal powder (98.8 percent in 1,000-pound lots) was 
quoted at $2.75 to $9.90 throughout the year in E&MJ Metal and 
Mineral Markets. 


TABLE 7.—Prices of tungsten concentrate in 1961 


Foreign ore per short-ton vnit 


of WO. 65- percent basis c.i.f. London 
U.S. ports, duty extra Market, per 
lons-ton unit 
of WO: 
Wolfram Scheelite 
JON; GE $18. 50-$19. 00 148s.-153s, 
POG EE y 17.75- 18. 25 1408.-1458. 
AE" éi JJ h O : . 16. 25- 16. 12˙¹8.—1318. 
M ð]VBſͥ T. 8 : : 15. 50- 15. 1205.-125s. 
GY EE i ed 15. 50- 15. 119s.-124s. 
DUNG] EE A T 15. 50- 15.7 119s.-124s. 
July A E = : 16 - 16.50 | 128 l98.-132 138. 
! EE uae 8 : 16 - 16! 128 los.-132 Log, 
BODE. GE E i 16 : 1268.-180s, 
ÉIS EES 1)s.-1 25s, 
NOV. WEE 117s.-119s. 
DOC EE 89s.- 92s. 
Average price 
ENEE 
Average price duty pad 


Source: E & MJ Metal and Mineral Markets. 
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The price of hydrogen-reduced tungsten-metal powder (99.99 per- 
cent) ranged from $2.70 to $3.90. 

Ferrotungsten prices in January remained at the 1960 quotation of 
$2.15 per pound of contained tungsten (in lots of 5,000 pounds or 
more, 14-inch lump, packed; f.o.b. destination, continental United 
States, 70 to 80 percent W). By June the price had risen to $2.25, 
and at yearend a price of $2.45 was quoted. 


FOREIGN TRADE ' 


Imports. (General imports of tungsten concentrate decreased 47 per- 
cent, continuing a trend in declining imports that began in 1957; 88 
percent of the total imports came from the Republic of Korea, Bolivia, 
Australia, Portugal, and Burma, in order of importance, and 12 per- 
cent from eight other countries. Imports for consumption of tungsten 
concentrate decreased 40 percent and were the smallest in 20 years. 
Imports of tungsten emt tungsten carbide, and combinations con- 


TABLE 8.—U.8. imports for consumption of tungsten ore and concentrate, 
by countries 


(Thousand pounds and thousand dollars) 


1960 
Country 
Gross Tunesten Value Gross Tungsten Value 
weight content weight 
North America: Mexico....... 2 1 Ü. ³ A PARA 
—— (| | Lë UE 
South America: 
Arcentina. 2... eee eee 276 142 158: AA GER, AAA 
Bek — $01 451 314 203 $133 
BBl! eee: 936 550 ... ᷣ ᷣ ᷣ ct! 8 
e BEE EE 115 66 82 97 29 17 
l A 2. 128 1. 219 1,172 §99 232 150 
ee SE ———ů— | Se, le 
Europe: 
Netherlands............-- 48 23 30 55 33 35 
Portugal 1, 713 1. 017 1, 146 822 468 442 
Spain e EEEE 13 8 5 66 39 42 
United Kingdom........- 22 13 / AAA EE 
e EE 1, 706 1, 066 1, 196 943 540 519 
p —À———— € M: ̃ ͤ À M á— i M——MÓM Bm... 
Asia: 
Burma 228 128 J—— „ 
Hong Kone 101 57 C Tür! 8 
Korea, Republic of 396 225 116 1, 455 805 700 
Malaya, Federation of....|............|.-.-........]...........- 19 11 16 
Total- RA 725 410 291 1, 474 816 170 
T ț UA A a z————— l ILS 
frica: 
British Fast A frier e 112 58 B 
Congo, Republic of the, 
and Ruanda- Urundi i. 20¹ 113 88 100 62 a 
q E 201 113 88 221 120 117 
Oceanía: Australla............ 1, 245 716 730 72 415 421 
Kegel ee Ol — ͤ ͤ ä SS > M ——à 
Grand total 6, 097 3, 525 3, 478 33, 959 32,123 3 1, 953 


t Effective July 1, 1960; formerly Belgian Congo. 
3 Adjusted by Bureau of Mines to exclude West Germany. 


Bource: Bureau of the Census. 


2 Wigures on Imports and exports compiled by Mae B. Price and Elsie D. Jackson. Division 
et Y TUER 55 Bureau of Mines, from records of the U.S. Department of Commerce, 
, of the Census. 


IF ud 
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taining tungsten or tungsten carbide in lumps, grains, or powder, con- 
tained 55,613 pounds of tungsten valued at $139,370. 

Imports of tungstic acid and other tungsten compounds not spe- 
cifically provided for contained 388,882 pounds valued at $373,503. 
Imports of tungsten or tungsten carbide scrap were 128,130 pounds, 

ross weight, valued at $147,449. Imports of ore and concentrate free 

or U.S. Government were 1,009,136 pounds tungsten content, valued 
at $962,746 and came from—Spain 27,455 pounds, the Republic of 
Korea 749,116 pounds, and Australia 232,565 pounds. 


TABLE 9.—U.8. imports for consumption of ferrotungsten, by countries 
(Thousand pounds and thousand dollars) 


Country 


Tungsten Gross 
content weight 


RUSIA cs 163 


Gross 
weight 


$315 

Belgium- Luxembourg:: |]. -.........- 22 
I/ OT NE Hec UPON 13 
Germany, West 11 27 
Portugal IS OA EE EE 5 
Sweden ,,, , . eles 
United Kingdom 11 40 
Total: cts 224 422 


Source: Bureau of the Census. 


TABLE 10.—U.8. imports for consumption of tungsten or tungsten carbide forms 


Ingots, shot, Wire, sheets, or Total 
bars, and scrap other forms, n.s.p.f. 
Year 
Gross Gross Gross 
weight Value weight Value welght Value 
(pounds) (pounds) (pounds) 

1952-56 (average) 264, 435 $525, 101 54,272 | 1 $184, 010 318. 707 1 $709, 111 
IU A (8 66. 717 1 130. 139 190, 413 | 483, 195 247, 130 1613, 334 
IU5N LLL ³o· A ee S 53, 299 57, 543 196.190 348.179 249, 489 405, 722 
jus A ĩð—K 258, 051 199. 461 193. 061 367, 324 451,112 566, 788 
11; -- 1170. 383 3207. 217 174, 877 §28, 035 2 345, 260 2 735, 252 
ii EH 131,117 164, 460 93, 199 551, 473 224, 316 715, 933 


1 Data known to be not comparable with other years, 
2 Revised figure, 


Source: Bureau of the Census. 


Exports.—Exports and reexports of tungsten concentrate were 
414,034 and 1,377,568 pounds, gross weight, respectively, valued at 
$249,542 and $791,138. Exports of ferrotungsten were 800 pounds, 
gross weight, valued at $1,569—shipped to Canada. 

Exports of tungsten metal SE totaled 112,831 pounds, gross 
weight, valued at $661,505. Exports of tungsten metal and alloys 
in crude form and scrap were 221,979 pounds, gross weight, valued 
nee reexports were 1,500 pounds, gross weight, valued at 

5,175. 

Exports of semifabricated forms were 31,129 pounds, gross weight, 
valued at $1,086,659. 
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WORLD REVIEW 


The declining price of tungsten ore and concentrate in the world 
market overshadowed most other developments during 1961. Al- 
though significant production increases were achieved by Australia, 
Austria, Bolivia, the Republic of Korea, Ruanda-Urundi, and the 
United States, which resulted in a 7 percent rise in world output of 
tungsten, the persistent downward trend in world tungsten prices re- 
strained marketing activity in the later half of 1961. 

China was again the leading producer of tungsten, Sonea F the 
U.S.S.R., the United States, the Republic of Korea, North Korea, 
Portugal, and Bolivia. China and the U.S.S.R. attempted to acquire 
a larger share of the world tungsten market during the year, and, as 
a result, competition was intense and a number of producers that de- 
pended on an export market were forced to curtail operations, or close 
their mines. Surplus stocks of tungsten held in industrial and gov- 
ernmental inventories were not without effect. At yearend, the world 
tungsten market was depressed, prices were at the lowest level of the 
year, and offerings of ore on the open market were meager. Despite 
these conditions, the traditional reliance on long-term contracts and 
established sources of supply for the bulk of world tungsten require- 
ments had prevailed. In addition, research and development pro- 
grams were being conducted vigorously in several countries for new 
applications and markets for tungsten. 


NORTH AMERICA 


Canada.—Tungsten production in the Northwest Territories was 
expected to begin late in 1962. Canada had produced no tungsten 
since July 1958, when Canadian Exploration Limited closed its tung- 
sten operations at Salmo, British Columbia. Three companies, Amer- 
ican Metal Climax, Inc., Dome Mines Limited, and Ventures Limited, 
arranged to finance the new deposit just east of the Yukon-Northwest 
Territories boundary and 135 miles north of Watson Lake. The De- 
partment of Northern Affairs and National Resources was building 
an 80-mile development road and a 50-mile access road to the mine 
site. The geology of the tungsten deposits was described.* 

Nicaragua.—Presidential Decree No. 60 of September 21, 1961, au- 
thorizes the National Development Institute to explore and exploit for 
a period of 10 years the deposits of tungsten which exist in the De- 
partment of Nueva Segovia. The mineral area was declared national 
reserves at least until 1962. 


SOUTH AMERICA 


Argentina.—F ree trade in tungsten minerals was established by Law 
No. 16096 promulgated December 11, 1961. Previously, only the Gov- 
ernment agency Commercial Committee for Minerals (COCOMINE) 
was authorized to purchase domestically produced minerals. COCO- 
MINE was to continue to maintain official support prices and buy the 
minerals, if the producers choose to sell to the agency. COCOMINE 


‘Brown, C. J. Geology of the Flat River Tungsten Deposits. Canadian Min. and Met. 
Bull., v. 54, No. 591, July 1961, pp. 510-513. 
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TABLE 11.—World production of tungsten ore and concentrate, by countries’ 
(Short tons, 60 percent WO; basis) 


Country 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 
e cirios 1, 721 1, 602 „„ O PA 
Mel. ³ĩV5A 8 619 294 8 138 198 193 
United States (shipments)............ 12, 408 5, 520 3, 788 3, 649 7,325 8, 245 
o cee tuse eee Rc RP EE lE 14, 748 7, 416 4,371 3, 787 7, 523 8, 438 
South America: 
Arens ERR mSA 1, 000 1, 441 1, 127 827 3 840 3 830 
Bolivia (e ports 4. 879 4, 809 2. 457 2. 671 2. 370 3. 104 
Brazil (ex ports) 1. 811 2. 304 2. 596 1, 609 2, 205 1, 607 
PorU hoes soc AA sete ns 926 1,215 992 542 538 474 
TOM cada ier 8, 616 9, 769 7,172 5, 649 5, 953 6. 015 
Europe 
Ai AA 140 146 132 243 317 
Rinlüflid. eua ce eeetcic uss Ni Vespa ees 163 47 ll EE 63 
Faneseee 1. 304 1,091 1,152 959 783 834 
Eeer 26 10 8 38 
Portügül.....:... 25. 09 e, EEOSeTE §, 422 4. 756 2. 109 2, 478 1 3, 213 
SF Déeg 2, 421 1. 319 1, 301 854 1, 028 31,100 
KE TO EE 8 475 557 660 375 
/ eoivcscsseesecucsees 8, 300 8, 800 9, 400 9, 900 10, 500 11, 000 
United Kingdom....................-- 74 NI A ⅛ ß 
AI A a eph eR 3 109 00 90 86 86 3 110 
C ĩ ĩè 18. 200 16, 800 15, 050 14. 900 16, 200 17, 100 
Asia: 
Bürs. 2, 390 1. 910 1. 100 1. 215 21,150 
China WEE 20, 100 16, 500 16, 500 19, 800 22, 000 22, 000 
Hong Kong 74 42 4 7 39 20 
dl cada 7 e 3 11 
e ß 877 1,144 881 1,194 1, 082 1,031 
Korea 
Nl 1. 800 2, 665 3, 300 4, 400 5, 500 5, 500 
Republic 0f s... E 5, 250 4, 567 3, 597 3, 492 5, 870 7, 529 
Malaya, Federation of................ 126 63 57 24 46 41 
'ThallaDd BEE 1, 559 1, 080 725 653 486 565 
Total AA 32, 200 28, 000 26, 200 30, 350 36, 250 37, 850 
Africa: 
ALCON Asie EEE E E WE E ðͤ E, 8 
M Republic of the (formerly 
Belgian)". coo 814 1, 055 1. 200 1, 038 634 640 
Morocco: Southern 2oũ1 e IJ A PS GE RD ede. 
et TEE III/ ⅛ðVA E 8 
Rhodesia and Nyasaland, Federation 
of: Southern Rhodesia 338 180 103 36 11 55 
Ruanda-Urundi. ....................- 712 197 279 171 504 734 
South-West Africa 44. 255 278 64 2 154 192 
Tanganyika (exports)................. 10 AAA E 88 3 
Uganda (exports)....................- 187 224 31 14 84 116 
Union of South Africa. ............... 485 290 61 42 37 30 
United Arab Republic (Egypt Re- 
E E Id E AA EE A ESEE 295 
C o˙·ꝛm˙r T 2, 943 2. 825 1. 738 1. 303 1. 424 1. 865 
Oceania: 
Australia... ves deus Allee Ae 2, 666 2, 629 1, 587 1,218 2, 069 2, 877 
New Zealand......................... 43 36 3 11 9 29 
Total A 2, 709 2, 665 1, 590 1, 229 2,078 2, 886 
World total (estimate 79, 400 67, 500 56, 100 57, 200 69, 400 74, 200 


1 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

3 Estimate, 

3 Average annual production 1953-56, 

Including W O; in tin-tungsten concentrates, 


Compiled by Pearl J. Thompson, Division of Foreign Activities. 
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also determined export prices for minerals during the year, usually 
adopting the prices in the international market. 

Bolivia.—No production figures were available for those medium 
tungsten mines that export directly, without going through the Mining 
Bank. Thus, no complete national production figures were available. 

_The Bolivian Mining Corp. announced that one of the country’s 
biggest tungsten producers, the Kami mine, would be closed. The 
mine was not operated profitably after the drop in world tungsten 
prices. 

Peru.—Pasto Bueno, Peru's only active tungsten mine, continued to 
operate at reduced capacity. Supreme Decree No. 2, issued by the 
Government, suspended the 4-percent tax on exportation of tungsten 
ore and concentrate while low world market prices prevail. 


EUROPE 


Austria.—A large expansion program for the Metallwerk Plansee, 
Reutte, Tyrol, will include new rolling mills for the production of 
wide tungsten sheet and equipment for O 

Germany, West.—Tungsten concentrate scheduled to be imported 
from the U.S.S.R. totaled 2,300 tons in 1961, 1962, and 1963. Begin- 
ning January 1, 1961, a 6-percent external tariff on tungsten was 
established. Also, 7-percent tariff on ingot tungsten was established 
to protect the industries that refined both domestic and imported ores. 

U.S.S.R.—Several thousand tons of tungsten concentrate was im- 
ported from China for POE to the European market. Most do- 
mestic needs were supplied from & large number of scheelite and 
wolframite deposits in central Asia, the Far Northeast, and north 


Caucasus. 
ASIA 


Burma.— Mineral Resources Development Corp. continued to operate 
the Yadanabon wolfram mine on a small scale. The Mawchi wolfram 
mine, once among the richest in the world, went into liquidation. This 
mine had an estimated reserve of 500,000 tons of ore and continued to 
be operated on a small scale. 

China.—China led the world in the production of tungsten concen- 
trate for many years. Statistics on output in recent years were dift- 
cult to obtain. Most of the tungsten was produced for export, pri- 
marily to the U.S.S.R. Soviet trade import statistics do not show 
tungsten as & separate item, but annual shipments from China to the 
U.S.S.R. could be over 10,000 tons. Some tungsten also was exported 
to east European countries. Concentrates sold in Western Puros 
were believed to be of Chinese origin. Despite low prices, China 
seems anxious to expand its export markets. Most of China’s tungsten 
is wolframite, but scheelite 1s becoming important, and one of the 
major 5 is Yao-Kang-hsien in Hunan. Efforts have been 
directed towards mechanizing mining and ore dressing facilities and 
improving extraction procedures.* 

Hong Kong.—The Needle Hill wolfram mine, the largest in Hong 
Kong, was the only mine producing in 1961. Operation was on a re- 
duced scale with about 50 miners, half of whom worked underground. 


5 Wei, A. W. T. Minerals in China in 1981. Min. J. (London), v. , No. i 
27, 1962, pp. 409-411. (London), v. 258, No. 6610, Apr 
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The daily output averaged between 30 to 40 tons of ore containing 
less than 1 percent wolframite.* 

India.—Philips India, Ltd., a majority-owned subsidiary of N. V. 
Gloeilampenfabriken of the Netherlands, planned to manufacture 
tungsten wire at Hadapsar, near Poona, Maharashta State. The ca- 
pect of the plant was estimated at about 5,000 pounds and 180 mil- 
ion feet of wire per year. 

Korea, Republic of. Korea Tungsten Mining Co. established its own 
selling organization in London and New York to assure a regular and 
even distribution of its products to consumers and merchants. The 
company also announced a 5-year plan to improve export trade by in- 
vesting about US$1,500,000 in building a metallic tungsten plant and 
improving its mining and pee me facilities. 

The Sandong mine of Korea Tungsten Mining Co. accounted for 
most of the tungsten output, although about 50 mines, mostly marginal 
producers, operated during the year. Tungsten concentrate was ex- 

orted mostly to western European countries, the United States, and 
apan, with minor quantities to several other countries. 

Mongolia.—Construction at the Ikhe Khayran (Hairan) tungsten 
mine was completed. A power station was built at the mine site and 
mining and milling facilities were installed. Tungsten deposits had 
been reported for Mongolia in the past, but this was the first serious 
attempt at exploitation. 


TECHNOLOGY 


The Federal Bureau of Mines published the results of its studies on 
the feasibility of beneficiating Colorado ferberite ore for the produc- 
tion of specification grade synthetic scheelite. In other reports, tung- 
sten deposits in Gila, Yavapai, and Mohave Counties, Ariz., were de- 
scribed, the status of tungsten deposits in Utah was reviewed, and 
investigation of new approaches for preparing tungsten and its alloys 
in high-purity form was described.“ 

In the field of thermodynamics, research on low-temperature heat 
capacities and entropies of monotungstates was published. Several 
studies describing the spectrochemical analysis of high-purity tung- 
sten also were issued." 

For several years interest in tungsten had centered on its strength 
at elevated temperatures. While this remained an important con- 


* Davis, S. G. Mineralogy and Genesis of the Wolframite Ore Deposits, Needle Hill 
1015 New Territories, Hong Kong. Econ. Geol., v. 56, No. 7, November 1961, pp. 1238 


7 Dean, K. C., and I. L. Nichols. Froth Flotation and Chemical Processing of Colorado 
Ferberite Ores. BuMines Rept. of Inv. 5869, 1961, 15 pp. 

8 Everett, F. D. Tungsten Deposits in Utah. BuMines Inf. Cir. 8014, 1961, 44 pp. 

Dale, V. B. Tungsten Deposits of Gila, Yavapai, and Mohave Counties, Aris. BuMines 
Inf. Cir. 8078, 1961, 104 Bp. 

* Good, P. C., and F. E. Block. Preparation of Tungsten by Reduction of Tungsten 
Hexachloride. BuMines Rept. of Inv. 5861, 1961, 9 pp. 

Good, P. C., D. H. Yee, and F. E. Block. Preparation of Tungsten and Its Alloys by 
Bomb Reduction. BuMines Rept. of Inv. 5828, 1961, 10 pp. 

10 King, Ð. G., and W. W. Weller. Low-Temperature Heat Capacities and Entropies at 
298.15° K of Monotungstates of Sodium, Magnesium, and Calcium. BuMines Rept. of Inv. 


5791, 1961, p. 6. 
1 Lewis, É W., C. F. Earl, J. L. Potter, and J. R. Wells. Spectrochemical Analysis of 
High.Purity Tungsten. BuMines Rept. of Inv. 5814. 1961, 12 


p. 
Peterson, M. J. Spectrochemical Analysis of High-Purity Metals: A Review and Bibli- 


sten. BuMines Rept. of Inv. 5903, 1961, 17 Pp. 
Prokopovitsh, A. 8., and T. E. Green. pectrophotometric Determination of Trace 
Amounts of Copper in Tungsten Metal Powder. BuMines Rept. of Inv. 5720, 1961, 7 pp. 
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sideration, interest in other properties developed as fabrication tech- 
niques improved. Tungsten was being used increasingly for rocket 
nozzles, as a protective coating on nuclear fuel particles, as a heavy 
density material for shielding, and in sheet form. The expanded use 
of tungsten sheet, because of the good FB of the welded 
metal and its consequent amenability to fabrication in intricate shapes, 
could be of major significance. A tungsten sheet rolling program was 
established by the U.S. Department of Defense to accelerate the de- 
velopment of production techniques for high-quality sheet products 
having the basic properties needed for space-age applications. Three 
tungsten projects were conducted as part of the program. Fansteel 
Metallurgical Corp. investigated powder-metallurgy consolidation of 
tungsten and its alloys, and fabrication techniques to obtain sheet 
products from sintered billets. Universal-Cyclops Steel Corp. in- 
vestigated arc melting as the consolidation method followed by fabri- 
cation techniques to produce sheet from arc-melted ingots. Both 
programs used conventional rolling equipment for conversion of bar 
to sheet. The third project, conducted by Wah Chang Corp., with 
Pratt & Whitney Aircraft Division, United Aircraft Corp. as the sub- 
contractor, investigated flow turning as the method of converting 
billets to sheet. 

ong new uses for tungsten were wafers for semiconductor de- 
vices, emitters for thermionic power conversion, ionic propulsion, 
chemicals for high temperature lubrication, and solid state optical 
masers. The new maser used a single-crystal rod of calcium tung- 
state and has applications in medicine, communication, welding, cut- 
ting, and defense. Another important new development was the 
commercial production of ultrapure single crystals of tungsten metal 
up to 10 SE long exhibiting ductility at temperatures as low as 
minus 800° F. A number of new uses, especially that of tungsten 
sheet for complex shapes and unsymmetrical parts, resulted from the 
successful welding of tungsten metal.“ 

The literature describing significant government and industry de- 
velopment in tungsten technology was extensive. Status reports and 
reviews of the more outstanding projects and accomplishments in 
production, consolidation, fabrication, alloy development, mechanical 
properties, physical metallurgy, oxidation, and structural develop- 
ment were published.“ 

Literature published on the metallurgy and chemistry of tungsten 
contained information on recrystallization and ductile-brittle transi- 
tion, and cold-working grain orientation." 


13 Ogden, H. R. Status Report No. 1, Dent. of Defense Refractory Metals Sheet Rolling 
Program. DMIC Rept. 161, Nov. 2, 1961, pp. 18-29. 

33 Jaffee, R. I., D. J. Maykuth, and V. D. Barth. Fabrication of Tungsten for Bolid- 
Propellant Rocket Nozzles. DMIC Memo. 138, Nov. 2, 1961, 27 pp. 

14 Barth, V. D. Review of Recent Developments in the Technology of Tungsten. Bat- 
telle Memorial Inst., DMIC Rept. 127, Sept. 22, 1961. 7 pp. 
,oHarth. V. D., and G. W. Rengstorf. Oxidation of Tungsten. DMIC Rept. 155, July 17. 

U W p 2 

Neiman. 1. H. O. Preston, and D. A. Brown. Tungsten and Rocket Motors. Stanford 
Research Inst., Final Rept. on Contract Nord 18619 (FRM). Mar. 23, 1961, 44 pp. 

Ogden, H. R. Status Rept. No. 1 on D of Defense Refractory Metals Sheet-Rolling 
Program. DMIC Rept. 161, Nov. 2, 1961, 32 pp. 

Work cited in footnote 13. 

35 Allen, B. C., D. J. Mavkuth, and R. I. Jaffee. The Recrystallization and Ductile-Brittle 
Hee o Behavior of Tungsten. J. Inst. Metals (London), v. 90, December 1961, pp. 
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A final report outlining the data accumulated in evaluating the 
vacuum-are skull-casting technique as a method for producing tung- 
sten metal and alloys was published. The report also described efforts 
to determine hardness, soundness, contamination, and grain size of the 
castings.** 

Quantitative determinations of the surface self-diffusion constants 
of tungsten were made by using the field-emission microscope.” 

The oxidation behavior of tungsten in air at low pressures and 
temperatures as high as 3,000? C was studied and summarized.!* 
Problems connected with the prevention of oxidation of tungsten also 
were summarized.!? 

Continuing research on tungsten fabrication by using plasma arc 
spraying resulted in the development of a process for making free- 
standing tungsten bodies. 

Other significant fabrication processes for tungsten that were in- 
tensively studied included high energy rate forming techniques, such 
as explosive forming and electric arc discharge and extrusion. The 
status of the refractory metals sheet-rolling program initiated by the 
U.S. Department of Defense to develop production techniques for 
high-quality sheet products from tungsten and its alloys was 
published.“ 

Several new alloys containing significant quantities of tungsten 
were developed for purposes such as tool steel dies, radioactive shield- 
ing, and electronics? A new alloy production process that made 
use of tungsten carbide particles uniformly distributed in a metal 
matrix by subjecting the material to ultrasonic vibrations was also 
reported.? Specifications, trade names, and standard designations of 
more than 252 alloys containing tungsten were published.?* 

Tungsten-columbium-tantalum alloys were reported to exhibit a 
tenfold improvement in oxidation resistance at high temperatures over 
that of the pure metal. 

New tungsten-rhenium alloys were made in wire and strip form 
and showed high tensile strength at elevated temperatures, good elec- 
trical resistivity, and retention of ductility after Ben heated to high 


Continued from p. 1270.) 
oo, R. C. Recovery in Cold-Worked Tungsten. J. Less-Common Metals, v. 8, No. 5, 
October 1961, pP. 412-428. 

Opinsky, A. J., J. L. Orchotsky, I.. L. Seigle. Orientations of Large Grains in Tungsten 
Wire. Trans. Metallurgical Soc. AIME, v. 221, No. 5, October 1961, pp. 1083-1084. 

16 LaMarche, A. E. Phuse II Final Report on Manufacturing Process Development of 
Tungsten and Tunzsten Alloys. Contract NORD 18791 (FBM), Büreau of Naval Weapons, 
June 10, 1961, 37 8. 

17 Shewmon, P. G., and G. R. Love. Diffusion in Metals. Ind. and Eng. Chem., v. 53, 
No. 4, April 1961, pp. 325-328. 

18 Perkins, R. A., and D. D. Crooks. Low-Pressure and High-Temperature Oxidation of 
Tungsten. J. Metals, v. 13, No. 7, July 1961, pp. 490—493. 

1 Klopp. W. D. Oxidation-Resistant Coatings for Refractory Metals. Review of Recent 
Developments. Battelle Memorial Inst., Feb. 2, 1962, pp. 3-4. 

Singleton, R. H., E. L. Bolin, and F. W. Carl. Tungsten Fabrication by Are Spraying. 
J. Metals, v. 13, No. 7, July 1961, pP. 483-486. 

?! Ogden, H. R. Status Report No. 1. Battelle Memorial Inst., DMIC. November 1961, 


32 ; 

s Materials in Design Engineering. New Tungsten Steel for Tools and Dies. V. 53, 
No. 5, May 1961, p. 5. 

American Metal Market. Newer Metals. V. 68, No. 101, Manay 26, 1961, p. 14. 

American Metal Market. Newwer Metals for High-Temperature Applications. V. 08, 
No. 122, July 12, 1961, p. 11. 


s Smith, C. O. A New Alloy Production Process. Metal Prog., v. 79, No. 5, May 1961, 


, 164. 

* Vagi, J. J, and A. F. Haskins. Standard Designations of Alloys for Aircraft and 
Missiles. Battelle Memoria! Inst., DMIC 42 R. May 24, 1981. 78 pp. 

75 Wilson, J. L., nnd C. R. McKinsey. Tungsten-Columbium-Tantalium Alloys. J. Metals, 
v. 13, No. 7, July 1961, pp. 494-496. 
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temperatures. This development was considered to be the most sig- 
nificant improvement in tungsten wire manufacturing in 25 years. 

Other improvements in tungsten alloy production included the use 
of centrifugally cast material that was directly rollable to strip with 
no necessity for forging breakdown or extruding. The future of 
tungsten alloys for application to the high temperature field was 
summarized.?” 

The constitution diagram of the little known tungsten-osmium 
binary alloy system was determined by using a combination of X-ray 
and micrographic techniques.“ 


a Steel, v. 149, No. 7, Aug. 14, 1961, p. 155. 

American Metal Market, v. 68, No. 237, Dec. 12, 1961, pp. 1, 14. 

7 Materials in Design Engineering, v. 54, No. 2, August 1961, Pp. 127-148. 

35 Taylor, A., B. J. Kagle. and N. J. Doyle. The Constitution Diagram of the Tungsten- 
Osmium Binary System. J. Less-Common Metals, v. 3, No. 4, August 1961, pp. 333-347. 


Uran ium 
By Don H. Baker, Jr., and Ethel M. Tucker ? 


4e 


OMESTIC uranium ore production in 1961 was the highest in 
history; over 1,000 mines produced just over 8 million tons of 

ore valued at $148 million. Concentrate production was 17,400 

tons of U,O, valued at about $290 million. Free world uranium pro- 
duction totaled 36,000 tons of U,O;, compared with 41,000 tons in 
1960. Continued reorientation of uranium mine and mill production 
because of a stretchout of procurement was evident in the free world. 


TABLE 1.—Salient uranium statistics 


(Short tons) 
1957 1958 1959 1960 1061 
United States: 
Production: 
Mine (ore shipments). .............. 3,695,478 | 5,178,315 | 6,934,927 | 7,970,221 | 8,041, 329 
Mill (Un content 8, 640 12, 570 16, 420 117, 700 2 17, 399 
Imports: Ore and concentrate (U:0s 
content). ecc ee A 11, 826 16, 500 18, 120 15, 770 12. 915 
World: Production (U: O: content) 23, 270 36, 050 43, 320 40, 740 35, 850 
1 Revised figure. 


2 Includes uranium production from phosphate rock in Eastern United States, 


Although peaceful uses of uranium were being investigated and 
developed, its chief use was for military applications.? total of 
173 nuclear reactors of different types were in operation in the United 
States by the end of 1961. The authorized nuclear naval fleet of 
the United States comprised 65 vessels. The cooperation of the United 
States in sharing data about peaceful uses of atomic energy with 
foreign countries was broadened through agreements with the Euro- 
pean Atomic Energy Community (Euratom), the International 
Atomic Energy Agency (IAEA), the Inter-American Nuclear Energy 
Commission, and the Organization for European Economic Coopera- 
tion (OEEC). 


LEGISLATION AND GOVERNMENT REGULATIONS 


The Atomic Energy Commission (AEC) published on January 25, 
1961, in the Federal Register, part 9-12, “Labor,” of the AEC Procure- 
ment Regulations. Various additions and clarifications of regulations 
were made, including adoption of standard clauses relating to the 
Davis-Bacon Act for use in contracts, convict labor, the 8-hour law 
(other than construction), nondiscrimination in employment, the 

1Commodity spectalist, Division of Minerals. 

? Statistical clerk, Division of Minerals. 


3 Atomic Energy Commission. Major Activities in the Atomic Energy Programms. 
January—December 1981, 540 pp. 
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Walsh-Healey Public Contracts Act, the Fair Labor Standards Act 
of 1938, and special considerations affecting construction laborers and 
mechanics on Commission projects. 

Also, during 1961 two new regulations and several amendments to 
existing regulations pertaining to licenses were adopted. The new 
regulations were “Procedures for the Review of Certain Nuclear 
Reactors Exempted from Licensing Requirements” (10 Code of 
Federal Regulations (CFR) part 115 and “Radiation Safety Require- 
ments for Radiographic Operations” (10 CFR part 31). Amend- 
ments were made to “Rules of Practice” (10 CFR part o» 
“Standards for Protection Against Radiation” (10 CFR part 20), 
“Licensing of By-Product Material” (10 CFR part 40), “Licensing 
of Production and Utilization Facilities” (10 CFR part 50), “Special 
Nuclear Material” (10 CFR part 70), and “Financial Protection Re- 
quirements and Indemnity Agreements” (10 CFR part 140). Early 
in the year the amendment to the “Licensing of Source Material” (10 
CFR part 40) was changed so that uranium mines no longer are re- 
quired to have an AEC license to transfer uranium ores from the 
mine to the mill or ore-buying station. 

President Kennedy, on September 26, 1961, increased from 100,000 to 
165,000 kilograms of contained uranium 235 the quantity of enriched 
uranium to be made available for peaceful uses domestically and 


abroad. 
DOMESTIC PRODUCTION 


Mine Production.—Uranium ore production in the United States 
reached a new hich, totaling just over 8 million dry tons valued at 
$148 million, slightly above the 1960 production. A small additional 
quantity of uranium was produced as a byproduct from the process- 
ing of phosphate rock in the Eastern United States. The United 
States was the largest free world producer. Producing States in 
order of value of mine production were New Mexico, Wyoming, Utah, 
Colorado, Arizona, Washington, Texas, South Dakota, Alaska, Ore- 
gon, Idaho, Montana, and Nevada. 

Mill Production. Domestic uranium concentrate production from all 
sources totaled 17,399 tons of U4,O;, compared with 17,760 tons in 1960. 
The 26 ore-processing mills in the United States supplied 17,348 tons 


TABLE 2.—Uranium mine production in 1961, by States 


Ore shipped U301 content 


State 


ATILO NA accel ee ete ͥͤ—AAſ ˙²⁰ͥͤ ( K eee 
Colorado J ² ³ÜAQA ID ae 
I oom Lee uot ͥ el . 
ir ³ĩw 
CI c ciue anc xo dd ĩ . eee S CE 


Washin¢gton....-.....--..-...-.--- 1. eee eee eee re 
MN NOUN o A ML ʒ 8 
Other States A ere Bee BE 


! Includes Alaska, Idaho, Nevada, and Texas. 
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of U,O, valued at nearly $290 million, compared with 17,646 tons val- 
ued at about $330 million in 1960. The additional production of 51 
tons of U;O, in 1961 and 114 tons in 1960 came from processing phos- 
phate rock in the Eastern United States; the procurement contracts, 
which expired in June 1961, showed that should a market develop in 
the future, byproduct uranium could be produced from processing 
phosphate rock to superphosphate at a direct cost, exclusive of plant 
costs, of $8 or less per pound of U;O,. There is a production potential 
of about 1,000 tons of UsOs per year at the 1961 rate of triple super- 
phosphate production. 

AEC had 25 domestic contracts for procuring uranium from 
27 mills at the end of 1961. During the year six AEC contracts with 
ore-processing mills were modified and extended to provide the 1962- 
66 market with concentrates that could be produced from reserves de- 
veloped before November 24, 1958. This brought the total mill con- 
tracts extended through 1966 to 19, including a contract with the Pet- 
rotomics Co. mill which was still under construction in Carbon Coun- 

, Wyo. Three other mill contracts were being renegotiated and 
three were to terminate before 1966 because of a limited eligible ore 
supply. 

Ihe contract under discussion in 1960 for the proposed mill at Bow- 
man, N. Dak., to treat uraniferous lignite was not executed. 


TABLE 3.— Uranſium- processing plants, December 31, 1961 


Present Tons of | Estimated 
State and company Plant location contract ter- | ore per 


cost 
mination day (thousands) 


vary Rare Metals Corporation of America.| Tuba City........ Mar. 31, 1962 300 $3, 600 
orado: 
American Metal Climax, Inc. Grand Junction...| Dec. 31,1066 330 3, 088 
Cotter Co Dias cc Cannon City...... Feb, 28, 1965 200 i 
Gunnison Mining Co Qunnison Dec. 31, 1966 200 2, 025 
Trace Elements Corp Mnybell..........]|..... A WE 300 2, 208 
Union Carbide Nuclear Co. RUNG AAA BEE d6:... s 1, 000 8, 500 
EE ele Baan E dO dos 1, 000 5,000 
Vanadium Corporation of America Durango..........|....- do... 150 813 
New Mexico: 
The Anaconda Company................- Grants. ces esoecelesses 0 3, 000 19, 358 
Homestake-Sapln Partners 48888 : do. loses 1, 500 9 
EE, 8 do EE cose do 750 5. 325 
Kermac Nuclear Fuels Cor 9; secas QO ANS 3, 300 16. 000 
Kerr-McQee OU Industries, Inc........... Shiprock..........|..... 1 360 3, 161 
Phillips Petroleum Co tn AAA vg 88 1. 725 9. 500 
Oregon: Lakeview Mining Co................ Luke vle w Nov. 30, 1963 210 2. 600 
South Dakota: Mines Development, Inc...... Edgemont........ Mar. 31, 1962 400 1, 900 
Ui Susquehanna-Western Inc Falls City......... Dec. 31, 1966 200 2, 000 
Texas-Zinc Minerals Co..................- Mexican Hat. do........ 1, 000 7,000 
Uranium Reduction Co................... NIoab us cascos A . 1, 500 11.172 
Vitro Chemical Co Salt Lake City....| Mar. 31, 1982 600 5, 500 
Washington: Dawn Mining Co FOr A Dec. 31, 1966 400 3, 100 
Wyoming: 
Federal-Radorock-Gas Hills Partners Fremont County. Go cocos 520 3, 370 
Globe Mining Co Natrona County Ido 400 3. 100 
Petrotomics C(kc oo Carbon County. do. 200 1, 500 
Busquehanna-Westerd Inc................ Riverton..........|..... 8 500 3. 500 
Utah Construction & Mining Co Fremont County..|..... 4b 980 6, 900 
Western Nuclear, Ine Jeflrey City do 845 4, 300 
% A A ³è5-. O 88 22, 500 145, 320 


1 The mills are privately owned and operated, and all are licensed to buy uranium ore from producers, 
AEC buys the concentrate product under the terms of contracts with each mill operator. 

2 Formerly Climax Uranium Co. 

3 New contract agreement, signed in May 1961, replaced contracts for these two mills. 

* Formerly owned by Homestake-New Mexico Partners and acquired by Homestake-Sapin Partners in 
November 1961. 

+ Under construction. 
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In the early 1950’s AEC depended heavily upon foreign supplie 
but by calendar year 1961 domestic producers supplied 57 percent o 
the total UsO; received; under projected commitments through De- 
cember 1966, domestic producers will supply approximately 72 per- 
cent of the total U;O; purchases. 


TABLE 4.—Procurement record for uranium oxide (U,0,), by fiscal years * 


United States Canada Other 
Total 
Fiscal year short 


Short Percent Short Percent Short Percent tons 
tons of total tons of total tons of total 


ACTUAL PROCUREMENT 


11 8 830 23 210 6 2, 620 71 3, 660 
113k 990 34 225 8 1, 685 58 2, 900 
1 88 1. 450 31 690 15 2, 550 54 4, 690 
I) 2, 140 36 830 14 2, 970 KU 5, 940 
— ÁÁ—— HN 200 40 1, 590 15 4, 650 45 10, 440 
11 580 47 3, 370 21 5, 210 32 16, 160 
D A A A —— — 10, 245 39 9, 475 36 6, 635 25 26, 375 
1 IA 15, 160 45 13, 505 41 4, 660 14 33, 325 
A A ET 16, 565 48 13, 445 39 4, 570 13 34, 550 
!!!! A 17, 760 55 10, 250 32 4, 250 13 32, 260 
Total E 76, 920 45 53, 590 32 39, 820 23 170, 330 


1 July 1 to June 30. 


The projection of receipts is based upon current contractual com- 
mitments. Barring major economic or political disturbances, it is 
anticipated that foreign deliveries and a large percentage of do- 
mestic deliveries will be made on schedule. However, a number of 
domestic production allocations are assigned to economically mar- 
ginal mines, and projected domestic deliveries may fall several thou- 
sand tons short as a result of failure to produce the full quantities 
covered by allocations and milling contracts. 

The small independent mining operations and mining properties 
that contain irregular deposits, which under normal procedures are 
not developed far in advance of mining, were given recognition early 
in 1961 as sources of uranium ore. AEC announced in February that 
the historical production rate of a mining property rather than the 
developed ore reserve would be considered as a basis for 5 
a market. When an historical production rate is used, allocation wi 
relate to ore production over the period July 1, 1956, through June 30, 
1960. 

Refinery Production. Three feed- material plants refined uranium 
concentrates from foreign and domestic sources. Two refineries were 
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Government-owned pan operated under AEC contracts, and one 
was privately owned. The operators and locations of the Govern- 
ment-owned plants were Mallinckrodt Chemical Works, Weldon 
Springs, Mo., and National Lead Co., Fernald, Ohio. The privately 
owned plant was Allied Chemical Corp., Metropolis, Ill. 

Raw materials receipts at these feed-material plants were adjusted 
to the requirements of AEC. The extent to which commercial proc- 
essing of fuel from commercial sources has increased is given in 
table 5, which shows enriched uranium furnished in the form of 
uranium hexafluoride compared with that furnished in other forms 
that require further processing in AEC facilities. | 


TABLE 5.—Enriched uranium furnished to all sources (excluding the weapons 
production chain) 


(Pounds) 


Fiscal year 


Furnished as Ui 
Furnished in forms other than UF. 


All the enriched uranium furnished in 1956 required processing be- 
yond the uranium hexafluoride stage in AEC facilities. In 1961, 95 
percent was processed beyond this stage in commercial plants. 


TABLE 6.—Employment in domestic uranium mills 


Fiscal year Number of Fiscal year Number of 

employees employees 
J))! eig. ĩðV—2AA Ub eewdeacs 2, 857 
I;Ü·d A A r . ee 3. 185 
1050. ee TT.. 8 ,.... 3, 535 
1 A ĩ ĩĩĩ A rr v 4, 000 


Firms producing uranium fuel materials commercially included 
W. R. Grace & Co., Davison Chemical Division, Erwin, Tenn.; M & C 
Nuclear, Inc., Attleboro, Mass.; Mallinckrodt Nuclear Corp., sub- 
sidiary of Mallinckrodt Chemical Works, Hematite, Mo.; National 
Lead Co., Fernald, Ohio; Nuclear Materials and Equipment Corp., 
Apollo, Pa.; Spencer Chemical Co., Kansas City, Mo.; Vanadium 
Corporation of America, New York, N.Y.; Var-Lac-Oid Chemical Co., 
New York, N.Y.; and Vitro Engineering Co., New York, N.Y. 

Production of Fissionable Material—Enriched uranium ie, was 
produced in three Government-owned gaseous diffusion plants oper- 
ated by private industry. They were Union Carbide Nuclear Co., 
Oak Ridge, Tenn., 3 Ky.; and Goodyear Atomic Corp., 
Portsmouth, Ohio. 

Plutonium and related reactor products, intended primarily for use 
in weapons, were produced in Government facilities by General Elec- 
tric Co., at the Hanford Works, Hanford, Wash., and by E. I. du 
Pont de Nemours & Co., Inc., at the Savannah River Plant, Aiken, S.C. 
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AEC expanded its research and development in the field of sepa- 
rating U and U? by gas centrifuge. 

Nuclear Fuel Processing.—Responsibility for reprocessing irradiated 
fuels from research, test, power, and propulsion reactors and for 
making financial settlement for the contained fuel values has been 
consolidated at the Savannah River and Idaho Operating Offices of 
AEC. 

Expansion of AEC reprocessing facilities was deferred to give 
private industry an opportunity in this field, since private facilities are 
considered to be a key requirement for a self-sufficient nuclear power 
industry. 

The Industrial Reprocessing Group (IRG), composed of Davison 
Chemical Division of W. R. Grace & Co. and a number of utility 
companies, continued its studies during 1961. IRG has determined 
that a plant for reprocessing irradiated fuel is technically feasible, 
and acceptable solutions to the remaining problems are anticipated. 


CONSUMPTION AND USES 


Uranium was used in AEC programs chiefly as material for weapons 
production and as fuel for nuclear reactors. 

A total of 173 nuclear reactors of various types were operating in 
the United States at the end of 1961. These reactors were classified 
as prec civilian, and military reactors, 

he first fatal accident in AEC's history involving a nuclear reactor 
took place at the National Reactor testing station 1n Idaho on Janu- 
ary 3, 1961. A nuclear excursion at Stationary Low Power Plant 
No. 1 (SL-1) led to the death of three military technicians workin 
on the reactor. After operating for more than 2 years, the reactor had 
been shut down for maintenance, and the excursion occurred during 
prestartup activities before operation was resumed. 

Production Reactors.— Plutonium produced in eight graphite-type 
production reactors in Hanford, Wash., and in five heavy-water-ty 
reactors in Savannah River, S.C., was delivered to the weapons stock- 
pile under Presidential authorization. The New Production Reactor 
at IIanford, capable of producing some power, was under construction 
at the end of 1961. A total of 19 reactors were being used in the 
United States for material production and process development. 

Civilian Reactors.—Of the 151 civilian reactors in the United States 
at the end of 1961, 93 were operable, 46 were under construction, and 
12 were planned. The three central-station electrical prototype plants 
(the SE Atomic Power Station, Shippingport, Pa., Dres- 
den Nuclear Power Station, Morris, Ill., and the Yankee Nuclear 
Power Station, Rowe, Mass.) had a capacity of 386,000 net. kilowatts 
(e) of electricity. This was four times the quantity generated by nu- 
clear power in any previous year. 

The Savannah, the world's first nuclear merchant ship, was com- 
aas in August, and the nuclear reactor was loaded with fuel in 

vovember. Low-level criticality of the vessel's 69-Mw(t) power- 

plant was achieved in December for dockside tests. Full-power tests 
were scheduled for 1962. 

Table 7 summarizes the types of civilian reactors. 
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TABLE 7.—Civilian reactors operable, being built, and planned in the 
United States in 1961 


o - Being | Planned 
ablo built 


Power reactor prototypes: 


Large central-station pnlentg eee ee 3 6 4 
Small central-statton: planned ᷣ 4 
Maritime propulsion (seugoingß ) ¡AA EE elc 
Experimental power reactors and reactor experiments: 
Experimental power reactors (genernte electricity) 22222222222 3 4 uc iz 
Power reactor experiments (token electrical production, if ann) 4 6 2 
Space propulsion experiments (ROVER). )) 4 (!) (1) 
Auxiliary power for space (SNA Fl.. 
Test, research, and teaching reactors: 
General irradiation test (Government ou ned): 3 . 
General irradiation test (privately owned) PE DEE WEE 
Special testar a ote 33 
E EE 32 10 1 
PE EE EE 37 13 2 
Total ß EE 93 46 12 


1 Several Kiwi B series expected to be tested in 1962. 
Source: AEO Annual Report for 1961. 


Of the 52 tests and research reactors used in teaching, 37 were oper- 
able, 13 were being built, and 2 were planned at the end of 1961. 
Twenty-nine of the reactors in operation were at universities. 

Military Reactors.—The U.S. Navy had 61 nuclear-powered sub- 
marines and 4 surface vessels in operation, under construction, or au- 
thorized at yearend. Of the submarines 24 were in operation, includ- 
ing 8 Polaris-missile submarines, and an additional 24 had been 
launched or were under construction. The nuclear-powered surface 
fleet consisted of the guided-missile cruiser Long Beach and the air- 
craft carrier Enterprise, both in operation; the guided-missile de- 
stroyer Bainbridge, to start sea trials early in 1962; and a second 
guided-missile destroyer authorized. 

The Navy maintained several land-based test reactors besides the 
pressurized water-type shipboard reactors. Total military reactors 
were 115, of which 61 were operable, 49 were being built, and 5 were 
in the planning stage as shown in table 8. Naval propulsion reactors 
accounted for 76 of this total. 


TABLE 8.—Military reactors operable, being built, and planned in the 
United States in 1961 


Operahle | Being | Planned 
bullt 


Defense power reactor applications: 
Electric power reactors, remote installations. `... 2 
Propulsion reactors (navalbͤ—I„—§-f‚r, lll llle ll Lll eee eee 37 39 
Developmental power reactors: 
2 


—— 2 — 


Electric power reactor experiments and protot vpes - 2 -- 1 1 
Special purpose reactors (auxiliary power for space). ............-...-- AA 2 
Naval propulsion reactor prototypes... h eee ee 5 2 A 
Aircraft propulsion reactor experiments ꝶ/7t st D EE, EE 
Missile propulsion reactor experiments A 4 De eter 
Test and research reactors: 

E 6 313 
UFC yy ñ ] ꝝĩ km yd ( 8 6 2 1 

Total A ⁵˙¹-ààʃ :- m.. ͤ E ĩ³ͤ 8 61 49 5 


Source: AEC Annual Report for 1961. 
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Reactors for Export.—Of 57 reators to be exported, 35 were operable, 
17 were being built, and 5 were in the planning stage. Central-station 
electric power reactors for export were being built for Belgium, Italy, 
and Japan. 

Radioisotopes.—A marked increase over 1960 was shown in both pro- 
duction and sales of radioistopes. In the first 11 months of 1961, 
436,205 curies valued at $2.7 million was shipped. In the same period 
of 1960, the figures were 191,122 curies valued at $1.9 million; the 
1959 figures were 222,703 curies valued at $2.0 million. Total sales of 
radioisotopes from AEC’s primary point of shipment, Oak Ridge 
National Laboratory (ORNL), had reached 1,557,/84 curies since the 
first shipment was made in August 1946. The total of individual 
shipments, domestic and foreign, made in 1961 was 11,907, slightly 
below the record number of 12,028 shipments established in 1959. 

Imports of radioactive isotopes from foreign suppliers, primarily 
Canada, the United Kingdom, Belgium, France, Czechoslovakia, the 
Netherlands, West Germany, and Israel, also continued to increase. 

During the first 11 months of the year shipments of certain isotopes 
showed unusual increases: Cobalt 60 rose from 133,000 curies in 1960 
to 235,298 curies; strontium 90, from 338 to 98,000 curies; and carbon 
14, from 7 to 40 curies. The increase in cobalt 60 was attributed to 
increased demands for teletherapy and radiographic sources, and the 
increased demand for strontium 90 was for use as heat and electric 

ower sources in remote weather stations. The National Bureau of 
ana: received the largest single radioisotope shipment to a li- 
censee in the history of ORNL, 50,000 curies of cobalt 60, which was 
more than twice the previous record shipment of 22,900 curies of 
cobalt 60, made to Budd Co., Philadelphia, Pa., in 1960. 

The licensing of industrial users of radioistopes continued to in- 
crease. The increase was 10 percent over 1960, compared with an 11- 
percent increase in 1960 over 1959 and a 16-percent increase in 1959 
over 1958. 

Of the new licenses issued during the year, 367 were for radioisotope 
utilization in the field of medicine; 330, for industrial uses; 251, for 
18 and State laboratory use; and 77, for uses in miscellaneous 

elds. 

AEC, as part of its program to encourage industry to provide serv- 
ices previously available only from AEC facilities, withdrew from 
additional services in 1961. On May 2, AEC announced its immediate 
withdrawal from the routine production and distribution of cobalt 60. 
AEC was to continue to provide cobalt 60 only in quantities greater 
than 100,000 curies to encourage development of ionizing radiation as 
a major processing tool. Two of the industrial concerns that were to 

roduce and market cobalt 60 were General Electric Co. at Vallecitos, 
Calif. and Westinghouse Electric Corp. at Waltz Mill, Pa. The 
13-year-old program of providing radioisotopes made in ÁEC facili- 
ties at a discount for domestic research in biology, medicine, and agri- 
culture was discontinued on July 1. Industrial capability to produce 
and supply plutonium-beryllium neutron sources comparable in design 
and price with those fabricated by AEC was shown, and on November 
* AEC withdrew from this field with minor exceptions. 
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Weapons.—Production of nuclear weapons was continued in 1961 
by AEC as authorized by President Kennedy. The production effort 
was responsive to such Department of Defense requirements as war- 
heads for new weapon systems and bombs that could be delivered by 
more flexible methods. The program for retirement of obsolescent 
weapons also was continued. 

Late in the year accelerated efforts were applied to weapon develop- 
ment and improvement at the Sandia Corp., Los Alamos, and Liver- 
more weapon laboratories. 

The moratorium on nuclear testing was broken by the U.S.S.R. on 
September 1, 1961, with the launching of an extensive test program 
which included some 50 atmospheric detonations. On September 15, 
the United States initiated an underground weapons test program 
m by yearend involved eight underground dotonations GE low 

eld. 

Other Uses.—AEC's Plowshare program of research to investigate 
2 uses of nuclear explosives included theoretical studies and 
aboratory and field experiments. 

The first of several peaceful experimental nuclear detonations 
lanned under Plowshare, Project Gnome, was carried out near Carls- 
ad, N. Mex., on December 10. An approximately 5-kiloton nuclear 

device was detonated in salt about 1,200 feet below the surface. Some 
of the objectives of the test were to provide scientific and technical 
information on the possibility of recovering useful power from the 
heat generated by a nuclear explosion, the feasibility of recovering 
valuable isotopes produced by such explosions, and the effects of a 
nuclear explosion in salt. 

Sales of U;O, outside AEC continued, amounting to about 2,900 
pounds in fiscal year 1961 and bringing the total authorized outside 
sales to 27,300 pounds in the past 4 years. 


PRICES AND SPECIFICATIONS 


Uranium Ore and Concentrate.—Purchase prices for uranium ore es- 
tablished by AEC remained in effect during 1961. Minimum base 
prices for ores of various types and grades were guaranteed under 
AEC Domestic Uranium Program Circular 5 (revised), which ex- 

ires March 31, 1962, An initial mining property, guaranteed under 
Circular 6, expired March 31, 1960. Haulage and mine development 
allowances remained in effect. Circulars 5 (revised) and 6 were 
ee in part 60, title 10, Code of Federal Regulations. Through 

{arch 31, 1962, the price per pound paid for concentrates varied from 
mill to mill. 

For U;O, purchased after March 31, 1962, the price paid by AEC, 
with a few minor exceptions, would be the established price of $8 per 
pound. These exceptions included final deliveries under contracts 
terminating March 31, 1962, some deferred deliveries as a result of 
stretchout provisions, and some contracts extended beyond that date. 
All but three of these uranium concentrate procurement contracts 
with milling companies were extended in accordance with AEC’s an- 
nouncement of November 24, 1958, which provided for the purchase 
of uranium concentrates (U4,O;) in the 1962-66 period. 
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AEC contracts for the post-1962 period had many similar provi- 
sions. The ores to be treated were to come only from properties desig- 
nated in the contracts. The contracts give AEC the option of adding, 
at any time, specified quantities of U¿O, produced by independent mine 
operators from eligible properties. Subject to suitable license ar- 
rangements, there are no restrictions on commercial sales by milling 
companies above the amount to be sold to AEC. 

Uranium Metal.—The price of natural uranium metal made available 
by AEC to qualified licensed buyers remained $40 per kilogram. 

Special Nuclear Materials.—Charges for Us in the form of UFe, in 
varying degrees of enrichment, ranged from $4.99 per gram of con- 
tained U for material with 1.0 percent U? weight-fraction to $13.65 
for material with 90 Geer U? weight-fraction. 

Base charges for plutonium and U** remained at $12 and $15 per 
gram, respectively; in each instance the annual lease charge was 4.75 
percent of the base charge. 

Depleted Uranium.—Prices for depleted uranium furnished by AEC 
as UF, f.o.b. Paducah, Ky., varied from $2.50 per kilogram of 
uranium assaying less than 0.004 U?* weight-fraction to $22.60 per 
kilogram assaying 0.007 weight-fraction. If the user specified a U** 
assay of between 0.004 and 0.0022, the charge per kilogram was $3. 

Uranium Concentrate Specifications—Specifications shown in the 
“Uranium” chapter of Minerals Yearbook, 1958, remained in effect. 


FOREIGN TRADE 


Uranium from foreign sources supplied 43 percent of the Nation's 
requirement in 1961, compared with 48 percent in 1960. Deliveries to 
the United States during 1961 totaled 12,915 short tons of contained 
UsOs. Of this quantity, 8,735 tons was imported from Canada and 
the rest came from Australia, Belgium, the Republic of the Congo, 
Portugal, and the Union of South Africa, under contracts of the 
Combined Development Agency. 

Total remaining deliveries to AEC from Australia and Portgual 
after December 31, 1961, will be approximately 200 tons of U, Os, which 
is to be delivered by January 1963. 

Radioisotopes valued at approximately $1.6 million were exported 


during the year. 
WORLD REVIEW 


Free world production of uranium oxide totaled 35,850 tons, a de- 
crease of 12 percent from the 1960 production of 40,740 tons. About 
75 percent of the total was supplied by the North American continent. 
U.S. production remained virtually the same, but Canadian production 
dropped 23 percent. 

The International Atomic Energy Agency (IAEA), in cooperation 
with some of its member states and specialized agencies of the United 
Nations, organized a series of courses on practical uses of nuclear 
energy. With the Food and Agriculture Organization (FAO) and 
the Netherlands Government, it held a course at Wageningen, Nether- 
lands, on the use of radioisotope techniques in agricultural and for- 
estry research. With the World Health Organization (WHO), it gave 
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a 4-week training course on radiation health and safety. This course 
was given in Chiba City, Japan, with the help of the Japanese 
Government. 

The Israeli Government, with the assistance of IAEA, held a 4- 
month course in biological effects of radiation at Rehovoth, Israel. 


TABLE 8.—Free world production of uranium oxide (U..), by countries! 3? 


(Short tons) 
Country ! 1957 
North America: 
BRETT CC DEER 6, 636 
United States MHAũ ccc LLL noo 8, 640 
South America: Argentina 72 20 
Europe: 
Pin lang BEE, AA AA nier e 
Franco EE 465 
Germany, wee O AA IA 
A A AO PA, A IA 
eden EE SE UE ee 10 
ca: 
Congo, Republic of the (formerly Belglan)....... 1, 300 
Malagnsy Republic (Madagascar) )) 70 
Rhodesia and Nyasaland, Federation of......... 25 
Union of South Africa.................-.---.---- 5, 700 
Oceania: Australia 6. 400 
Free world total (estimate)! 2 23, 270 


1 In addition to the countries listed, uranium is also known to have been produced in Colombia, India, 
Italy, Japan, Morocco, Morambique, and Portugal. Production data are not available, however, an esti- 
mate for these countries has been included in the world total. 

2 Uranium is also believed to be produced in Czechoslavakia, East Germany, Hungary, the U.S.S.R., and 
other Communist countries, Production data are not available, and no estimate for these countries has been 
included in the world total. Estimates of production for the Communist countries range from 10,000 to 
20,000 tons per year. 

i This table incorporates a number of revisions of data published in previous "Uranium'' chapters. Data 
do not add exactly to totals shown because of rounding where estimated figures are included in the detail. 

4 Data represent deliveries to AEC. Includes uranium production from phosphate rock in the Eastern 
United States. 

ê Estimate. 

* Madagascar included with France. 

* Madagascar and Gabon included with France, 


Compiled by Augusta W. Jann, Division of Foreign Activities. 


The United Arab Republic and IAEA held lectures in Cairo, Egypt, 
on medical applications of radioisotopes. 

Nuclear equipment was made available to IAEA by AEC for the 
development of peaceful uses of atomic energy in Argentina, Brazil, 


and Israel.“ 
NORTH AMERICA 


Canada. — Canadian shipments of U; Os amounted to 9, 822 short tons, 
a decrease of 23 percent from the 1960 total. 

Renegotiation of the British-Canadian contract was being con- 
sidered. The United Kingdom was not anxious for early delivery of 
the 12,000 tons stipulated in the contract, nor was it in favor of the 
original contract price of $8 a pound. A lower price suggested by 
the British negotiators was deemed inadequate by the Canadian fac- 
tion, and an investigation of production costs was under way.* 

As of December 31, approximately 21,000 tons of uranium oxide 
(U;O;) was still to be delivered under the stretchout program ending 


* Chemistry € Industry (London), No. 27, Sept. 16, 1961, p. 1480. 
5 Northern Miner, v. 47, No. 22, sec. 1, Aug. 24, 1961, pp. 1, 5, 
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in November 1966, exclusive of the unallocated 12,000 tons scheduled 
for the United Kingdom Atomic Energy Authority (UKAEA). 

Of the 11 mines in operation at the beginning of 1961, 3 were closed 
before the middle of the year. 

Ontario.—Four mines were producing at the Elliot Lake district at 
the end of 1961—Denison Mines, Ltd., Stanrock Uranium Mines, Ltd., 
and the Milliken and Nordic mines of Rio Algom Mines, Ltd. In the 
Bancroft area, Bicroft Uranium Mines, Ltd., and Farraday Uranium 
Mines, Ltd., were still in operation. 

Eldorado Mining and Refining, Ltd., installed a $200,000 vacuum- 
melt induction furnace at its Port Hope, Ontario, refinery. The fur- 
nace was undergoing tests at yearend. One of the largest 1n the world, 
it will make possible the manufacture of various types of uranium 
metal, alloys, and fuels for nuclear powerplants.* Market surveys 
indicated possible use of the furnace also in making nonuranium, 
high-temperature alloys. The furnace was expected to give impetus 
to the Canadian uranium industry.“ 

Saskatchewan.—Two mines in the Beaverlodge area of northern 
Saskatchewan operated throughout the year. Open-pit mining at the 
Gunnar mine ceased in November, however, and mill feed was sup- 
plied from existing underground operations, daily output of which 
was increased to 2,000 tons of ore. Eldorado completed an electronic 
ore-sorting plant at its Beaverlodge mine, and the company’s entire 
1961 output came from this mine. 

Mexico.—Rayón, Sonora, was the center of important uranium ore 
discoveries according to preliminary tests, the Mexican National 
Nuclear Energy Commission announced. A deposit, estimated to con- 
tain 17,000 tons of ore also was reported near Aldama in the State of 
Chihuahua, and two deposits of undisclosed size were reported in the 
Bermejillo and Santiago Papasquiaro regions in Durango State. 

Two concentrating Eu were planned, one at Cerro de la Cal, 
Durango, and the other at Sierra de Gomez, Chihuahua.“ 


SOUTH AMERICA 


Argentina.—A deposit of uranium ore in the Province of Chubut, 
near Rawson, was reported by the Comision de Energia Atomica.* 

Brazil.—Intended installation in the State of Guanabara of Brazil's 
first nuclear powerplant was announced. The unit was to have a 
300,000-kilowatt generating capacity and would use natural uranium 
as fuel. Construction, SE to take 4 years, was to begin early in 
1962. Additional nuclear-power installations in the northeastern sec- 
tion of Brazil were anticipated.’ 


EUROPE 


Several projects for the propulsion of ships were submitted to the 
European Atomic Energy Community (Euratom), and it was ex- 
pected that Euratom would extend aid to more than one of these proj- 


* Chemical Engineering, v. 68, No. 16, Aug. 7, 1961, p. 166. 

Eldorado Mining and Refining, Limited. Annual Report. 1961, p. 8. 

$ Mining Journal (London), v. 257, No. 6588, Nov. 24, 1961, p. 546. 

* Mining Journal (London), v. 257, No. 6570, July 21, 1961, P 69. 

*U.8. Embassy, Rio de Janeiro, Brazil. State Department Dispatch 869, Oct. 31, 1961. 
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ects to determine the best reactor for shipping. Specifications were 
submitted for an advanced boiling-water reactor proposed by the 
Netherlands Nuclear Reactor Center." 

Euratom signed contracts with the Societa Elettronuclearia Nazion- 
ale (Italy) fora boiling-water reactor near Naples and with the Dutch 
Government for the Research Center at Petten.?? 

Research on radioactivity caused by atomic waste disposal at sea was 
undertaken by the Atomic Energy Agency at Monaco Scientific Cen- 
ter.“ 

Austria.— The nuclear research center at Seibersdorf, on the out- 
skirts of Vienna, headquarters of IAEA, began operating Austria's 
first nuclear reactor. Built by American Machine and Foundry Co., 
it would enable scientists, for the first time, to study experiments as 
irradiation took place in the center of the reactor.“ 

Belgium.— The water-cooled nuclear reactor at Mol, owned and op- 
erated by Centre d' Etude de ! Energie Nucleaire, went critical. Eura- 
tom will carry part of the $2.5 million . costs, and the reactor 
will increase by almost 50 percent the free world's nuclear materials 
and testing capabilities.“ 

Construction of a plant for chemically reprocessing irradiated fuel 
at Mol was authorized by Eurochemie Co., and site development for 
proposed research laboratories was started.“ 

Finland.—Late in December, shipments of fuel for Finland’s Triga 
Mark II training and research reactor were made from U.S. sources. 
This was the first transaction involving enriched fuel in which IAEA 

articipated and consisted of 65 fuel elements and 3 fission counters. 
ca fuel elements, enriched 20 percent, contained 2,500 grams of 

235 17 

France.—Production in 1961 of 3,730 tons of uranium concentrate 
was reported by the Commissariate de L’Energie Atomique. French 
mining districts contributed 1,480 tons of uranates (73.2 percent 
U;O;) and 1,200 tons of nitrate d'uranyle (29.5 percent U,O;,). The 
remainder was obtained from uranothorianite from Malagasy and 
nitrate d'uranyle from Gabon.” 

A reportedly rich deposit of uranium ore was discovered at Chante- 
loube (Haute Vienne Department), close to pits already being ex- 
ploited and near the Bessines processing plant. The new deposit is 
said to be near the surface, and working 1t will necessitate diversion of 
the Gartempe River and cancellation ofa projected improvement pro- 
gram on the Paris-Limoges road. This was requested by the French 
Atomic Energy Commission so that the deposit could be developed.’® 

Contracts were awarded for construction of a 242,000-kilowatt un- 
derground nuclear powerplant at Chooz, near the Belgian border, in 


the Ardennes region. Société d’Energie Nuclaire Franco-Belge des 
Ardennes (SENA) received $8 million from Euratom toward financ- 


11 Foreign Commerce Weekly, v. 65, No. 10, Mar. 6, 1961, p. 39. 

22 Chemical Age, v. 86, No. 2194, July 29, 1961, p. 157. 

33 Chemical & Engineering News, v. 39, No. 12, Mar. 20, 1961, p. 49. 

14 Chemistry, v. 34, No. 7, March 1 p 9. 

18 Chemical Engineering, v. 68, No. 17, Aug. 21, 1961, pp. 156, 158. 

16 Chemical Trade Journal and Chemical Engineer, v. 149, No. 3867, July 14, 1961, p. 88. 
17 Chemical Age, v. 85, No. 2174, Mur. 11, 1961, p. 412. 

12 Engineering and Mining Journal, v. 163, No. 2, February 1962, p. 93. 

12 U.S. Consulate, Bordeaux, France. State Department Dispatch 75, Mar. 28, 1962. 
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ing the project. Electricité de France (the French national utility) 
and Centre et Sud (a group of six privately owned ed are co- 
owners of SENA. "The closed-cycle water reactor was scheduled for 
completion in 1965.79 

Germany, East.—It was reported that the East German-U.S.S.R.- 
owned uranium deposits neur Erzegebirge in the Soviet Zone were 
almost exhausted and would be closed.?“ 

Germany, West.— Because of possible radioactivity near Zeckern, the 
Geological Institute of the University of Erlangen decided not to 
exploit the newly found uranium deposits in the area.?? 

jn part of the Atoms for Peace program, Mallinckrodt Nuclear 
Corp., St. Louis, Mo., was requested to supply 325 pounds of 20-per- 
cent enriched uranium for the pebble-bed reactor at Dusseldorf. 
This high-temperature, gas-cooled reactor uses fuel elements of graph- 
ite pebbles containing uranium carbide in the center. It was be 
lieved to be the first reactor of this type to go beyond the research 
stage and was scheduled to go into operation in 1963. Cost of the 
$9.6 million installation was to be divided equally between the West 
German Government and private industry.” 

Atomics International Division of North America Aviation, Inc., 
was awarded the preliminary-design contract for a 150,000-kilowatt 
organic-reactor nuclear powerplant by the Baden-Wurttemberg Nu- 
clear Power Plant Planning Association.” 

One of two cobalt 60 large-scale radiating units was received at the 
Mineral Oil Research Institute at Hanover. Made in the United 
States, it had a 7,000-curie capacity and was to be used for develop- 
ing radio-active processes for mineral oil processing and the petro- 
chemical industry. A british-made unit of 5,000-curie capacity also 
was to be imported for comprehensive study of radioactive reactions. 
Purchase of the larger unit was financed by the West German Minis- 
try for Nuclear Power and Water, and a German chemical company 
was to purchase the smaller unit.?5 

Hungary.—A newly established station at Mecsekalja, supplied with 
uranium ore from Fuenfkirchen, shipped approximately 350 tons 
daily to U.S.S.R. processing plants.?* 

Italy.— Fiat Co. and Ansaldo Shipyards, under contract with Eura- 
tom, planned to build a 50,000-ton nuclear-powered tanker. About 
60 percent of the cost was to be paid by Fiat and Ansaldo, and 40 
percent by Euratom.” 

Netherlands. — The Dutch Government relinquished control of its 
high-flux nuclear reactor and testing facilities at Detten to Euratom. 
Euratom was to add additional research equipment and buildings, 
worth about US $11 million to the original US $7 million establish- 
ment within 3 to 5 years. The facility became the fourth under Eu- 
ratom contro].?* 


* Chemical Engineering, v. 68, No. 22, Oct. 30, 1961, p. 149. . 

n Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, p. 61. 
2 Mining Journal (London), v. 256, No. 6563, June 2, 1961, p. 630. 

33 Chemien! Week, v. 88. No. 9, Mar. 4, 1961. p. 48. 

* Chemical Engineering, v. 68. No. 10, May 15, ; 
3 Chemical Are v. 85, No. 2181, Apr. 29, 1961, p 609. 

* Bureau of Mines. Mineral Trade Notes. V. 53, No. 4, October 1961, p. 61. 
Y Chemical & Engineering News, v. 39, No. 52, Dec. 25, 10601, p. 81. 

* Chemical & Engineering News, v. 39, No. 33, Aug. 14, 1961, p. 75. 


URANIUM 1287 


Norway.— Delivery of 1,000 fuel elements containing 3,102 pounds of 
uranium enriched to 3 percent was made to the Government of Norway 
in October, at New York, N. V.“ 

Spain.—A ndújar, Andalusia, was chosen as the location of Spain's 
first uranium treatment plant. Initially, the plant would treat 200 
tons of local ore; later, 500 tons. The ore reserve of uranium metal 
was estimated at 1,500 tons of contained uranium. 

Madrid’s Colmenar Viejo region was declared a State reserve for 
the exploitation of radioactive minerals.*? 

Sweden.—A llis-Chalmers Manufacturing Co. received a design con- 
tract entailing a 56,000-kilowatt boiling-water nuclear powerplant for 
Akticholaget Atomkroftverck, to be built at Simpevarp.*t 

A/B Atomenergi was building a uranium extraction plant with an 
annual production capacity of 126 tons of uranium concentrate at 
Ransted near Skórcle. The new plant will treat about 850,000 tons of 
Bellingen shale, which contains about 300 grams of uranium per ton. 
The shale, after being crushed underground, will be concentrated by 
flotation and then treated with sulfuric acid.” 

U.S.S.R.— The Soviet Union expected to have 2.5 million kilowatts of 
atomic-power-generating capacity by 1965.33 

Two new atomic powerplants were under construction, at Belyy Yar 
and at Novo-Voronezh.** The latter is a redesigned U.S. type. The 
Belyy Yar plant, which superheats steam, has a graphite cylinder 
permeated with a multitude of thin-walled steel pipes which are 
coated with a uraniferous substance and encased in a steel sheath. 
Some of these channels heat and evaporate water, and others superheat 
steam to 450° C at 90 atmospheres of pressure. A third turbine for 
the proposed 70,000-kilowatt-capacity station was assembled at the 
Kirov Memorial plant, Khar’kov.* 

United Kingdom.—On February 22, the low-power reactor VERA 
(Versatile Experimental Reactor Assembly) went into operation. By 
appropriate loadings, the composition and size of the reactor core 
may be varied to examine the nuclear importance of materials over a 
wide range of neutron energles.** 

The first British company to enter the civilian nuclear fuel field, 
Nuclear Developments, Ltd., was formed by Imperial Chemical Indus- 
tries, Ltd., Rolls Royce, Ltd., and Rio Tinto Co., Ltd. The new enter- 
prise was licensed to make fuel elements for civilian reactors * and 
to process and manufacture nuclear fuel materials, 


ASIA 


India.—India’s main source of uranium ore, the Jadugudu (Bihar) 
deposits, was to be expanded, and a processing plant was to be erected 


2 U. 8. Embassy, Vienna, Austria. State Department Dispatch 394, Nov. 17, 1961, 1 p. 

% Canadian Mining Journal, v. 82, No. 3, March 1961. pp. 115-116. 

mn Chemical & Engineering News, v. 39, No. 31, July 31, 1961, p. 28. 

n Burenu of Mines. Mineral Trade Notes. V. 54, No. 4, April 1962, p. 27. 

s Annales de Minas. Les Relations Internationals dans la Domaine de l'Énerg!e Atomi- 
que. February 1962, pp. 65-66. 

54 Stroitel'nnya Gazeta, Feb. 7, 1962, p. 4. 

* Ekonomicheskara Gazeta, May 31, 1901, p. 6. 

% Chemistry & Industry (London), No. 11, Mar. 18, 1961, p. 348. 

3! Chemical Week, v. 88, No. 17, Apr. 19, 1961, p. 26. 

1 Trade Journal and Chemical Engineer, v. 149, No. 3871, Aug. 11, 1961. 
P. . 
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in the vicinity. The expansion was expected to take care of the coun- 
try's future atomic energy demands.“ 

The Department of Átomic Energy explored newly found uranium 
Copons in the Udaipur district of Rajasthan.* 

proposal to duplicate Canada's 200,000-kilowatt Douglas Point 
nuclear powerplant in the general area of East Punjab-Delhi- 
Rajasthan was under consideration. 

Japan.—Japan's Atomic Energy Commission anticipated that by 
1970, 1 million kilowatts of electric power would be generated from 
nuclear reactors, and that by 1980, 7 to 9.5 million kilowatts would be 
so generated. 

arly in 1961, the Commission adopted a 20-year program for devel- 
opment and utilization of the resultant energy. The program in- 
cluded (1) use of radioisotopes in manufacturing processes, agricul- 
ture, and medicine; (2) construction of a nuclear-powered ship; (3) 
development of technology for enriching uranium and utilizing plu- 
tonium, as well as development of overseas nuclear fuel resources; (4) 
budgeting of $500 million to $555.5 million within the next 10 years 
for atomic energy research and increasing the number of Japan's 
scientists and engineers; and (5) insuring safe operation of all reactor 
stations by a safety screening program for all nuclear reactor designs 
and a state inspection system for nuclear plants.“ 

Orders for a uranium-base alloy (11 to 45 percent uranium and 55 
to 89 percent iron) were being placed with the producers, Mitsubishi 
Metal Mining Co. The new alloy has effects similar to those of cer- 
tain ferroalloys in the production of special steels. Mitsubishi makes 
the alloy at a lower cost than Japan could import it. 

The Togo mine in Katamo, Tottori Prefecture, Southern Honshu, 
was reported to be one of the world's richest uranium mines.“ The 
mine was said to have a reserve of about 22,000 tons.** 

Taiwan.—The General Electric Co. Atomic Power Equipment De- 
partment, San Jose, Calif., shipped 35 uranium fuel elements for use 
in Taiwan’s first nuclear reactor, at the National Tsing-Hua Univer- 
sity, Hsinchu. The reactor is of the open-pool type.“ 

Turkey.—Aerial surveys indicated possible uranium ore deposits in 
Aydin, Cine, Kocardi, and Milas. 


AFRICA 


Gabon Republic—The Compagnie de Mines d'Uranium de France- 
ville mine at Mouana, near Franceville, began producing in March 
1961, and the first shipment was dispatched to Pointe Noire. Com- 
poe output was intended for the French Atomic Energy Commission. 

he mine, one of France’s most important sources of uranium, was 
expected to provide one-fourth of France’s uranium needs in its first 
years of operation.** In 1961, 1,068 short tons of concentrate, 
averaging 30 percent UsO,, was produced. 


„ Mining Journal (London), v. 256, No. 6563, June 2, 1961, p. 630. 
„Mining Magazine, v. 105, No. 1, July n 37. 

4 Chemical Engineering, v. 68, No. 6, Mar. 20, 1961, pp. 96, 98. 

“2 Japan Metal Bulletin, Oct. 26, 1961, p. 2. 

% Mining Gazette, v. 6, No. 4, April 1961, p. 91. 

** Industrial Review of Japan, v. 6, 1961. p. 282, 

“4 Chemical Week, v. 88. No. 9, Mar. 4, 1961, p. 48. 

* Mining Journal (London), v. 257, No. 6580, Sept. 29, 1901, p. 317. 
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Malagasy Republic—Approximately 515 tons of uranothorianite 
averaging 18.9 percent U;O, and 57 percent thorium oxide was sup- 
plied to France by the Malagasy Republic for the production of 
uranium concentrate.“ 

Union of South Africa—Production of uranium concentrate (U;,O, 
content) in the Union of South Africa was 5,468 tons during 1961. 
Exports for the period totaled 5,719 tons.* 

nder the Combined Development Agency, the U.S. AEC was ob- 
ligated to purchase 18,900 tons of U;O, through the end of 1966 at 
$11.80 per pound. A new contract between AEC and the South 
African Atomic Energy Board (AEB) remained virtually the same 
except that a small quantity of the material meant for delivery in 
1961-62 would be delivered after 1962, and the price was to be about 
60 cents less per pound. Individual mine production quotas were 
changed from high-cost to low-cost producers owing to the stretchout. 
Four uranium plants were closed, but it was expected that, where 
uranium oxide was the principal product, operators of gold mines 
would continue to treat the accumulated uranium residue.*? 

Two of the closed plants were the Welkam and the President Steyn, 
of the Orange Free State Joint Production Scheme, which had treated 
the slimes from President Brand, Freddies Consolidated, Loraine, 
Free State Geduld, and the Western Holdings, in addition to their 
own. All produced low-grade ore. 

The small production of high-grade ore from the closed Caal Reefs 
plant was to be treated by the Western Reefs plant. 

The Stilfontain plant, with four other contributors, also was closed. 
Ore from its own holdings was low grade and high cost; the Ellaton 
contributor was a small operation on the brink of closing, Afrikander 
was a primary-uranium producer that yielded insufficient gold to oper- 
ate profitably, New Klerksdorp was a small primary-uranium pro- 
ducer, and Babrosco was contributing only dump slimes.” 

A new deposit of high-grade uranium was discovered in the Namib 
Desert near the Walue’s Bay-Usakos rail line.“ 

Collaboration between the gold-mining industry and AEB culmi- 
nated in the commissioning of South Africa’s first uranium-refining 
pilot plant, situated at the Government Metallurgical Laboratories in 
Johannesburg. The plant will have a 100-ton-a-year capacity and will 
give basic information for the manufacture of refined uranium metals 
and the development of nuclear energy. Nuclear fuels produced are 
to be tested in a proposed reactor at Pelindaba. Refining the ore will 
enable South Africa to sell uranium metal and salts, as well as the 
oxides.*? 

United Arab Republic (Egypt).—T wo Ilyshin-14 planes were acquired 
from the U.S.S.R. to make further aerial magnetic reconnaissance sur- 
veys of the Egyptian deserts.9 


*! Engineering and Mining Journal, v. 163, No. 2, February 1962, p. 93. 

U.S. Embassy, Johannesburg, Republic of South Africa. State Department Dispatch 
390. Mar. 14, 1962, p. 5. 

iD) DIE Would: 6 An 3, A ren Rut E. N o nó 

.S. Consulate General, Johannesburg, Republic of Sout rica. St 

Dispatch 7, July 7, 1961, p. 29. i d KEE 

81 Mining Magazine, v. 104, No. 4, April 1961, p. 230. 

62 EE Mining and Engineering Journal, v. 72, pt. 1, No. 3558, Apr. 14, 1961, 
pp. 3. : 

$ Engineering and Mining Journal, v. 162, No. 8, March 1961, p. 157. 
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Construction in Egypt of an 80- to 100-megawatt atomic pona pan 
was again discussed by West German experts with the UAR Atomic 
Energy Establishment at Cairo.“ 


OCEANIA 


Australia.—The Sterrits workings of the Alligator mine were found 
early in the year to have additional tonnages of uranium; these were 
1 at the reopened Rockhole treatment plant for shipment to 

ritain.55 

Rio Tinto Co. of Australia felt that, after expiration of the United 
Kingdom Atomic Energy contract, it would be difficult to maintain 
profits at the Mary Kathleen mine. Depletion of the reserve was ex- 

ected in 9 years, and Rio Tinto was ee? other areas, particu- 
larly the copper fields surrounding the Mary Kathleen, for diversi- 
fication.® 

The Australian Government decided to continue, under the opera- 
tion of Territory Enterprises Pty. Ltd., to work Rum Jungle’s newly 
discovered lode in the Northern Territory. The new ore supply may 
not be drawn upon for sale at competitive prices until after the present 
reserve is exhausted, presumably in 1963. The new reserve was estab- 
lished by diamond drilling, and the tonnage was reported to be com- 
parable to that already mined. Open-pit mining by contract was being 
„ The output would be treated at the existing Rum Jungle 

ant. 

Although the Government, in March, ceased paying for new discov- 
eries of uranium, it continued aerial geophysical prospecting in sev- 
eral parts of the country. A total of £92,950 (US $208,208) had been 
paid to individual prospectors and syndicates since the inception of 
the awards program. 

Tax concessions on the mining and treatment of ore were to be ex- 
tended to June 30, 1968, according to a Government announcement.“ 

Ore production at the Government-owned Radium Hill mine in 
South Australia ceased on December 15, owing to the diminished ore 
reserve, lack of markets, and high cost of production. Closing of the 
Radium Hill concentrating plant and the Port Pirie chemical treat- 
ment plant was to be etfected as soon as the material on hand had been 

rocessed and treated. Group Ventures N.L., a new company formed 

y United Uranium N.L. and South Alligator Uranium N.L., planned 
to exploit mineral deposits other than uranium in the Northern Ter- 
ritory so that activities of the parent companies could continue. For- 
mation of the new company resulted partly from an imbalance of 
supply under the United Kingdom Atomic Energy contract. South 
Alligator, with an ample ore reserve and no outlet, was to complete 
its contract early in 1962, whereas United Uranium, whose contract 
was for a much greater tonnage through 1965, was expected to deplete 
its ore by June 1962. | 


“ Foreign Commerce Weekly, v. 68, No. 12, Sept. 18, 1961, p. 4. 
88 Queensland Government Mining Journal, v. 62, No. 719, 5 1961, p. 459. 


œ Mining Journal (London), v. 257, No. 6585, Nov. 3, 1961 


3, 1961, p. 450. 
* Financial Standard (Melbourne), v. 117, No. 2939, Sept. 27, 1961, pp. 35, 87. 
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DOMESTIC RESERVES 


As of December 31, 1961, the estimated domestic uranium reserve 
was 74 million tons containing 0.28 percent U;O,, a decrease of about 8 
million tons from the previous yearend estimate. In addition, ap- 
proximately 1.3 million tons of ore was in Government and private 
stockpiles. Domestic ore reserves were being reviewed by AEC in 
the light of new information developed in the course of mining. 


TECHNOLOGY 


Investigations indicated that the uranoorganic association in hydro- 
thermal deposits of the Colorado Plateau resulted from a hydrother- 
mal source for the original uranium ions rather than from asphalites.* 

The use of infrared aerial photography for detecting radioactive 
mineralized areas had not proven as practicable as first suggested.*! 

Improved techniques of earthmoving proved beneficial to uranium 
open-pit mining and their applications were described in two articles. 
The d Ve of a rotary oil-well-drilling rig to the sinking of a 
72-inch-diameter, 710-foot-deep ventilation shaft at the New Mexico 
uranium mine of Kermac N aar Fuels Corp. proved successful and 
rapid.“ Geology and its application to uranium mining and mining 
problems at the Pitch mine of Pinnacle Exploration, Inc., in Colo- 
rado® and at the Lance's Uranium mines of the Sabre-Pinon Corp. in 
New Mexico were the subjects of comprehensive articles. 

Canadian studies of the preconcentration of uranium ores prior 
to hydometallurgical treatment showed that the fatty acid flotation 
„ may have economic advantages during periods of reduced 

emand for uranium." By preconcentration, the processing cost per 
pound of uranium for some ores may be cut by sacrificing the percent 
recovery. 

Improved extraction of uranium from ores in the acid-leaching 
process by the addition of wetting agents was announced by Cyan- 
amid International Corp.** ; ; 

The commercial recovery of scandium as a byproduct of uranium 
extraction and the production of high-purity scandium oxide were 
expected to open new sources of scandium and assist the uranium 
industry. 


*! Abdel-Gawad, A. M., and Paul F. Kerr. Urano-Organic Mineral Association. Am. 
Mineralogist, v. 46, Nos. 3-4, Sarena 1961, pp. 402-419. 

e Winkler, Erhard M., and Barry Voight. Scientific Communications. Econ. Geol., v. 
56, No. 1, January-February 1961, pp. 211-212. 

e Borert, John R. Ore Requirements. Min. World, v. 23, No. 4, April 1961, pp. 14-16. 
Grant, Norman A. Modern Open-Pit Mining. Mines Mag., v. 50, No. 4, PP. 15-17. 

* Wolff, P. A., and R. K. Perthe. How Kerr-McGee Drilled 90-Inch Ambrosia Lake 
Ventilation Shaft. Min. World, v. 23, No. 3, March 1961, pp. 34-37. 

* Baker III, Arthur, and Bill C. Scott. Past Problems, Present Purpose at Pitch. 
Min. Eng., v. 13, No. 5, May 1961, pp. 488-491. 

* Fitch, Richard. Lets Look at Lance's Uranium Mines. Min. World, v. 23, No. 11, 
October 1961, BP 23-27. 

e Light. D. E., C. A. Freitag. G. B. Hudson, and E. J. Nurse. The Flotation of Radio- 
556 Minerals, Part II. Canadian Min. and Met. Bull., v. 55, No. 597, January 1962, 
pp. 30-34. 

es South African Mining and Engineering Journal. How To Scuttle a Duck—and In- 
erease Uranium Production. V. 72, pt. 2. No. 3576, Aug. 18, RP 391. 

Lash, L. D., and J. R. Ross. Scandinm Recovery From Uranium Solutions. J. 
Metals, v. 13, No. 8, August 1961, pp. 555-558. 
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The extraction of uranyl nitrate from slurries by tributyl phosphate 
in kerosine with a rotary-film contactor was described in a report.” 
Uranium recoveries were excellent and, even with a recovery of 99 
percent of the uranium, solvent losses were moderate. 

High-purity magnesia-alumina spinel was found to be one of the 
best refractories from which to fabricate induction containers for 
the process of magnesium reduction of uranium tetrafluoride because 
of its inertness toward reactants and products.” Refractories made 
from hexaboron silicide were capable of withstanding 2,500° F in 
air for use as control devices and shielding structures in nuclear 
reactors.” 

Uranium dioxide for reactor fuel elements of improved quality can 
be obtained by reducing aqueous slurries of uranyl carbonate at ele- 
vated temperature with compressed hydrogen in the presence of 
metal catalysts and certain organic 55 Articles describing 
new and improved techniques for fabricating and coating uranium 
fuel 55 such as uranium carbide ud uranium oxide, with 
beryllium, graphite, and zirconium carbide were published during 
1961. 

The Tokai refining plant of Atomic Fuel Corp. of Japan discov- 
ered that metallic uranium could be obtained 57 a direct-refining 
technique using an amine. The new method was said to be simpler 
and less bulky, as well as cheaper and faster, than the commonly used 
method" | 

Higher purity plutonium with a greatly reduced neutron radiation 
exposure during production was obtained by ultilizing the chloride 
rather than the fluoride compound.'* The technique of 153 ne 
and reducing plutonium trichloride, though known since 1944, ha 
not been previously developed for industrial use. Solutions were 
given to problems of integrating a nuclear power station into utility 
systems and the performance of the radioactive waste disposal sys- 
tem of the Shippingport atomic power station.” 


* Beaumont, J. H., J. M. Cox, D. G. Grant, A. A. North, and A. D. Sperrin. Develop- 
ment of a Rotary-Film Contactor for the Solvent Extraction of Metals From EE) 
Part II. The Extraction of Uranyl Nitrate by Tributyl Phosphate in Kerosene. NCL 
A.E. Sci. Rept. 209, December 1961, 11 Pp. 

Arenberg, C. Arne, Carl W. Boquíst, and O. R. Magotenux. Refractories for Uranium 
Reduction. Am. Ceram. Soc. Bull., v. 40, No. 5, May 15, 1961, pr 304-308. 

33 Colton. Ervin. Hexaboron Silicide, Promising Materia] in Nuclear Control Devices. 
Ceram. Ind., v. 76, No. 3, March 1961, pp. 70-71. 

13 Warren, I. H., and F. A. Howard. Hydrometallurgical Production of Uranium Dioxide 
for Reactor Fuel Elements. Canadian Min. and Met. Bull., v. 54, No. 594, October 1961, 

. 143-149. 

PP, American Metal Market. GE Develops Wire Type Fuel With Uranium Oxide. V. 68, 
No. 61, Mar. 30, 1061, p. 14. 
: Ceramic Industries. Fossil Fuel Ecónomy Promised by New Fuel Particles. V. 77, No. 

, July 1961, p. 32. 

Chemical & Engineering News. Beryllium Oxide Protective Coatings on Nuclear Fuel 
Elements Are Now Possible. V. 39, No. 21, May 22, 1961, p. 39. 

Stephas, Paul, and E. W. Hoyt. Reactive Hot Pressing of ZrC-UC Solid Solution. Am. 
Ceram. Soc. Bull., v. 40, No. 5, May 15, 1961, pp. 320-323. 

158 Chemical Ave, v. 86, 2191, July 8. 1961, p. 59. 

7 Rasmussen, M. J., and H. H. Hopkins, Jr. Pre aring Plutonium Metal—via the 
Chloride Process. Ind. and Eng. Chem., v. 53, No. 6, June 1961, pp. 453-457. 

7 Abrams, C. S.. W. J. Hahn, and J. R. LaPointe. Performance of the Radioactive 
Waste Disposal System of the Shippingport Station. Chem. Eng. Prog., v. 58, No. 1, 
January 1962, pp. 70-78. 

Duvall, F. C. Operation of the Shippingport Atomic Power Station. Chem. Eng. 

Prog., 9. 57, No. 3, pp. 46—49. 
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The substantial contribution to high-temperature metals and nu- 
clear technology made by the investigations utilizing nuclear propul- 
sion in aircraft and space was described.“ 

Small quantities of uranium as alloying additions to steel were re- 
ported to improve the fatigue life, delay rupture and reduce the acid- 
corrosion rate.“ Investigations also were being carried out on 
uranium additions to cast iron, copper, aluminum, magnesium, and 
zinc-base alloys. 

During 1961 the Bureau of Mines published reports dealing with 
the disposal of liquid radioactive wastes from uranium mills? ura- 
nium-mining costs and practices , beneficiation of uranium ores,*? 
and the high-temperature heat content of uranium tetrafluoride.** 

To enhance the basic knowledge of the structure of matter and 
develop new knowledge of the universe, more powerful “atom- 
smashers” were constructed or planned. The construction and opera- 
tion of the Brookhaven National Laboratory’s Alternating Gradient 
Synchrotron was described.“ Stanford University and the National 
Bureau of Standards initiated programs which will lead to the in- 
stallation of large linear accelerators. A tandem ion accelerator 
for studies in low-energy nuclear physics at the University of Penn- 
sylvania was under consideration.“ 

Carbon 12 was adopted as the new standard for atomic weights, 
replacing oxygen which gave a difference of 3 parts in 10,000 in 
atomic weights owing to the existence of three natural isotopes.“ 


Hendry, W. J., and Walter J. Koshuba. Nucleonics in Flight. Metal Prog., v. 80, 
No. 2, August z801, pp: 132, 134, 138, 139, 142, 144. 

.McGuire, Frank G. Crucial Rover Rocket Program Picks Up. Missiles and Rockets, 
v. 9, No. 7, Sup. 14, 1961, pp. 22-23, 45. 

Hendel, F. J. Exotic Rocket-Propulsion Systems. Chem. Eng., v. 68, No. 15, July 24, 
1961, pp. 135-142. 

To 1 S. L. Can Uranium Improve Steel? Iron Age, v. 187, No. 14, Apr. 6, 1961, 
Pr, Tame, K. E., E. G. Valdez, and J. B. Rosenbaum. Disposal of Liquid Waste in the 
Durango-Type Uranium Milling Flowsheet. BuMines Rept. of Inv. 5874, 1961, 12 pp. 

8! Dare. W. L. Uranium Mining in the Lukachukal Mountains, Apache County, Aris., 
Kerr-McGee OU Industries, Inc. BuMines Inf. Circ. 8011, 1961, 30 Pp., 

Dare, W. L. Uranium Mining Methods and Costs at Several nes on the Colorado 
Plateau. BuMines Inf. Circ. 8015, 1961, 48 pp. 

83 Tame, K. E., and J. B. Rosenbaum. Beneficiation of Uranium Ores. BuMines Rept. of 
Inv. 5884, 1961, 28 pp. 

8 King, E. G., and A. U. Christensen. High-Temperature Heat Content of Uranium 
Tetrafluoride. BuMines Rept. of Inv. 5709, 1961, 4 pp. 

** Engineering Journal. orld’s Most Powerful Atom Smasher. V. 44, No. 1, January 
1961, pp. 73, 97. 

ss Business Week. Contracts to RCA and Sperry for Work on Big Atom Smasher. No. 
1644, Mar. 4, 1961, p. 47. 

Chemistry. Atom Smasher. V. 34, No. 6, February 1961, p. 87. 

$ Chemistry. Million-Dollar Atom Smasher. V. 34, No. 6, February 1961, p. 18. 

81 Chemical & Engineering News. A New Standard for Atomic Weights, and Differences 
Between Surface and Bulk Compositions. V. 39, No. 33, Aug. 14, 1961, p. 51. 
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Vanadium 
By Richard F. Stevens, Jr.* and Claudia V. Davis? 


A 


THE YEAR 1961 marked substantial changes in the pattern of the 
T vanadium industry. World production was the highest on record, 
an increase of 22 percent compared with 1960, and, although the 
United States produced 7 percent more, it exported 43 percent less. 
Apparently, other countries captured part of the market previously 
he A by the United States, and the e Ce for vanadium in the Soviet 
bloc countries was satiated in the latter part of the year. Interest in 
research on high-purity vanadium declined. but efforts to develop 
better vanadium-bearing alloys were intensified. 


TABLE 1.—Salient vanadium statistics 
(Short tons of containcd vanadium) 


1952-58 1957 1958 1959 1900 1961 
(average) 
United States: 
Production: 
Ore and concentrate processed. . 4, 677 7, 907 6, 829 8, 026 8, 800 6,772 
Recoverable vanadium !.... 3, 161 3. 691 3. 030 3, 719 4, 971 5. 343 
Value.......thousands.. (3) (2) $10, 817 $13, 278 $17, 748 $19, 076 
Vanadium pentoxide.......... 3, 086 3, 612 2, 791 4, 092 5, 405 5, 817 
Imports: 
Ore and concentrate | = M — 3 12 
Exports: 


Ferrovanadium and other vana- 

dium alloying materials con- 

taining over 6 percent vana- 

dium (gross weight) 3 131 134 76 152 162 120 
Vanadium pentoxide, vanadi 

oxide, vanadium oxide, and 

vanadates í 


f , 690 2, 081 
World: Production 


, 090 8, 65^ 


— 
pan 
-1 523 


1 Measured by receipts at n:ills. 

2 Figures withheld to avoid disclosing individual company confidential data. 

3 Classified as ferrovanadium, 1952. 

4 Classified as ore and concentrate, 1952, but probably included vanadium pentoxide. 


LEGISLATION AND GOVERNMENT PROGRAMS 


During 1961, the General Services Administration 5 sold 
7,277 short tons of lead vanadate ores and concentrates for $201,991, 
($0.014 a pound) and 35,343 pounds of fused vanadium pentoxide for 
$23,856.52, ($0.675 a pound)? 


1Commodity specialist, Division of Minerals. 
3 Stntixtical clerk, Division of Minerals. 


s Office of Emergency Planning, Executive Office of the President. Stockpile Report to 
the Congress, January—June 1961, p. 9. 
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Bids were opened in January on 1.5 million pounds (750 tons) of 
vanadium pentoxide (VzOs) offered for sale by the Atomic Energy 
Commission Grand Junction office. However, only 570 tons of the 
concentrate was sold; Union Carbide Metals Co., Dio of Union 
Carbide Corporation, obtained 424 tons, Vanadium Corporation of 
America obtained 98 tons, and Derby and Company obtained 48 tons. 
The average sales price was $1.011 per pound. A bid of $0.91 per 
pound for 180 tons was rejected.* 


DOMESTIC PRODUCTION 


Most of the vanadium produced domestically during 1961 was ob- 
tained as & byproduct of uranium mining. However, since all con- 
tracts by the Atomic Energy Commission (AEC) for the purchase 
of uranium ore were to expire December 31, 1966, and the AEC gave 
no indication that it would buy uranium after that date, many vana- 
dium producers sought new sources. 

Susquehanna Minerals Company constructed a refinery at Magna, 
Utah, to recover high-purity vanadium pentoxide (V:Os from ferro- 
phosphorus slag, mostly waste from phosphorus production opera- 
tions. This refinery began producing vanadium late in 19615 A 
second refinery to recover vanadium E ferrophosphorus slag was 
planned by Kermac Nuclear Fuels Corp.“ Early research on methods 
of recovering vanadium from ferrophosphorus slag was conducted 
by the Bureau of Mines.’ 


TABLE 2.—Recoverable vanadium in ore and concentrate produced in the United 
States, by States 


(Short tons of contained vanadium) 


State 1952-58 1957 1958 1959 196) 1961 
(average) 
LB leen Tu g.. 2, 343 3,132 2, 305 2, 949 4, 026 4,149 
MG coe EE EE 325 508 378 536 40 £14 
Arizona and other States 493 51 259 234 483 630 
A dh ai 8, 161 3, 691 3, 030 3, 719 4,971 5,343 


t Includes Idaho, 1952-51, 1961: Montana, 1957; New Mexico, 1952-54, 1956-61; South Dakota, 1054, 
1960-61; and W yoining 1954, 1056-58, 1000-01. 


Oxide.— Production of vanadium pentoxide increased 6 percent com- 
pared with 1960. As in 1960, six plants produced vanadium pent- 
oxide from domestic ores, but, in addition, the Susquehanna Minerals 
plant at Magna, Utah, extracted vanadium pentoxide from ferro- 
phosphorus slag that originated at a plant treating domestic phos- 
phate rock ores in Idaho. Data in table 4 include vanadium pent- 
oxide produced as a byproduct of foreign chromium ores, 1952-61; 
produced from peruvian concentrate, 1952-55, produced as a by- 


4 Atomic Energy Commission. Public Sale of Vanadium Pentoxide, Major Activities in 
the Atomic Energy Programe, January-December 1961. January 1962. p. 174. 

5 Engineering and Mining Journal. Garfield, Utah, Plant Begins Producing V;0,. V. 
162, No. 9, September 1961, jn 125. 

* Mining World. What's Going on in Mining—Idaho. V. 24, No. 8, March 1982, p. 51. 

7 Banning, L. H., and R. T. C. Rasmussen. Processes for Recovering Vanadium From 
Western Phosphate. BuMines Rept. of Inv. 4822, 1951, 44 pp. 
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TABLE 3.—Vanadium and recoverable vanadium‘ in ore and concentrate 
produced in the United States 


(Short tons) 
Mine pro- Mine pro- | Recover. 
Year duction duction | able vana- 
dium 
1952-56 (average) 3, 719 
re 4, 071 
tit. 5, 343 
1 Measured by receipts at mills. 
TABLE 4.—Production of vanadium pentoxide in the United States’ 
(Short tons) 
Year Gross V305 Year Gross V30s 
weight | content weight | content 
1952-56 (average) e, 236 ia. cda 7, 906 7,305 
/]. e 7,224 R, ii. 10, 767 9, 812 
NÉE ee 5, 470 4, 983 || 196 3 10, 796 10, 520 


Includes a relatively small quantity recovered as a byproduct of Peruvian concentrate and foreign chro- 
mium ore. 
2 Does not include weight of ferrophosphorus slag treated as solutions, 


roduct of domestic phosphate rock, 1959-54 ; and also produced from 
errophosphorus slags in 1961. 

Ferrovanadium.—Ferrovanadium was produced in the United States 
principally by Vanadium Corporation of America, Union Carbide 
Metals Co., and Shieldalloy Corp. Output in 1961 was slightly less 
than in 1960. 

Vanadium Metal.—The domestic industry reported only 7 tons of 
high-purity vanadium (99 percent plus) produced in 1961. This was 
22 tons lessthan in 1960. Although it does not yet stand out in the alloy 
statistics, the decrease probably reflects the success of research in pro- 
ducing acceptable vanadium alloys for specialty uses without using 
high-purity vanadium. 


CONSUMPTION AND USES 


Ore and Concentrates.—Domestic and foreign vanadium-bearing ores 
and concentrates consumed at domestic plants contained 6,772 tons 
of vanadium, 2,028 tons less than was in the ores and concentrates 
processed in 1960. 

Alloys and Compounds.—Coincidentally, the domestic industry re- 
portedly consumed the same quantity of ferrovanadium in 1961 as in 
1960. Steelmakers, although they reported the same total quantity of 
vanadium consumed, indicated that they used 6 percent less in high- 
speed steel, 23 percent less in tool steel, and 10 percent more in other 
alloy steels than in 1960. As heretofore, this division in uses may not 
be precise because the steelmakers do not always classify their pro- 
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ducts the same way. The concerns producing nonferrous vanadium- 
bearing alloys reported that they used about 13 percent more 
vanadium in 1961 than in 1960. This increase continued to reflect re- 
searchers’ success in developing vanadium-bearing alloys in the last 
few years. | 


TABLE 5.—Vanadium consumed and in stock in the United States in 1961, 
by forms 


(Short*tons of vanadium) 


Stocks at Stocks at 
Form consumer Consunip- consumer 
plants, tion plants, 
Dec. 31, 1960 Dec. 31, 1961 

er ⏑ddf mr; e ee tfe p ii 259 1, 483 Y2 
%%)%GXAT;Ät ] N m ³ y ðx 24 143 108 
Ammonium metavanatlu ll 20 NA 17 
e . . gS Toe 63 300 68 
O EEN 375 2, 015 455 


TABLE 6.—Vanadium consumed in the United States in 1961, by uses 


Use Short tons Use Short tons 
Steel: Stecl— Continued: 
H lgh-Speeddgdd 2 2L LLL... 275 Gray and maleable casting 17 
Iot-work tool...................... 79 Nonferrous alloy 222 2 
Garrido“, chee ot 68 Gin 116 
28 


1 Includes some vanadiurn used in high-speed or other too! steels not specified by reporting firms. 
3 Represcuts approximately 90 percent of total consumption. 


STOCKS 


The Bureau of Mines does not obtain statistics on the inventory of 
vanadium ore, concentrate, or pentoxide held at primary producers’ 
plants. Consumer stocks on December 31, 1961 were 21 percent more 
than on December 31, 1960. 

The National (strategic) stockpile inventory on December 31, 1961 
was 7,965 short tons of contained vanadium; this included 989 short 
tons of upgraded ferrovanadium. 
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PRICES 


The prices of vanadium pentoxide, ferrovanadium, and vanadium 
metal remained constant during 1961, but the base price for high- 
purity vanadium was reduced slightly from the price quoted in 1960. 

Vanadium pentoxide contained in ore was quoted at 31 cents per 
pound. This quotation disregards penalties based upon the grade of 
ore or the presence of objectionable impurities, such as lime, which 
lower recovery because of their adverse reactions during refining 
operations. 

The quoted price of technical qiue vanadium pentoxide was $1.38 
per pound of V,O;; the price of ferrovanadium ranged from $3.20 
to $3.40 per pound of contained vanadium, depending upon the grade 
of the alloy. Vanadium (90 percent purity) for alloying, in 100- 
pound lots, ranged from $3.45 to $3.65 per pound. High-purity 
vanadium (over 99 percent vanadium) was quoted at $30 per pound 
(99.5 percent) and $35 per pound (99.8 percent) in 1,000-pound lots. 

Quantity extras were quoted as follows: 


Less than 5 pounds------------------------ Base price+$13 per pound 
% EE Base price4-33 per pound 
... Ee Base price+$1 per pound 
101-1,000 pounds 2222222222 Base price+ $0.50 per pound 
Over 1,000 pounds .............-..-------- Base price 


FOREIGN TRADE* 


The substantial export trade in vanadium oxides that the United 
States enjoyed in 1959 and 1960 was sharply curtailed owing to less- 
ened activity in the ferroalloy industries in Europe and the Soviet 
bloc countries. Shipments of vanadium pentoxide through Austria 
stopped almost completely, and those through the Netherlands were 
75 percent less than in 1960. Shipments to Sweden were 66 percent 
less, to France 31 percent less, and to West Germany 18 percent less. 
However, Delgium-Luxembourg received over 1 million pounds of 
vanadium contained in concentrate and oxides in 1961, compared with 
only 50,000 pounds in 1960. The ferroalloy industry in Japan ap- 
parently continued to depend on the United States for its supply of 
vanadium as it received 22 percent more vanadium from the United 
States than in 1960. 


8 Figures on imports and exports compiled by Mae B. Price and Elste D. Jackson, Division 
of Foreign Activities, Bureau of Mines, from records of the U.S. Department of Commerce, 
Bureau of the Census. 
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TABLE 7.—U.8. exports of vanadium, by countries 
(Pounds) 


Ferrovanadtum and 
other vanadium alloy- 
ing materíals contain- 
ing over 6 percent va- 
nadium (gross welght) 


Destination 


1960 1961 
North America: 
Canido idos 290, 962 230, 503 
Da AEA e MA 
E AAA A AA 
Foal 200, 962 231, 003 
South America: 
Ai ill AA 278 
val AAN . , A 
i!; AA 6,050 |...........- 
r 6,050 278 
Europe: 
a AA A ³ 
Belgium-Luxembourg..... Pa O EE 
C7echoslo H eo 8 
Fine est 2, 205 1, 675 
Germany, West 928 
/ ee AAA a HONTE RAN 
Netherlands.............- 23, 358 43 
CCC eosessneevlesdendsunems 600 
e EE GE 8 
SNle n eee eee 331 
Switzerland... 222 HA BEEN 
ies 8 
United Kingdom......... 300 567 
Total EE 26, 197 4, 144 
Asin: 
Hong Kong 144 
AA AAA PEA 8 
A EE EE 660 
Pakit e posto eo oN os a 1, 120 
Philippines 2, 000 
Fit ee 200 
o AA AR 4, 124 
Grand total: 
Quantity........... 323, 209 239, 549 
Vals aio $506, 624 $436, 208 


! Adjusted by Bureau of Mines, 
Source: Bureau of the Census. 


Vanadium ore, con- 
centrates, pentoxide, 
vanadic oxide, vana- 
dium oxide, and vana- 
dates (except chemi- 


Vanadium flue dust 

and other vanadium 

waste materials (va- 
nadiuin content) 
cally pure grade) 

(vanadium content) 


1960 1961 1960 1961 
8, R51 15,689 A, sea sect 
7, 369 7 E 
Me, Ge, FE 
16, 281 TTC 
302 VVV 
2.914 % E 
106 C. 
3, 502 Ia A m 
3,125,500 | 2249. 091 . . 
50, 489 | 1 1,080, 864 3,472 38, 391 
61, 711 AOL i — 
659, 579 / E 
533, 581 | — 43& 806 |.....------- 10, 090 
190, 147 143, 038 |. soi ccelo eee 
1,702,777 | 409, 614 70, 593 135, 427 
ee ** %% 
249, 821 89H WER eg 
„„ FT 
28 T 
6, 573,723 | 3,179,349 74, 065 183, wn 
„ 95 53 Ne 
784,970 ga 136 3, 760 425 
785,926 | — 956, 422 3,769 425 
7, 379, 432 | 14, 161, 978 77, 834 184, 323 
$14, 123, 653 |! $7,657,955 | — $59,359 $29, 077 


WORLD REVIEW 


Australia.—Geologists of Union Carbide Corp 


. investigated and 


evaluated vanadium resources in western Australia.® 


Finland. 


Finland produced approximately 7 percent of the 


world’s vanadium, most of which was consumed by the steel indus- 


tries of continental Europe.“ 


* Mining World. 
V. 22, No. 1, January 1961, p. 58. 
1 Engineering and Mining Journal. 


Oceana—Unton Carbide Prospecting Big Australian V,O, Deposits. 
Finland. 


V. 162, No. 2, April 1961, p. 166. 
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Germany, West.—Gesellschaft fur Elektrometallurgie mbH, a 
West German metallurgical company, announced the development of 
a new process for producing high-purity (99.9 percent) vanadium in 
large quantities. The process, described as chemical and metallother- 
mal, is based upon extraction of vanadium from vanadic acid under 
pressure at high temperature.” 


TABLE 8.—World production of vanadium in ores and concentrates, by countries’ 


(Short tons) 
Country 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: United States (recover- 
able vanadium) 2 3, 161 3, 691 3, 030 3,719 4,971 b, 343 
South America: 
Argentina (3) 2 4 4 (4) (9 
Peru (content of concentrate 227 EE AE, m ⁊ wr! y 
Europe: Finland 143 290 430 556 625 * 630 
Africa: 
Angola 7 12 1 20 n TA A EE 
Rhodesia and Nyasaland, Federa- 
tion of: Northern Rhodesla (re- 
covered vanadlium )))) I0 A dE, A A * 110 
Bouth-West Africa (recoverable va- 
E / es Se ed 571 283 435 719 838 1, 145 
Union of South Africa (Transvaal)..|............ 8 316 320 656 1, 422 
World total (estimate) ! 2 4, 024 4, 215 4, 235 5,321 7, 090 8, 650 


1 This table incorporates some revisions. 

2 Includes vanadium recovered as a byproduct of phosphate-rock mining, 1952-54, 

3 Less than one ton. 

4 Data not available. 

One year only, as 1956 was the first year of commercial production. 

$ Estimate. 

7 Average annual production 1955-58. 

8 Total represents data only for countries shown in table and excludes vanadium in ores produced in Congo, 
Republic of the (formerly Belgian), Mexico, Morocco, Norway, Spain, and U.S.S.R., for which figures are 
not ee the table also excludes quantities of vanadium recovered as byproducts from other ores and 
raw materials. 


Compiled by Pearl J. Thompson, Division of Foreign Activities. 


The West German Government required that all shipments of 
ferroalloys into the country be accompanied by a certificate of origin 
to prevent ferromolybdenum and ferrovanadium of Soviet bloc origin 
from entering freely via other western countries (for example, 
Canada).” 

Union of South Africa.—Production of vanadium in South Africa 
increased steadily during 1961 asa result of expansion at the vanadium 

roduction plant at Witbank of the Anglo-American Corporation of 
South Africa, Ltd. All vanadium produced in South Africa was 
shipped to Europe.” 


TECHNOLOGY 


The Bureau of Mines continued research on the production of high- 
purity vanadium alloys during 1961. Some of the work was directed 
to the determination of physical and mechanical properties of vana- 
dium and its alloys. The open-vessel method of reducing vanadium 
metal from vanadium pentoxide was successfully scaled up to produce 


1 (London). U.S. Uses More Vanadium. V. 256, No. 6549, Feb. 24, 
13 U.S. Embassy, Bonn, Germany, State Department Dispatch 897, Jan. 4, 1962. 
13 U.S. Embassy, Pretoria, South Africa, te Department Dispatch 175, Oct. 25, 1961. 


1302 MINERALS YEARBOOK, 1961 


15-pound ingots; eventually, 50-pound ingots of vanadium and vana- 
dium alloys were to be made. 

Chemical and galvanic corrosion tests conducted by Bureau 
metallurgists on high-purity vanadium and vandium-base alloys in- 
dicated that although vanadium has good corrosion resistance to 
sulfuric and hydrochloric acids at 35° and 60° C., the metal corrodes 
rapidly in nitric acid, 20-percent ferric chloride, and 5-percent mer- 
curic chloride solutions.“ 

During 1961, Bureau scientists reported the investigation and de- 
velopment of metallic reduction of vanadium chloride as a new method 
for preparing vanadium metal adaptable to large-scale plant produc- 
tion operation. 

Metal produced by the metallic reduction method was consolidated 
into ingots in a consumable-electrode are furnace designed for use 
with high-melting-point metals.“ 

Bureau metallurgists conducted investigation of the physical and 
mechanical properties of electrorefined vanadium to evaluate the 
workability, recrystallization, characteristics, and effect of interstitial 
elements. The study revealed that the properties of high-purity 
vanadium were greatly affected by small quantities of the interstitially 
soluble nonmetallic elements oxygen, nitrogen, and carbon. This 
study indicated that the strength and hardness of electrorefined vana- 
dium are functions of the oxygen content.” 

Thermodynamics was another field studied and reported on by Bu- 
reau scientists during 1961. Data reported were more accurate than 
previously available information. The heat-of-formation and free 
energy values were determined for four oxides of vanadium.’ 

Accurate thermodynamic data were also obtained on three sodium 

vanadates. This basic thermodynamic information will allow ac- 
curate calculations of metallurgical reactions involving interoxidic 
vanadium compounds.“ 
_ Vanadium was considered for use in medicine as a cure for harden- 
ing of the arteries. When tested on rabbits, vanadium in the form of 
vanadium salts stopped hardening by preventing fatty deposits from 
accumulating on the artery walls.” 

Oregon Metallurgical Corp, reported successful preparation of more 
than 55,000 pounds of high-purity vanadium. The metal was ob- 
tained by bomb reduction of high-purity vanadium chloride and was 
then consolidated into ingot forms by arc-melting. The corporation 


M Schlain, D., C. Kennhan, and W. Acherman. Corrosion Properties of High-Purity 
M oa, J. of the Less-Common Metals (Netherlands), v. 8, No. 6, December 1961, pp. 

‘ DW x 

18 Block, FR R. R. Brown, and M. J. Ferrante. Metallothermic Reduction of Vanadium 
Chlorides. BuMines Rept. of Inv. 5722, 1961, 17 np. 

18 Clites, P. G.. nnd E. D. Calvert. Laboratory-Senle Casting Furnace for High-Melting- 
Point Metals. BuMines Rept. of Inv. 5726. 1001, 13 pp. 

UV Romedell, J. D., W. L. O'Brien, J. S. Winston, and D. R. Schuyler II. Phretcal and 
oe Propertier of Electrorefined Vanadium. BuMines Rept. of Inv, 5769, 1961, 

pp. 

18 Mah, A. D. and K. R. Kelly. Heats and Free Energies of Formation of Oxides of 
Vanndinm. BuMines Rept of Inv. 5858, 1961, 11 pp. 

1 King. E G. nnd W. W Weller. Low-Temperature Heat Capacities and Entroptes of 
Three Sodinm Vanadates at 208 15° R. BuMines Rept. of Inv. 5715, 1961, XI 

? American Metal Market. Vanadium Cure Hardening of Artertes? V. , No. 234, 
Dec. 7, 1961, p. 20. 
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also produced spun-cast cylinders of pure vanadium 14 inches in 
diameter.” 

The principal use of high-purity vanadium has been as an alloying 
material in binary and ternary systems. These alloys exhibit the 
desirable properties of vanadium, excellent workability and ductility, 
low liquid-metal corrosion, low thermal-neutron cross section, and 
high melting point, but do not have the undesirable susceptibility to 
oxidation of pure vanadium. The columbium-vanadium alloys de- 
veloped by the metals zu to withstand high temperatures with- 
out significant loss of strength in space vehicles were produced com- 
mercially for the first time in 1961. Westinghouse Electric Corp. 
began producing a columbium-vanadium alloy (designated B-33) 
afd announced plans to produce B-66, an alloy of columbium, vana- 
dium, molybdenum, and zirconium, and B-77, an alloy of columbium, 
tungsten, vanadium, and zirconium.” 

Scientists at the Watertown Arsenal investigated titanium-vana- 
dium alloys, using charpy impact tests as the method of evaluation; 
this alloy system compared favorably with 4310 alloy steels.” Lighter 
weight, better corrosion resistance, and greater strength-weight ratios, 
were among the advantages offered by the titanium-vanadium alloys. 

Several vanadium alloys having both good hot-strength and oxida- 
tion-resistent properties were developed by U.S. Air Force investiga- 
tors.“ The most promising were, by percent, as follows: 50 vanadium, 
40 titanium, 5 aluminum, 5 chromium; 59 vanadium, 30 titanium, 
5 aluminum, 5 chromium 1 silicon; and 50 vanadium, 41 titanium, 
2 aluminum, 7 nickel. 

Metallurgists at Armour Research Foundation investigated vana- 
dium-base alloys for high temperature service. Binary vanadium-base 
alloys containing titanium, columbium, molybdenum, tantalum, and 
tungsten exhibited excellent strength at elevated temperatures. These 
alloys appeared to be superior to the best nickel and cobalt-base sheet 
materials on a density-corrected tensile strength basis at temperatures 
exceeding 2,000° F. 2 

Interest in methods of obtaining or using the vanadium in petroleum 
oils was reflected by the patents issued during 1961.2 


2 Journal of Metals. Pure Tungsten Castings. V. 13, No. 4, April 1961, p. 251. 

23 American Metal Market. New Columbium Alloys. V. 68, No. 206, Oct. 26, 1961, p. 17. 

2 Jannelli, A. A., and F. J. Rizzitano. Charpy Impact Tests of 4340 Steel and 6A1— 
6V-2Sn-Titantum Alloys Using Standard and Thin Charpy Specimens. Watertown Arsenal 
Rept. WAL TR 112.5/3, January 1962, 31 pp. 

Iron Age. Curbs Vanadium Oxidation. V. 188, No. 25, Dec. 21, 1961, p. 15. 

35 Holtz, F. C. High-Temperature Oxidation Protective Coatings for Vanadium-Base 
Allovs. Armour Research Foundation Rept. ARF 2227-2, Nov. 6. 1961, 13 pp. 

28 Northcott, R. P., and R. Lester (assigned to British Petroleum Co., Ltd.. London, Eng- 
land), Removal of Vanadium and/or Sodium From Petroleum Hydrocarbons: U.S. Pat. 
2,970,957, Feb. 7, 1061. 

Selbin, Joel (assigned to American Cvanamid Co New York, N. V.). Removal of Vana- 
dium From Petroleum Oils by Pyridine Treatment: U.S. Pat. 2.972.577, Feb, 21, 1961. 

Selbin, Joel (assigned to American Cyanamid Co., New York, N.Y.), Removal of Vana- 
dium From Petroleum Oils by Oxidation: U.S. Pat. 2.976.233. March 21, 1961. 

Kirk, James H. (assigned to Sinclair Refining Co., New York, N.Y ), Mineral Base Vana- 
dium-Containing Residual Fuel OU Composition and Method of Preparation: U.S. Pat. 
3,000.710, Sept. 19, 1961. 

Rocchint, A. G., and C. E. Trautman (assigned to Gulf Research and Development Co., 


EE Pa.), Wear-Reducing Lubricating Composition: U.S. Pat. 3,001,937, Sept. 26, 


Vermiculite 
By John W. Hartwell? and Nan C. Jensen“ 


A 


ONSUMPTION of vermiculite in the United States during 1961 
C remained the same as in 1960. Domestic crude production and 
imports both increased 4 percent. 


TABLE 1.—8alient vermiculite production statistics 


1901 
United States: 
Production: 

Crude...... thousand short tons.. 206 
Average value per ton.. $10. 26 
Exfoliated. .thousand short tons.. 151 
Average value per ton.. $71. 44 

World: Production, crude 
thousand short tons.. 279 


1 Average 1054-56. 
2 Revised figure. 


DOMESTIC PRODUCTION 


Crude Vermiculite.—Four producers reported an output of over 206,- 
000 short tons of crude vermiculite in 1961. Golden Clover Corp., 
Encampment, Wyo., reported production of 30 tons, valued at $300. 
Other producers were Zonolite Co., Libby, Mont., and Lanford, SC: 
Patterson Vermiculite Co., Enoree, SC: and American Vermiculite 
Co., Woodruff, S.C. 

Zonolite Co. stripped overburden from a 30-acre area adjacent to its 
producing pit in Montana to develop additional milling ore. In Mon- 
tana the screened and cleaned ude vermiculite, sold or used, was 
about 15 percent of the total ore mine, compared with an average of 
25 percent from mines in South Carolina. 

Exfoliated Vermiculite.—Production of exfoliated vermiculite was 
151,000 tons, the same as in 1960. The average value per ton increased 
$3.19, resulting in a 5-percent gain in value to $10,787,000. This rise 
in value per ton was principally due to increases in wages and other 
production costs. 

Reports from the 20th annual meeting of the vermiculite producers 
in association with the Vermiculite Institute indicated that large 


2 Commodity specialist, Division of Minerals. 
? Supervisory statistical assistant, Division of Minerals. 
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tonnages of vermiculite were being used for conditioning fertilizers 
and in mosquito abatement programs. Field testing of vermiculite 
as a carrier of granular DDT and paris green was planned in Dela- 
ware, Georgia, New Jersey, Virginia, and Washington. Similar work 
was being done in other States. 

A long-term soil-conditioning study at Pennsylvania State Uni- 
versity was sponsored by institute members, and a new fertilizer con- 
ditioner was being developed. 


TABLE 2.—Screened and cleaned domestic crude vermiculite sold or used by 
producers in the United States 


(Thousand short tons and thousand dollars) 


Year 


1952 56 (average) 
VO EECH 


Thousand 
short tons 


Sexe Cee ero e ée ée ër e ër a e e e e ër 2 


- - gem m e z e o p em gp ep ap e — 2 — 


BNSRES 


SA 2 —— 2222 2 — — 2 — —22 2 


1 Data not compiled before 1954. 
2 Revised figure. 


CONSUMPTION AND USES 


Available data indicated that the quantities of exfoliated vermicu- 
lite used in acoustical, fireproofing, and building plaster, in insulating 
cement, and as an aggregate remained about the same as in 1960. The 
total quantities used for insulation and agriculture increased although 
miscellaneous vermiculite uses, which included insulation for pipes, 
stoves, refrigerators, and safes and carriers for herbicides, fungicides, 
and fumigants, were slightly less. 


PRICES 


ESMJ Metal and Mineral Markets quoted nominal yearend prices 
for crude vermiculite as follows: Per short ton, f.o.b. mines, Montana, 
$9.50 to $18; South Africa, c.i.f. Atlantic ports, $24.75 to $38.50. 

The average mine value of all domestic crude vermiculite sold or 
used in 1961 was $16.26 per ton, compared with $15.62 in 1960, and 
$14.89 in 1959. 

The average value of all exfoliated vermiculite, f.o.b. processors' 
plants, was $71.44 per ton, compared with $68.25 (revised) in 1960. 
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FOREIGN TRADE 


Crude vermiculite was imported into the United States duty free. 
The Union of South Africa continued to be virtually the only source 
of imports. The United States received 18 percent of the South 
African exports, 2 percent less than in 1960; but the quantity im- 
ported was 517 tons more than in 1960. 


WORLD REVIEW 


The United States produced about 74 percent of the total world 
crude vermiculite, followed by the Union of South Africa with 26 
percent. Quantities produced by other countries were insignificant. 

Canada.—Canada exfoliated crude vermiculite that had been im- 

orted entirely from the United States and the Union of South Africa. 
Five companies at 10 locations exfoliated 312,000 cubic yards of ver- 
miculite valued at Can$2.1 million during 1960, a 9-percent decrease 
in Tn and value under 1959 production. Seventy-four percent 
of the exfoliated material was used as loose insulation, 18 percent in 
insulating plaster, 8 percent as an aggregate in concrete, and 5 per- 
cent for other uses.* 

Kuwait.—Studies were made on the use of exfoliated vermiculite for 
hydroponic farming and as a soil conditioner. In 1959, a British 
research team E Ce that 9 tons of exfoliated vermiculite per acre 
would be needed to make desert soil suitable for horticulture.‘ 


TABLE 4.— World production of vermiculite by countries 
(Short tons) 


— — | oe o 2 — —— 


een e 404-444-9999...» 


e e eege eege ee e e wm vm o e op e em mm — om wee ee ee lee —ü—U 82 — e leeeeeee ez e leeeeee e ez e leeee — e 


———— gr er e e om gr e 4o e o o e e op op «4 we ee ee ee e e 


-—— — B li ms wm e op wm wm e ce —— — » ees ee 111 —[— 4 2 — — 


Rhodesia and Nyasaland, Federation of: 
Southern Rhodesia. .................... 280 BO toca scoot A 


nana ] A BEE 20 157 
Union of South Afen... y 71,118 
United Arab Renublic (Eæypt F 334 302 331 13222 
United States (sold or used by producers). 183, 087 206, 579 206, 637 

World total 1222 247, 566 260, 607 278, 848 


2 Vermiculite is produced in Brazil and U.S.S.R., but data are not available, and no estimates of their 
uction are included in the total. 

3 'l'his table incorporates some revisions. 

8 Estimate. 


Source: Compiled by Helen L. Hunt, Division of Foreign Activities. 


s Wilson, H. S. Lightweight Aggregates, 1960 (Prelim). Department of Mines and 
Tech. Surveys, Min. Res. Div., Ottawa, Canada, Review 29, May 1961, 5 PR, 
* Mine and Quarry Engineering (London). New Oases? V. 27, No. 8, March 1961, 
13. 
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Union of South Africa.—Transvaal Ore Company, Ltd., continued to 
mine vermiculite at near capacity during 1961 from its mine near 
Phalaborwa in northeastern Transvaal. Reserves were reported good 
and an increase in output a possibility.* 

Principal countries to which the crude material was exported, in or- 
der of importance, were the United Kingdom, United States, Italy, 
France, and West Germany. 

U.S.8.R.—Several deposits of vermiculite were discovered on the 
Kola Peninsula. The Kovdora deposit was the only one explored 
in detail; it was estimated to contain 60 million tons of vermiculite 
ore. The ore grades from 1 to 45 percent vermiculite, averaging 14 

rcent. The ore body was a surface deposit with virtually no over- 

urden and no drainage problems. de concentrating plant was 
planned.* 


TABLE 5.—Union of South Africa: Exports of crude vermiculite by countries 


(Short tons) 
Destination 1961 
North America: 
Canada....... edu att A ² ⁵ CA ge A 2, 503 
Mee ⁵ĩVW—AA3 ĩð2I% VA desee e n 111 
Puerto TICO: õõͤùê⁰ſ ³W 5. ⅛ ͤ m0; y cad 151 
FFII o¹w A » ͥ¶⁰ſãy y eos ees 12. 913 
Routh America: Uruguay ss 108 2 
Europe: 
lll A dedere cd 13 
FE os heed EE 971 
AAA NI y y R57 
Finland 622 cose it CH HTTP DONE SENS 201 
FFI ⁵³⁰¹vÜ ] ] ]? ⁵ ̃ s we i ae DE ud M DE EID tes 9,133 
Germany EE 7,239 
nay e ͤ y 11. 154 
Netherlands = sce EE 1, 330 
ff p ñ ß E 359 
A A EE E at cus EU RE e 431 
Ser.. õ y ĩð 8 206 
United ee ee 18, 813 
Asia: 
C1 uae oe ede ³Ü¹¹¹. 124 
E EE EE 99 
A EE 334 
III see Howe A ⅛ ͤ ⁰⁰yʒdd PERPE 37 
ACCRA oes oat 7]]wũ. ꝛ⅛ Ä. ]! “Qp n ͤ teri ĩð v oat 3,0 
AAN AAA A , è : 
Rhodesia and N yasaland, Federation oi... Lc ll... 168 
Oceania: Australes C(ĩ?7˙⸗rx etek oats ones 1. 911 
Are ð y yy 
I œrmnοαndn EEN 71. 0^3 
a ] ↄDö A $1, 3.8. 20 
Average $15 60 


t This table Incorporates some revisions. 

3 Converted to U.S. currency at the rate of SA£ = US§$2.7971 (1960) and I rand equals US$1.3957 (1961). Ef 
fective Feb. 14, 1961, the new currency unit, the rand, replaces the pound. It is equívalent to 10 shillings 
or ka the former pound. 


Source: Compiled from Customs Returns of Union of South Africa by Bertha M. Duggan, Division of 
Foreign Activities. 


s U.S. Consulate General, Johannesburg, Union of South Africa. State Department 
Dispatch 7. July 7, 1961, p. 31. 
e Bureau of Mines. Mineral Trade Notes. V. 52, No. 2, February 1001, p. 81. 
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TECHNOLOGY 


A geologic map of a 400-square-mile area near Perth, Ontario was 
published. A brief description was attached which contained infor- 
mation on vermiculite and other minerals of economic interest.’ 

A 40-page handbook on vermiculite and its uses was published by 
Mandoval, Ltd. (London).“ 

A patent was granted for a method of grinding micaceous materials 
including vermiculite, either wet or dry, at a temperature range of 
800? to 1,600? F for at least 5 minutes.” 

A method of expanding vermiculite or perlite using a vertical sta- 
tionary furnace was described. 

A new semiportable furnace for exfoliating vermiculite was de- 
veloped and tested by Mandoval, Ltd. (London), importers of crude 
vermiculite. The new furnace provided a working temperature up to 
1,200° C. A special feature of the design allowed optimum heat to 
be applied equally to all particles. The furnace was designed to be 
mobile within the plant.” 

A method was devised in U.S.S.R. for testing vermiculite for new 
deposits for use in sound-absorbing and heat-insulating materials. 

A method of making a ready-mixed gypsum plaster containing 
exfoliated vermiculite or expanded perlite and a wetting-antifoaming 
agent was patented. 

An improved plaster mix for acoustical or insulating purposes 
using exfoliated vermiculite and other materials was described.“ 

A quick-setting, easily dissolved casting plaster for use in the fiber 
glass industry was composed of 7 to 13 parts each of exfoliated vermic- 
ulite and gypsum plaster, and one part of bentonite or kaolin.” 

The properties of a lightweight vermiculite concrete for use in un- 
derground structures were determined. Results indicated that for 
a cement-to-vermiculite mix of one-to-eight, the initial peak crush- 
ing strength was between 420 and 570 psi; the average crushing stress 
to produce 30-percent strain was between 350 and 450 psi. The energy 
dissipated to 30-percent strain was between 8.8 and 10.9 ft lb per cu 
in. 

The use of vermiculite in a compressible, lightweight ventilation 
brick by underground mines was proved successful.“ 


? Wilson, M. E., and Jean Dugas. 38215 of Perth, Lanark, and Leeds Counties, 
Ontario. Canada, Geol. Survey, Map 1089A, 1961; Geol. Sci. Abs., published by Am. Geol. 
inst.. v. 2, No. 11, November 1961, p. 6. 

10 Age (London). Vermiculite Publication. V. 85, No. 2188, June 17, 1061. 
p. 3. 

? Leblanc, R. British Pat. 872,231. July 5, 1961. 

1? Robinson, D. W. (assigned to Zonolite Co., Chicago, III.). Method of nnd Apparatus 
for Heat Processing Particulate Solids. U.S. Pat. 3,010,911, Nov. 28, 1961. 

11 Iron and Coal Trades Review (London). New Furnace for Exfoliation of Vermiculite. 
V. 182, No. 4836, Mar. 24, 1961, p. 647. 

12 Nikol’skly, G. G., and A. P. Pozhnin. (Testing of Vermiculite, Technology and Uses 
of Klee Base Concrete Products.) Referativnyy Zhur., Khimiya, No. 22, 1061, 
pp. « a» 7 9 ade 

13 Hampton, A. L. (assigned to United States Gypsum Co., Chicago, Ill). Plaster 
Composition. U.S. Pat. 2,980,548, Apr. 18, 1961. 

14 Sucettl. G. Dry plaster Mix omprising Aggregate, Clay, Cellulose Derivative and 
Amine Aldehyde Resin. U.S. Pat. 2,993,061, July 18, 1961. 

13 Clark, C. C., and D. V. Noble (assigned to each other, San Diego, Calif.). Casting 
Plaster. U.S. Pat. 3,007,803, Nov. 7, 1961. 

16 Covington, Clarke. Dynamic Energy-Absorbing Characteristics of Lightweight Ver- 
Ve Oe Univ. of Texas, Structural Mech. Res. Lab., Austin, Tex., DASA-1238, 

une " p. 

17 South African EE E Compressible, Light-Weight Ventila- 
tion Brick Passes Test. . 12, pt. 2, No. 3574, Aug. 4, 1961, p. 239. 
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Fire-resistant, acoustic, ceiling panels were made of gypsum plastic 
and exfoliated vermiculite or expanded perlite and mineral wool.” 

The Vermiculite Institute was striving to develop installation 
standards for vermiculite concrete roofs. Member companies were to 
assume responsibility for the quality of finished vermiculite roofs and 
to install them in strict accordance with the Institute’s specifications.” 

Fifteen brands of high-temperature block insulation, including 
those made of vermiculite, were evaluated for petrographic composi- 
tion, bulk density, permeability, modulus of rupture, resistance to 
water disintegration, hot compressive strength, refractoriness, and 
thermal conductivity. Four brands, including two of vermiculite, met 
tentative requirements for  blast-furnace-stove insulation. Six 
brands, including two of vermiculite, met tentative requirements for 
other steel-plant insulation.” 

A plastic insulating composition consisting of exfoliated vermiculite 
or expanded perlite, asbestos fiber, and other materials was patented.” 

The use of vermiculite as an insulator in kiln walls was investigated 
at the University of Pennsylvania. Vermiculite used as a core filler 
in masonry walls was reported to have reduced fuel and labor costs.?* 

A water-repellent aggregate was made by mixing bituminous par- 
ticles with exfoliated vermiculite or like products and heat treating.? 

A composition for filtering exhaust gases using exfoliated ver- 
miculite with bentonite and other materials was described.” 

A new method of filtering poisonous nitrous fumes in mines was 
developed. The fumes, produced from blasting, were filtered through 
a bed of vermiculite impregnated with special chemicals. 

A pneumatic apparatus for filling cavities with exfoliated ver- 
miculite, expanded perlite, or other lightweight insulating materials 
was described.: 

Exfoliated vermiculite impregnated with a pesticide was used as a 
coating for seeds.?' 

Uses for exfoliated vermiculite in a process of propagating grasses,” 
a method for making a cigarette filter,“ and as an animal litter and 
sanitary composition. 


19 Harris, J. Australlan Pat. 232,806. Feb. 17, 1961. 

? Pit and Quarry. New Vermiculite Policy Adopted by Vermleullte Institute. V. 54, 
No. 2. August 1961, p. 44. 

> Eusner, G. R.. and J. T. Shapland. Block Insulation for Stoves and Bustle Pipes. 
Am. Ceram. Soc. Bull.. v. 40, No. 7, July 1961, pp. 439-444. 

T Sucettl, G. Insulating Composition Containing Sodium Carboxymethricellalose, Alu- 
minum Acetate and Polyvinyl Acetate. U.S. Pat. 2,993.017. July 18, 1961. 

n Concrete. Less Steam is Needed In Kilns With New Meth of Insulation. V. 68, 
No. 11. November 1960. pp. 20, 26. 

s Goff, D. C., and G. E. Ziecler (assigned to Zonolite Co., Chicago, III.). Water Repel- 
lent Aczgrezate. US. Pat. 3.010.840, Nov. 28, 1961. 

N Duncan, D. D., and D. H. Wood. Method of and Filter for Purifying Exhaust Gases 
of Internal Combustion Engines. U.S. Pat. 3.000.692. Sept. 19, 1961. 
Ta Northern Miner (Toronto). Vermiculite Filters Remove Mine Fumes. V. 46, No. 50, 

nr. 9, 1961. p. 23. 

* Rlattner, R. H., and F. Blick (assigned to Expanded Perlite Ltd.). British Pat. 
871.655, June 28, 1901. 

7 Scott. D. B.. Jr. (assigned to Sollserve. Inc., Salinas Calif). Method for Treating 
Seeds. and Product of Said Method. U.S. Pat. 2.967.376, Jan. 10, 1961. 

® Tukacs, G. (assigned to Lawn Grass Pellets Co., Houston, Tex.). Method and Means 
for Propagating Stoloniferous Grasses and The Like. U.S. Pat. 3,009,289, Nov. 21, 1961. 

EE O. 8. Method for Forming Filter Cigarettes. U.S. Pat. 2,996,065, Aug. 15, 


961. 
= Jeckel, A. (assigned to Colibiri Hygiene Ltd.). British Pat. 878,423, Sept. 27, 1961. 
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A nitrogen fertilizer containing a filler such as vermiculite was 
patented. The high-water-retention capacity of the fertilizer per- 
mits it to be applied in the form of a water slurry to loosed soils.” 

Up to 5 percent sulfuric acid-treated crude vermiculite was mixed 
with prilled ammonium nitrate and other hygroscopic fertilizers to 
inhibit their caking tendencies.* In producing fertilizers, nitrogen 
oxide gases were absorbed with an aqueous suspension of vermiculite, 
bentonite, or glauconite, and the slurry ammoniated, dried and granu- 
lated. Another method of n fsrtilizers containing vermiculite 
was patented.“ 


m Szepesi, K., T. Jancso, E. Varga, and T. Varga. British Pat. 881,517. Nov. 1, 1961. 


82 Hayes, J. C. (assigned to Zonolite Co.). Canadian Pat. 624,435. July. 25, 1901. 
83 Szepesi, K., T. Jansco, and J. Varga. rocess for the Manufacture of Fertilizers Con- 
taining Water-Soluble Nitrogen Compounds. U.S. Pat. 2,991,170, July 4, 1961. 


* Harvey, E. W. (assigned to Allied Chemical Corp, New York, N. V.) Method of 
Making Mixed Fertilizers Containing Vermiculite. U.S. Pat. 8,006,753, Oct. 31, 1961. 
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Water 


By Robert T. MacMillan? 


A 


ATER SUPPLY measured by total streamflow continued to 
Wi» lower than normal in many of the Western States and par- 

ticularly in the Southwest. Although potential supply was 
normal or above in most other parts of the Nation, the long-range 
supply situation continued to cause concern as growth in population, 
industry, and pollution demanded ever-increasing quantities of po- 
table water. Several objectives were achieved in the program of the 
Federal Government to insure adequate water supply for the future. 


LEGISLATION AND GOVERNMENT PROGRAMS 


A bill was passed extending and expanding the Federal Water Pol- 
lution Control Act (33 U.S.C. 466-4663). Public Law 87-88 author- 
ized the Secretary of the Department of Health, Education, and 
Welfare to assume responsibility for administering the act in place 
of the Surgeon General who formerly held this responsibility? A sum 
not to exceed $25 million was authorized to conduct basic and applied 
research needed to determine practical means of treating sewage and 
waterborne wastes to remove maximum quantities of pollutants so 
that the treated water would be suitable for repeated reuse. Field 
laboratories were authorized to be established and equipped in various 
sections of the United States to conduct experiments and demonstra- 
tions relating to the prevention and control of water pollution. Con- 
struction grants totaling $570 million were authorized through fiscal 
year 1966. 

The final report of the Senate Select Committee on National Water 
Resources was published.“ Besides summarizing the individual re- 
ports on various aspects of water resource problems, the report con- 
tains the conclusions and recommendations of the Committee the 
magnitude of the problem required the use of every available means 
for its solution, including (1) regulating streamflow by constructing 
surface reservoirs and improving watershed management; (2) promot- 
ing more adequate pollution abatement programs to improve water 
quality in the Nation’s streams; (3) using underground storage facil- 
ities to better advantage; (4) eliminating all wasteful water-use prac- 
tices; (5) improving sewage treatment, water recirculation, and 


1Commodity specialist, Division of Minerals. 

3 U.S. Congress. Federal Water Pollution Control Act Admendments of 1961. U.B. 
Government Printing Office, Public Law 87-88, July 20, 1961, 75 Stat. 204-210. 

3 Select Committee on Natlonal Water Resources. Report of the Select Committee on 
National Water Resources. U.S. Sennte Committee Print No. 29, January 1961, 147 pp. 
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irrigation efficiency; and (6) increasing natural water supplies by 
weather modification, saline water conversion, and other artifical 
means. 

It was recommended that the Federal Government, in cooperation 
with the States, prepare and keep up-to-date comprehensive water de- 
velopment plans for all the major river basins of the United States. 
The ultimate need for optimum development of all water resources 
should be considered and long-range water demands for all purposes, 
including streamflow regulation, outdoor recreation, and the preserva- 
tion of fish and wildlife, should be taken into account. 

The Committee further recommended that the Federal Government 
undertake a coordinated scientific research program on water encoin- 
passing basic research on atmospheric physics, solar activity, hydrol- 
ogy of groundwater, physical chemistry and molecular structure of 
water, climatic cycles, and other natural phenomena related to water 
and the application of the principles derived from this research to- 
ward weather modification, evaporation reduction, desalinization, pol- 
lution abatement, and water storage. It also recommended that the 
Federal Government stimulate active participation by the States 
in long-range water resource planning by setting up a 10-year 
program of grants to be matched by the States. 

The cost of the program to insure adequate water supply for the 
United States was estimated to be $42.2 billion by 1980 and $81.6 bil- 
hon by the year 2000. 

New legislation to expand and extend the saline water conversion 
pou of the U.S. Department of the Interior was enacted.* The 

aline Water Act of 1959 (66 Stat. 398), as amended (49 U.S.C. 1951- 
58), was further amended to provide for an expanded Federal pro- 

am of fundamental research and engineering development to 

iscover the best and most economical means of making saline water 
suitable for beneficial consumptive purposes. Construction and op- 
eration of demonstration plants other than the five already authorized 
would require congressional approval. A sum not to exceed $75 mil- 
lion was anthorized to carry out the provisions of the act during 
the period 1962-67. 

The Office of Saline Water announced the opening of two demon- 
stration plants and the completion of a third.‘ I wo other plants were 
in the construction or planning stage. 

On June 91, 1961, the first demonstration plant was opened officially 
by President Kennedy through remote control from his office in the 

ite House. The plant in Freeport, Tex., exceeded expectations in 
many respects and produced 1 million gallons per day of potable water 
from sea water by distillation, using long-tube vertical evaporators ar- 
ranged in 12 effects. 

The second demonstration plant was dedicated at Webster, S. Dak. 
Using brackish water (1.800 parts per million dissolved solids) this 
plant produced 250,000 gallons per duy of potable water using an ele. 
trolytic membrane process. | 


4 F. d. Congress. Saline Water Conversion Program. UR Government Printing Office. 
Public Law 87-295, Sept, 22, 1961. 75 Stat. 624, 

8 U.S. Department of the Interior, Saline Water Conversion Report for 1961. January 
1962, 123 pp. 
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At. San Diego, Calif., construction was completed on a 1-million- 
gallon-per-day flash-evaporation plant designed to operate on sea 
water. Testing procedures were underway at the close of the year. 

Bids were received for constructing a forced-circulation vapor-com- 
pression demonstration plant at Roswell, N. Mex. The plant was de- 
signed to convert an especially corrosive type of brackish water into 
potable water. 

A site was chosen at Wrightsville Beach, N.C., for the fifth and 
last of the series of demonstration plants. It was designed to produce 
250,000 gallons of potable water per day from sea water, using a 
freezing process. 

Lower activity was reported under the Joint Federal-State Anthra- 
cite Mine Water Control Program established in 1955. One new proj- 
ect was authorized in 1961, raising the total to 29 mine-water control 
projects having Federal participation. The projects included the in- 
stallation of pumps to control ground water EE and surface drain- 
age improvements to prevent surface water from entering mines. 

Revised Federal Specifications for drinking water used on inter- 
state carriers were established by the Department of Health, Educa- 
tion, and Welfare. Bacteriological standards remained about the 
same as in the previous specification, issued in 1946, but limits for 
certain chemical pollutants were included and radioactivity limits 
were established in microcuries per liter as follows: 3 for radium 226, 
10 for strontium 90, and 1,000 for gross beta activity.® 


DOMESTIC SUPPLY 


The flow of water or runoff of major river svstems is a convenient 
measure of potential water supply. In 1961 the runoff was deficient 
in a belt extending from Arizona and California northeastward to 
Montana and North Dakota. In most other States west of the 100th 
meridian runoff was average except for sections near the Gulf of 
Mexico and the Pacific Northwest a es it was above average. Poten- 
tial water supply in the Eastern States was mostly average except for 
areas of the Southern and Central States where it was above average. 
An area of deficiency extended from New Hampshire westward 
into Canada and southward into Ohio and Michigan. 

In 1961 the average flow of the Mississippi River at Vicksburg, 
Miss., was 102 percent of median; near the Grand Canyon the average 
flow of the Colorado River was only 62 percent of the median. The 
flow of the Columbia River at The Dalles, Oreg., was 101 percent of 
median after adjusting for change of storage in eight major power 
reservoirs. In the Northeast the average flow of the St. Lawrence 
River at Lake St. Lawrence was 98 percent of the median.? 

Recordbreaking floods 9 in Alabama and Mississippi, and 
parts of Texas and Louisiana were flooded by exceptionally high tides 
caused by Hurricane Carla. Local floods occurred in several other 
Southern and Central States and in Oregon and Hawaii. 


* Chemistry. Drinking Water Standards. V. 35, No. 2, October 1961, p. 29. 

T Geological Survey (in collaboration with Canada—Departiment of Northern Affairs and 
Aurel sources). Water Resources Review. Annual Summury, Water Year 1961, 

pp. 
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Water storage in major power reservoirs continued to be above 
average with few exceptions; however, water levels in irrigation 
reservoirs were generally below average. Municipal and industria! 
storage was about average or slightly below. Contents of Lakes Mead 
and Mohave were 95 percent of average, about 10 percent less than in 
1960. Missouri River reservoirs contained about 30 percent less water 
than in 1960. The level of water in Great Salt Lake continued to 
decline and reached a new low in 1961. 

Ground water levels fluctuated seasonally and were near normal 
in most Eastern States except where changes in pumping rates either 
raised or lowered the water table. In many Western States, particu- 
larly in the Southwest where ground water pumpage was high, the 
ground water levels continued to fall. 


CONSUMPTION AND USES 


Estimates of total water withdrawal use in 1961 ranged up to 320 
billion gallons per day.* Slightly more than half was used by in- 
dustry; another large percentage was used for 5 and the 
remaining portion, about 8 percent, was for municipal and rural use. 
Water withdrawn for generating 5 power was estimated 
at 2,000 billion gallons per day including reuse. This quantity was 
excluded from other withdrawal estimates, because it is returned to the 
stream immediately and is available for reuse without treatment by 
downstream users. Non withdrawal uses of water include navigation, 
recreation, waste dilution, and conservation of wildlife. 

The third in a series of comprehensive surveys of the water use in 
the United States was published by the Geological Survey.“ The 
use of water by industry increased 27 percent since the previous survey 
in 1955; water for public supply increased 23 percent; irrigation 
water, excluding conveyance losses, increased 4 percent; and water 
for rural use remained the same. Hydroelectric power requirements, 
often considered separately from other withdrawal uses, increased 33 
percent in the 5-year period, and the use of saline water almost 
doubled. 

The upper limit of water supply for the United States was consid- 
ered to be the average annual runoff of nearly 1,200 billion gallons per 
day. Estimated withdrawal use was less than one-quarter of this total, 
and actual water consumption (evaporation or incorporation in a 
product) was less than one-quarter of that withdrawn. However, 
available water supply, which was based to some degree on the cost 
of development, was much closer to the quantity of water withdrawn. 

Estimates of water injected into oil-bearing strata for the secondary 
recovery of oil and for the maintenance of pressure in producing fields 
were made by Bureau of Mines engineers. About 3.3 billion barrels 
of water (1 barrel equals 42 gallons) was used in the secondary re- 
covery of 334 million barrels of oil in 1961—an increase, compared 
with 1960, of more than 20 percent in both water used and oil re- 
covered. Of the water injected approximately 65 percent was saline 


8 Chemical Week. Water. V. 89, No. 14, Oct. 7, 1961, pp. 50-75. 
* Mackichan, K. A., and J. C. Kammerer. Estimated Use of Water in the United States 


1960. Geol. Survey Circ. 456, 1961, 44 pp. 
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and the remainder fresh. Water injected for pressure maintenance 
was about the same as in 1960 and was estimated at 850 million barrels, 
aiding in the production of 208 million barrels of oil. Of the water 
injected, 80 percent was saline and the remainder fresh. A percentage 
of the water used for both secondary recovery and pressure mainte- 
nance in oil fields was reinjected. 


PRICES 


Prices paid for water varied widely depending on the area and the 
type of use. Average municipal water costs for each water resource 
region ranged from 14 to 28 cents per thousand gallons in 1960; prices 
in 1961 were not changed significantly.'?^ In specific instances water 
costs exceeded 45 cents per thousand gallons. 

Water used by industry was largely self-supplied, and costs de- 
pended on the quality of the raw water available and the purity 
requirements of the process water consumed. Irrigation water was 
usually much less costly than municipal water; farmers in the Im- 
perial Valley of California paid $2 per acre foot or about 0.6 cent 
per thousand gallons. Costs between 5 and 10 cents per thousand 
gallons were common. 

The price of heavy water available for sale or lease by the Atomic 
Energy Commission was maintained at $28 per pound. Leasing 
charges were 4 percent per year for the monetary value of the water. 
The ECH period was 5 years for domestic reactors; for foreign reactors 
it was for the estimated life of the reactor. 

Costs of desalted water also varied depending on the saltiness of the 
water, the type of conversion process, and the size of the plant. Cost 
of converting sea water in 1-million-gallon-per-day distillation plants, 
including amortization of the plant and equipment, was estimated to 
be between $1 and $1.25 per thousand gallons. Plants having larger 
capacities were theoretically capable of converting water at corre- 
dE lower costs. Initial data indicate a conversion cost of 
about 85 cents per thousand gallons for the Webster, S. Dak., demon- 
stration plant. Starting with water containing 1,800 parts per million 
of impurities, the plant was designed to produce 250,000 gallons per 
day of water containing 300 parts per million of impurities. 


FOREIGN TRADE 


Heavy water (IO) continued to be produced from ordinary water 
at the Savannah River plant of the Atomic Energy Commission. 
Under a cooperative agreement with Canada to develop heavy-water- 
moderated reactors, 169,500 pounds of heavy water was sold to Canada. 
Smaller quantities were supplied to Norway and Australia. Heavy 
water has an advantage over light water as a moderator in nuclear 
reactors and enables natural uranium to be used as fuel." About 500 
tons of heavy water had been sold to foreign nations since 1955. 


10 Select Committee on National Water Resources. Water Resources Activities in the 
United States. U.S. Senate Committee Print No. 7, 1960, 23 pp. 

u Materials Research and Standards. Uncle Sam Heavy Supplier of Heavy Water. 
V. 1, No. 8, September 1961, pp. 743, 748. 
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WORLD REVIEW 


A total of 16 sea-water distillation plants with capacities ranging 
from 0.1 to 3.5 million gallons per day were reported to be in opera- 
tion in various parts of the world? Aggregate capacity was said to 
be under 15 million gallons per day; however, many larger and greatly 
Improved plants were planned. More than 30 countries had con- 
ducted studies in salt water conversion methods. 

Water pollution problems were reported in many nations, including 
the United Kingdom and the U.S.S.R.” The Applied Research Com- 
mittee of the Organization of European Economic Cooperation recom- 
mended improvements in international cooperation in regard to water 
pe en problems. Standardization of sampling methods and ana- 
ytical techniques as well as emphasis on detergent pollution problems 
were advocated.’ | m 

A survey of the fresh water needs which might be met by saline 
water conversion in 40 nations was conducted by the Bureau of For- 
eign Commerce. Replies were received from Argentina, Ceylon, 
Ecuador, French West Indies (Martinique), Haiti, Jordan, Mexico, 
Morocco, Portugal, Trinidad, and Turkey. 


TECHNOLOGY 


Saline water conversion was becoming a large industry in 1961. 
More than 50 U.S. firms were engaged in research, development, and 
production relating to desalting water. In addition, 20 or more uni- 
versities, research organizations, and individuals were conducting 
research in this field.“ 

The program of the Office of Saline Water (OSW) advanced 
steadily. Four of the five demonstration plants originally author- 
ized were either operating or under construction; plans for the fifth 
plant were advancing. ‘The purpose of the demonstration plant pro- 
rram was to gain practical knowledge and operating experience on 
See different types of saline water conversion plants of up to 1-million- 
gallon-per-day capacity; however, the most important function of the 
saline water program was to conduct fundamental research aimed at 
gaining new knowledge, concepts, and ideas broadly applicable to 
conversion processes and to all areas of natural science and engineer- 
ing. The bs success of low-cost water desalinization was thought 
to be in the development of novel processes and combinations rather 
than in older processes which were being tested. 

The Division of Research of the OSW was supporting, through 
contracts with and grants to universities and research organizations, 
the following areas of interest relevant to the conversion of saline 
water: (1) Composition, structure, and properties of water ions, 


Y Technical Survey. Water Nan Treatment. V. 17. No. 14, Apr. 8. 1961, p. 242. 

B Chemical Trade Journal and Chemical Engineer (London). Water Pollution Research. 
V. 149. No. 3881. Oct. 20, 1961, pp. S82, 554, ; 

Chemical Week. The Russians Are Having Trouble With Water Pollution Too. V. 89, 
No. 21, Nov. 1961, p. 47. 

" Chemical Age (London). OLEC Urges World Cooperation on Water Pollution Re 
search. V. 85, No. 2180, Apr. 22, 1961, p. 658. 

15 Steel. Sweet Water from Salty Seas. V. 149, No. 6, Aug. 7, 1961, pp. 41-44. 
199 2) Department of the Interior. Saline Water Conversion Report for 1961. January 

62, 123 pp. 
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aqueous solutions, chelates, hydrates, and crystalline and polymeric 
materials; (2) studies in the transfer of mass, energy, charge, and 
momentum; (3) phase transitions of gases, liquids, and solids, includ- 
ing nucleation and crystal growth; (4) colloid and surface chemistry 
and physics; (5) biological and organic exchange systems; and (6) 
economic studies. 

Research studies during 1961 included (1) the removal of scale- 
forming compounds from sea water prior to conversion, (2) de- 
mineralization by hydrate formation, (3) study of scale deposition on 
heated surfaces, (4) electrical demineralization on carbon electrodes of 
large surface area, (5) use of vibrations to improve heat-transfer rates 
Se reduce scaling, (6) studies on the preparation of polymer films, 
(7) the effect of impressing an electrostatic field on the salt water/air 
interface, and (8) the utilization of radioactive wastes from nuclear 
reactors as heat sources for conversion processes. 

In addition to the above studies, development continued on several 
types of distillation processes, solar distillation, a number of processes 
involving membranes, an ion exchange processes, freezing processes, 
and processes involving gas hydrates and solvent extraction. 

Water-pollution problems received increasing attention, particu- 
larly with regard to effect of synthetic detergents containing alkyl 
benzene sulfonate (ABS). The resistance of this compound to bio- 
chemical degradation was responsible for frothing problems in streams 
receiving sewage treatment plant effluents. Although the compound 
was not considered toxic, its presence in water was unappealing. Sev- 
eral detergents which are more subject to biodegradation were known, 
but they were more expensive and less efficient than ABS. More 
efficient sewage treatment plants were considered to help solve the 
problem.“ 

Development of methods for conserving water now wasted were 
advocated.: In addition to retarding surface evaporation from reser- 
voirs by thin films of hexadecanol, the use of an emulsified petroleum 
compound was claimed to reduce water seepage through earthen 
canals by forming an impermeable layer at a predetermined depth in 
the soil. The emulsion was said to have no effect on plants or animals. 

A secondary sewage treatment process was tested in which algae 
were used to remove calcium, magnesium, bicarbonate, nitrate, sulfate, 
and phosphate ions from the eflluent of conventional sewage treat- 
ment plants. The successful growth of aleae was attributed to the 
addition of carbon dioxide to the sewage effluent water. 

Algae failed to remove ABS from the sewage effluent: however, 
an electrodialysis process, designed to remove ABS and other wastes 
me qus through conventional sewage treatment plants, was being 
studied. 

Government-operated heating and power plants continued to re- 
ceive consulting boiler-water service from the Bureau of Mines 


1 ek New Challenge in Water Cleanup. V. 89, No. 6, Aug. 19, 1961, 
pp. 41, 42, 45, 46. 

18 Chemical Engineering. Wave of Developments Aims at Salvaging Water. V. 68, 
No. 17, Aug. 21, 1961, pp. 60, 62. 
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through its Industrial Water Laboratory. Boiler-water-testing 
equipment and de aru; were distributed to various plants to provide 
uality control of both boiler-feed-water and condensate return. 
bout 13,500 water and condensate samples were analyzed from more 
than 10,000 boilers. These analyses were helpful in spotting and cor- 
recting corrosion problems in boilers and condensate return lines. 


Zinc 
By H. J. Schroeder! and Esther B. Miller? 
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HE DOMESTIC zinc industry recorded & 6-percent increase in 
ES zinc consumption, a 4-percent increase in slab zinc production, 

and a 7-percent increase in mine output. Smelter output was cur- 
tailed from February through September; however, increased con- 
sumption after April finally led to significantly stepped-up production 
in the last 3 months of the year. Producer stocks decim 40,000 tons 
to 145,500 tons, and consumer stocks increased 25,000 tons to 93,800 
tons. 

Prices decreased from 12.0 to 11.5 cents a pound, East St. Louis, in 
early January and remained at this level until December 1, when the 
price returned to 19.0 cents. 

Import quotas remained in effect, and general imports decreased 6 
percent to 543,300 tons for ores and metal combined. Exports of zinc 
metal decreased 33 percent to 50,100 tons. 

Government stockpiles contained 1,580,000 tons of zinc. No addi- 
tions or withdrawals were made during the year. 

Authorizing legislation was passed, but funds remain to be appro- 
priated for subsidy payments to qualified small lead-zinc producers. 


LEGISLATION AND GOVERNMENT PROGRAMS 


The International Lead-Zinc Study Group held meetings at Mexico 
City March 20-24 and at Geneva October 18-24. Worldwide statis- 
tics showed record zinc consumption in 1960 and an indicated increase 
for 1961. At the October meeting it was estimated that metal sup- 
ply would exceed consumption by 66,000 tons. 


! Commodity specialist, Division of Minerals. 

3 Statistical assistant, Division of Minerals. 

* Figures on por and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Foreign Activities, Bureau of Mines, from reports of the U.S. Department of 
Commerce, Bureau of the Census. 
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FIGURE 1.—Trends in the zinc industry in the United States, 1920-61. Consump- 
tion figures represent primary slab zinc plus zinc contained in pigments made 
directly from ore. 


No specific action was undertaken to curtail further increases in 
zinc stocks. A special group was established to study the causes and 
possible solution of the instability in lead-zinc markets. 

Import quotas on zinc metal and ore, established October 1, 1958, 
were in effect throughout 1961. The annual quotas were set at 80 
percent of the U.S. average annual competitive import rate from 
1953 through 1957—379,840 tons of zinc in ore and 141,120 tons of 
zinc in pigs, slabs, and certain other forms. 

On October 2, the U.S. Tariff Commission submitted a second 
periodic report to the President, advising that conditions had not 
changed enough to warrant a formal gary into the question of 
relaxing existing restrictions on imports of unmanufactured lead and 
„inc. In response to a U.S. Senate resolution, the Tariff Commis- 
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TABLE 1.—Salient zino statistics 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 
Production: 
Domestic ores, recoverable 
content........ short tons..| 548,783 531, 735 412, 005 425. 303 435, 427 404, 390 
Value....... thousands. $145,119 | $123, 235 $84, 113 $97,787 | $112,365 | $106, 848 
Slab zinc: 


From domestic ores Ae 
short tons.. 500, 917 539, 692 340, 240 348, 443 | 1334, 101 419, 206 


From forcign ores. do 413, 108 446, 104 435, 006 450, 223 | 1 465, 415 427, 589 
From scrap do.... 62, 833 72, 481 46, 605 57, 818 68, 731 65, 237 
Total. do 976, 858 | 1,058,277 | 2827, 851 2 856, 484 | 12868, 247 | 2 902, 032 
Secondary zinc 2... do 230, 765 192, 367 184, 182 219, 027 197, 810 183, 357 
Imports (general): 
Oies (zinc content) .. do 484, 436 526, 014 461, 560 500,115 | 1457, 155 415, 700 
Slab zinc.............. do....| 189, 563 269, 007 195, 199 156, 963 120, 767 | K 562 
Exports of slab zinc do.... 25, 512 10, 785 2, 073 11, 629 75, 144 50, 055 
Stocks, December 31: 
At producer plants.. do 98, 910 155. 833 184, 020 156,210 | 1185, 882 145, 540 
At consumer plants...do....| 101,863 88, 342 93, 609 102, 428 1 68, 871 93, 782 
Consumption: 
All classes 6............do....| 1,305,359 | 1,231,593 | 1,142,165 | 1,278,376 | 1,158, 938 | 1, 207, 469 
Price, Prime Western, East St. 
uis........ cents per pcund.. 12. 71 11. 40 10. 31 11. 46 12. 95 11. 55 
World: 
Production: 
Mine............ short tons. 3,140, 000 |13, 470, 000 |13, 360, 000 |13, 380. 000 |13, 500, 000 | 3, 720, 000 
S8melter............... do....| 2, 780, 000 |13, 200, 000 |13, 010, 000 |13, 120, 000 |13, 280. 000 | 3, 550, 000 
Price: Prirne Western London 
cents per pound.. 12. 25 10. 18 8. 24 10. 27 11. 05 9. 78 


1 Revised figure. 

2 Includes production of zinc used directly in alloying operations. 

$ Excludes redistilled slab zinc. 

* Includes slab zinc, recoverable zinc content of ores and secondary zine. 


sion boran an investigation to update the March 1960 report to Con- 
gress relating to the lead-zinc industries and scheduled public hearings 
1n this connection for January 16, 1962. 

Authorizing legislation was passed, but funds were not appro- 
priated, for subsidy payments to Se in 1962 for small lead-zinc pro- 
ducers. Those qualifying would receive payment for the difference 
between the market price of zinc and 1415 cents per pound. 

Zinc was not included in 1961 on the U.S. Department of Agricul- 
ture, Commodity Credit Corporation (CCC) list for barter of sur- 
plus perishable goods for foreign produced metal. No deliveries were 
made against previous contracts, and the 323,925 tons acquired from 
oe SE 1960 under this program remained in the supplementary 
stockpile. ! 

The Office of Minerals Exploration Ke authorized in 1958 
as the successor to the Defense Minerals Exploration Administration, 
continued to encourage exploration of strategic and critica] minerals 
and metals. Exploration assistance for zinc by the Government 
amounts to 50 percent of the approved costs of qualifying projects. 
During 1961, OME received 25 applications requesting aid in explor- 
ing for zinc or zinc and other metals. Eleven of these applications 
were denied, five were withdrawn, four were still under consideration 
and five contracts were awarded; Government participation totaled 
$175,205. One discovery was certified, making a total of 95 certified 
discoveries or developments in zinc-bearing ore under the DMEA- 
OME program. 
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TABLE 2.—OME contracts involving lead and zinc executed in 1961, by States 


Date a Total 
prove amount! 


— RAED || AA Rr SS — ——— 


State and contractor 


Colorado: 
Consolidated Parnett Corp. lington............] Summit. June 23 $49, 700 
Humphreys Exploration Co... I0]... ence Sept. 12 187, 69 
Montana: 
Swansea Mines, Ine... Carbonate. Lewis and Clark. June 5 18, 260 
Oregon: 
Enea Empire Mining Co..| Musick Mine.........| Lane.................. May 10 54, 300 


Larsen, Olen L..... Iron Blossom..........| Juab and Summit.....| Aug. 17 40, 550 


Sea eG —— 2 zs ess eege 4 22 ——[ᷣ— 2 P —2— —2— 414 — — egeeedeegeeleeeeeeeee e 


Government participation was 50 percent in exploration projects for lead and zinc in 1961. 


DOMESTIC PRODUCTION 
MINE PRODUCTION 


Mine production of recoverable zinc was 464,400 tons, an increase 
of 7 percent; 1961 was the third successive year of increased output. 
The year was almost free of labor strikes, and there were no pro- 
nounced monthly variations in production. States east of the Missis- 
sippi River accounted for 50 percent of total output; Western States, 
48 percent; and West Central States, 2 percent. 

Tennessee continued to be the leading zinc-producing State, al- 
though marketing conditions caused curtailments in operations lead- 
ing to an 11-percent decline from the 1960 output. The Jefferson City 
mine of The New Jersey Zinc Co. suspended operations in November 
due to severe flooding when a water-bearing fault was encountered. 
New Market Zinc Co., jointly owned by American Zinc Co. of Tennes- 
see and Tri-State Zinc, Inc., began shaft sinking on property southwest 
of New Market, Tenn., and construction of a mill with initial capacity 
of 2,800 tons of ore daily. The mill was scheduled to be in operation 
in the fall of 1962, and ore was to be supplied by American Zinc's Coy, 
Grasselli, and Young mines until underground development at the 
new property would permit mining at a rate equal to the milling 
capacity.* 

Production in Idaho increased 58 percent to 58,300 tons of zinc, the 
largest quantity mined since 1954; this amount was sufficient to make 
Idaho the leading producer in the Western States and second in the 
Nation. The Star mine of The Bunker Hill Co. continued to be the 
p napal zinc mine in the State. Other major zinc producers were 

age mine of American Smelting and Refining Co. and Bunker Hill 
mine of The Bunker Hill Co. 

New York’s production decreased 17 percent to 54,800 tons. Output 
declined because the workweek was reduced from 48 to 40 hours at the 
end of February at Balmat and Edwards mines of St. Joseph Lead 
Co., the only zinc producer in the State.’ 

Increased output in Colorado, from 31,300 to 42,600 tons, reflected 
absence of labor strikes which reduced production in 1960. Lead- 


* American Zinc. Tead & Smelting Co., Annual Report. 1961, pp. 10-11. 
ë St. Joseph Lead Co., Annual Report. 1961, p. 8. 
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TABLE 3.—Mine production of recoverable zinc in the United States, by States 
(Short tons) 


5 


GE ⁵ ⁵ ectvewloses 35, 811 29, 585 
I ]˙²˙ ... y ß y GE 50 37 
Celitornia .oocococccccoconococccnoonoo.- 465 304 
BT, EE E 31, 278 42, 647 
r EE 36, 801 58, 205 
IIIe . eee ee , 550 26, 795 
A RA ecce e ee Maas 2, 117 2, 444 
Kentucky eege Ehe ee 869 1, 147 
Missouri 2, 821 5, 847 
ISE rrr erc se cr r- 12, 551 10, 262 
NevBdB. mos EE 420 453 
New Jerseꝶ / 31, 723 12,530 | 607 l. 112 
New Merſcooo ssec. 13, 770 22, 900 
New YOIK... uan ceed Ee 66, 364 54, 763 
North Carona cess olo elo f!ſl!]]!ã¶ EA AMES 
Oklsahomg een noo. 2, 332 8, 148 
ÄRE, . vwd pex 
Pennsylvansaa nl j : 13, 746 23, 428 
Tennesse 50, 130 


ae eem ez eege ee ee eme cr ‚ IIC 444 ͤ fl cr forro ““! 1 » 


cera cr e emm —— ' ee ee 22 22 2 


ing zinc producing mines were Eagle of The New Jersey Zinc Co.; 
Idarado of Idarado Mining Co.; Camp Bird of Camp Bird Colorado, 
Inc.; Emperius of Emperius Mining Co.; and Rico Argentine of Rico 
Argentine Mining Co. The Idarado Mining Co. reported milling 406,- 
500 tons of ore during the year and having reserves at the end of the 
year of 3.5 million tons containing 4.2 percent zinc, 3.0 percent lead, 
and 0.8 percent copper.* 

Mine output in Utah increased 5 percent. The United States and 
Lark mine of United States Smelting, Refining and Mining Co. was 
the ee producer in the State. Other producers were United 
Park City Mines Co., International Smelting & Refining Co., and New 
Park Mining Co. 

Arizona mine output declined 17 percent, largely due to a 2-month 
strike at the Iron King mine of Shattuck Denn Corp., the State’s lead- 
ing producer. Included in other zinc mines operating during the 
year were Old Dick of Cyprus Mines Corp. Johnson Camp of 
McFarland & Hullinger, Atlas of B. S. & K. Mining Co., and Flux 
of Nash & McFarland. 

Virginia output was 29,200 tons, the largest quantity reported for 
the 1938-61 period. Prior output figures were combined with other 
states and cannot be compared. The New Jersey Zinc Co. treated ore 
at its Austinville mill from the company's Austinville and Ivanhoe 
mines. Tri-State Zinc Co., Inc., operated a mine and mill at Tim- 
berville. 

In the northern Illinois-Wisconsin district, output declined owing 
to marketing conditions. Producers included The Eagle-Picher Co.; 
Tri-State Zinc Co., Inc.; American Zinc, Lead and Smelting Co.; 
and Piquette Mining and Milling Co. The New Jersey Zinc Co. 


* Newmont Mining Corp. Annual Report. 1961, p. 10. 
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continued development at its new mine near Elmo, but deferred 
planned construction of a mill. | 

Pennsylvania’s output increased to 23,400 tons, the largest produc- 
tion since The New Jersey Zinc Co. opened a mine near Friedensville 
in 1958, re-establishing zinc production in the State after a lapse 
of more than 60 years. 

Production in New Mexico increased from 13,800 to 22,900 tons, 
largely owing to reactivation of the Peru Mining Co. Kearney mine. 
Other output included that of Hanover and Linchburg mines of The 
New Jersey Zinc Co. 

In Washington, the principal producing mines were Pend Oreille, 
Pend Oreille Mines and Metals Co., and Grandview and Mineral 
Rights mines, American Zinc, Lead & Smelting Co. Pend Oreille 
milled 742,900 tons of ore, yielding 15,924 tons of zinc in concentrate.’ 

Production of zinc in Montana declined to 10,300 tons, largely from 
The Anaconda Company zinc-fuming plant at East Helena. Accord- 
ing to the company’s annual report, no ore was mined during the 
year because of depressed metal prices. At yearend, however, develop- 
ment was resumed on the Elm Orlu—Black Rock low-grade zinc 

roject. 
d Output of zinc in the West Central States of Kansas, Oklahoma, 
and Missouri increased from 7,300 to 11,500 tons. Part of the increase 
resulted from additional mining in the Tri-State district. However, a 
significant part of the output represented recovery of byproduct zinc 
from lead mining in southeast Missouri. 

In the southern Illinois-Kentucky fluorspar district 9,500 tons of 
zinc was produced as a byproduct. 

Production was resumed in New Jersey in December as The New 
Jersey Zinc Co. began operating its Sterling mine which had been 
maintained on a standby basis since 1958. 


TABLE 4.—Mine production of recoverable zinc in the United States, by months 


(Sbort tons) 

Month 1960 1961 Month 1960 1961 
Januar 37, 350 40,227 || August. ` e ll... Y, 451 4n. 431 
Fe brunr 222222 38, 130 38, 676 || September 7 37. 44) 
En EEN 42, 821 43,007 [October 25, 101 3A, u39 
Allr 41.774 November 23. 614 35.11 

AY EE , 830 39, 464 || December 36, 7 36, 59$ 
/ A 39, 240 39, 643 
Il 254 35, 027 cr 435, 427 464, 390 


The 25 leading zinc-producing mines in the United States in 1961, 
listed in table 5, yielded 81 percent of the total domestic output. 
The four leading mines supplied 25 percent, and the first eight con- 
tributed 43 percent. 


SMELTER AND REFINERY PRODUCTION 


The zinc smelting and refining industry operated 16 primary reduc- 
tion plants and 10 secondary plants producing slab zinc, zinc pigments, 
zinc dust, and zinc alloys. Some manufacturers of chemicals, pig- 


Pend Oreille Mines and Metals Co. Annual Report. 1941, p. 2. 
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KOREN 5.—Twenty-five leading zinc-producing mines! in the United States in 
1961 in order of output 


Rank Mine District or region State Operator Source of zinc 
1 | Balmat ns New York....| 8t. Joseph Lead Co.| Lead-zinc ore, 
ounty. 
2 | Eagle............... Red Clit (Battle Colorado...... Tho New Jersey Do. 
Mountain). Zinc Co. 
(2) | Star...............- Coeur d'Alene Idaho......... The Bunker Hill Do, 
0. 
(2) | Austinville & Austinville.......... Virginia.......- The New Jersey Do, 
Ivanhoc. Zinc Co. 
6 Friedens ville Lehigh County..... Pennsylvania 00 RS Zinc ore. 
a Jefferson City...... Eastern Tennessee..| Tennessee.....|..... ö 8 Do. 
(2) | United States & West Mountain Utah. United States Gold- sii ver- 
Lark. (Bingham). Smelting, Refin- lead-zinc ore. 
ing & N ining Co. 
Young..-....------- Eastern Tennessee. Tennessee..... American Zinc Co, | Zinc ore. 
of Tennessee. 
Iron King.......... Big Bug............. Arizona....... Shattuck Denn Lead-zinc ore. 
Mining Corp. 
10 | Bunker HI Coeur d'Alene...... Idaho......... Tn Bunker Hil Do. 
o. 
11 Zino Mine Works. Eastern Tennessce. .| Tennessee pS States Steel | Zinc ore. 
, Tennessee 
& Iron Divi- 
12 | ( Coeur d'Alene...... Idaho Pee Smelting | Lead-zinc ore, 
and Refining 
Company. 
13 | Mascot No, 2....... Eastern Tennessee.. Tennessee American Zinc Co, | Zinc ore. 
of Tennessee, 
14 | Pend Oreille........ Metaline Washington... Fendi ree Mines Lead-zinc ore, 
etals Co. 
15 | Idarado3..........- Eureka (Red Colorado Idarado Mining Co. Copper. lead - 
Mountain) & sino ore, 
Upper San 
Miguel 
16 | Hanover Central............. New Mexico.. T Jersey Zinc ore, 
17 | Edwards........... EE New York....| St. Joseph Lead Co. Do. 
ounty, 
18 | Kearney............ Central New Mexico...| Hydrometals, Ine., Do. 
American Peru 
Mining Co. 
19 | Boyd, Calloway, Eastern Tennessee. Tennessce..... Tennessee Copper Copper-zinc 
Eureka and Co. ore. 
ary. 
20 | Gray............... U es Tennessee Illinois........ Tri-State Zinc, Ino..| Zine ore. 
21 | United Park City.. Park Oy Region...| Utah...... .- United Park City Silver-lead- 
Mines Co, zinc ore, 
22 | Bowers-Campbell.. Rork neham Virginia....... Tri-8tate Zinc, Inc..! Zinc ore. 
. ounty. 
23 | Old Dick........... Eureka Arizona SCT Wio Mines Copper-£zinc 
"d ; ore, 
24 | Shullsburg. ........ Upper Mississippi Wisconsin Tn. agle-Picher Zinc ore. 
alley. : 
25 | Bonne Terre, Tri-3tate...........- Missouri...... 8t. Joseph Lead Co.| Lead-zinc ore. 
Leadwood & 
Federal. 


1 Excludes old slag dumps. 
2 Not listed in order of rank. 
3 Formerly Treasury Tunnel— Black Bear—Smuggler Union. 


ments, die-casting alloys, rolled zinc, and brass also produced second- 
ary zinc. 

rge zinc stocks at smelters and unfavorable marketing conditions 
caused many producers during the period from January through April 
to announce curtailments of 10 to 25 percent in their production rate. 
The only loss in output from a labor strike occurred at the Monsanto, 
111., plant of American Zinc, Lead and Smelting Co. from July 6 to 
early October. Improved marketing conditions in the latter half of 
the year led to an increased smelter output rate by October, and pro- 
duction in the last quarter was significantly greater than for any other 
3-month period in the year. 
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Slab Zinc.—Domestic smelter output of slab zinc increased 4 per- 
cent over 1960. Included in the 902,000 tons of slab zine production 
was molten zinc used directly in alloying operations. Of the output, 
846,800 tons was primary metal and 55,200 tons redistilled secondary 
zinc. Primary production was 50 percent from domestic ores and 
50 percent from foreign ores; 38 percent was electrolytic, and 62 per- 
cent was distilled slab zinc. Primary smelters produced 64 percent 
of the redistilled secondary slab zinc; the remainder was obtained from 
secondary smelters. 

Prime Western grade zinc, which furnished 41 percent of the total 
d pereant in 1960), wasthe principal grade produced. Special High 

rade zinc constituted 39 percent (41 percent in 1960) ; High Grade. 
10 percent (8 percent); Brass Special, 8 percent (10 percent) ; and 
Intermediate, 2 percent (2 percent). 

Texas led in production of slab zinc; Pennsylvania ranked second 
and Oklahoma third. The slab zinc output of Pennsylvania, West 
Virginia, Oklahoma, and Arkansas was distilled; that of Montana 
and Idaho waselectrolytic. Part of the Illinois and Texas slab output 
was distilled, and part was electrolytic. 


TABLE 6.—Primary and redistilled secondary slab zinc produced in the 
United States 


(Short tons) 
1952-56 1961 
(average) 
Primary: 

From domestic ores....... 500, 917 33 334, 101 419. 8 
From foreign ores......... 413, 108 3 465, 415 427, 589 
Sestak ue oco SERT 914, 025 985 13 799. 516 846, 795 
Redistilled secondary......... 62, 833 68, 731 55. 237 

Total (excludes zine re- 
covered by remelting). 976, 858 2 1 868, 247 3 902, 032 


! Includes a small tonnage of slab zinc further refined Into high-grade metal, 
2 Includes production of zinc used directly in alloy ing operations, 
3 Revised figures, 


TABLE 7.—Distilled and electrolytic zino, primary and secondary, produced in 
the United States, by method of reduction 


(Short tons) 


1957 1900 


Electrolytic primary.......... 409, 483 319, 777 324, 999 

Distilled...................--.- 576, 313 1 47V, 739 522, 396 
Redistilled secondary: 

At primary smelters...... 35, 215 40, 009 35. 319 

At secondary smelters.... 37, 266 28, 722 19, 918 

FFC 1, 058, 277 1 3 868, 247 3 902, 032 


! Revised figure, 
2 Includes production of zinc used directly in alloying operations. 


Primary Smelters and Electrolytic Plants.—Primary reduction plants 
processed zinc ore and concentrate, zinc fume from Waelz kilns and 
slag-fuming plants, other primary zinc-bearing materials, and 64 per- 
cent. of all zinc-base scrap used for redistilled slab zinc. 
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TABLE 8.—Distilled and electrolytic zinc, primary and secondary, produced in 
the United States, by grades 


(Short tons) 
1959 1960 1961 
Special High Grade i ; 331, 312 1 357, 205 353, 466 
High grade N , ; 71,792 171,332 89, 496 
Intermed!ato.................. A 17, 493 15, 841 15, 368 
Brass Special. , 75, 305 83, 507 69, 681 
SI EH , 300 1, 414 18: wade TANE 
Prime Western 359, 168 340, 289 874, 021 
VK BEE 2 856, 484 | 13 868, 247 3 902, 032 


1 Revised figure. 
3 Includes production of zinc used directly in alloying operations. 


TABLE 98.—Primary slab zinc produced in the United States, by States where 
smelted 


(Bhort tons) 


1959 


Arkansas 19, 946 23, 080 15, 964 1, 521 12, 342 
tel WEE 5A, 041 68, 831 61, 191 26, 449 74, 736 
Hines... 108, 426 1107, 294 102. 708 188. 291 78, 814 
Montana 202, 696 198. 036 , 620 132, 290 111, 223 
Oklahoma 155, 428 157. 633 152, 072 161, 894 164, 319 
Pennsylvania. 196, 847 3 247, 836 2 217,368 | 29194, 514 2 214, 308 
Texas and West Virginia . 176, 641 è 183, 086 8 162, 743 5 194, 557 è 191,053 

IC 914, 025 985, 796 9 781, 246 9 798, 666 | 3 799, 516 * 846, 795 

Value (thousands)...... , 944 $229, 493 $159, 687 $183, 214 | 2 $205, 476 $193, 916 


1 Includes Missouri. 

2 Includes West Virginia, 

3 Revised. 

* Includes Missouri 1952-53, 1955, 1956. 

Teras only. 

6 Includes production of zinc used directly in alloying operations. 


Production at primary zinc plants totaled 882,100 tons of slab zinc, 
35,300 tons being redistilled. In addition to slab zinc, primary plants 
produced zinc oxide, zinc dust, and zinc-base alloys. 

Primary plant capacity for slab zinc at the 16 operating zinc plants 
at yearend was reported to be 1,171,800 tons. Five electrolytic plants 
reported 2,860 of their 4,072 electrolytic cells in use at yearend and an 
output of 324,400 tons (67 percent of their 483,500 tons of capacity). 
The seven horizontal-retort plants reported 35,088 of their 43,648 re- 
torts in use during the year. Four remaining primary smelters were 
continuous-distilling vertical-retort plants at Meadowbrook, W. Va.; 
Depue, Ill.; Palmerton, Pa.; and Josephtown, Pa. The first three 
used the New Jersey Zinc Co. externally gas-fired vertical retorts, and 
the one at Josephtown used electrothermic distillation retorts. Com- 
bined horizontal- and vertical-retort production of 557,700 tons was 
82 percent of the reported 1961 capacity of 683,300 tons. 

Slag-Fuming Plants.—Many lead smelters recover a zinc-fume prod- 
uct from lead blast-furnace slags containing 7.5 to 12.5 percent zinc. 
Such de 8 were treated to extract zinc and remaining lead at the fol- 
lowing plants in 1961: 
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California: Selby—American Smelting and Refining Company. 
Idaho: Kellogg—-The Bunker Hill Co. 

Montana: East Helena—The Anaconda Company. 

Texas: El Paso—American Smelting and Refining Company. 
Utah: Tooele—International Smelting & Refining Co. 

These five plants treated 685,400 tons of hot and cold lead slag (in- 
cluding some crude ore and zinc residue), which yielded 120,7 00 tons 
of oxide fume, containing 79,500 tons of recoverable zinc. Co nd- 
ing figures for 1960 were 621 „700, 105,000, and 74,300 tons, respectively. 

Secondary Zinc Smelters.—Zinc-base scrap (a term that includes skim- 
mings and drosses, die-cast alloys, old zinc, engravers’ plates, new 
clippings, and chemical residues) was smelted chiefly at secondary 
smelters, although about one-fourth usually was reduced at primary 
smelters, and most sal ammoniac skimmings were processed at chemi- 
cal plants. Secondary smelters depended on the galvanizers and scrap 
dealers for their supply of scrap materials. 


TABLE 10.—United States primary zinc plants, their location and group capacity 


for slab zinc in 1961 
Type of plant Plant locati SE 
pe ocation capacity 
(abort tons) 
Primary plants: 
Electrolytic plants: 
American Smelting and Refining Company......... SEH Chirsti, Tex......... 
American Zinc Co. of Illinois Monsanto, III 
The Anaconda Company. Anaconda, Mont 483, 500 
DO ³ð AA Great Falls, Mont.......... 
The Bunker Hill Co:: Kellogg, Idaho 
Horizontal-retort plants: 
American Smelting and Refining Company........- Amarillo, Ten 
American Zine Co. of Illinois Dumas, RF 
Athletic Mining & Smelting Co..................... Fort Smith, Ark...........- 
Blackwell Zine Co UHU HP Black well, Okla S 
The Eagle-Picher Co ee eee E Henryetta, Okla...........- 
Matthiessen & Hegeler Zinc Co. o LaSalle, III.. 
National Zine sss ðͤ 8 Bartlesville, Okla........... 688, 300 
Vertical-retort plants: 
Matthiessen & Hegeler Zine Coo Meadowbrook, W. Va 
The New Jersey Zinc Coo Depue; l 8 
JJ... E Palmerton, Pa.............. 
St. Joseph Fade ³ A 8 Josephtown, Pa............. 
/// -—— ——Á—— I — Herculaneum, Mo 


! Electrothermic slag-fuming unit, yielding a slab zinc product. 


TABLE 11.—United States secondary zinc plants, their location and capacity for 
slab zinc in 1961 


Slab-zine 
capacity 


Type of t 
SS (short tons) 


Secondary plan 
American Smelting and Refining Company............. Beckemeyer, Ill 
P77 rs a Sand Springs, Okla 
DO: A AAA Trenton, N.J 
American Zine Co. of Illinois Hillsboro, III 
Apex Smelting Co. ð - 
a Die 255 Metals C 0o‚ob Ak a ee 


Pacino Lors EEN 
Sandoval Zinc Co 

Superior Zinc Corp Kee e Bee 
Wheeling Steel Cord Mar 


mp e — 2 e e spe e e — ——— ap e dr op mp e 
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TABLE 12.—Stocks and consumption of new and old zinc scrap in the United 


States in 1961 
(Short tons, gross weight) 
Consumption 
Stocks Stocks 
Class of consumer and type of scrap Jan. 1! | Receipts Dec. 31 
New Old Total 
scrap scrap 
Smelters and distillers: 
New clipnpings. sss 61 1, 457 1, 416 |.......... 1, 416 102 
G : 8 736 2,986 |.......... 2, 874 2, 874 848 
Engravers’ plates. 348 2, 990 2 8, 012 3, 012 335 
Skimmings and ashes................- 4, 324 36, 889 33, 682 |.......... 33, 682 7,531 
Sal sximming 222-22... 411 548 689 |.......... 689 270 
Die-cast skiminings..........-.......- 1, 331 5, 688 6, 367 |.......... 6, 367 652 
Galvanizers' dros s 5, 074 54, 420 63, 8822 83, 582 8, 912 
Die casting 6, 521 33, 109 |.......... 33, 731 33, 731 4, 899 
Rod and die gcrap. zzz 329 94 1, 104 1. 104 171 
Flue dust t.. 211 5, 186 5,205 1:24: ana 5, 265 182 
Chemical residues 1, 528 12, 270 8.0415 1... 5 ez 8, 645 5, 153 
l! ee 19,874 | 156,498 | 109, 646 40,721 | 150, 367 26, 005 
EES PP e PP E 
Chemical plants, foundries and other 
manufacturers: 
New eclipping 1 27 M Y HR 24 4 
M A SPA A EE GE, ARA NEEN 
FCC ANA AO ] ] m ⁊ mk; · ß .. AAA 
Skimmings and ashes 2. 043 5. 659 III 5,311 2, 391 
Bal skimming 10, 516 16, 199 19, 291 |.........- 19, 291 7, 424 
Diecast hh... ] Ä AA A VE 
Galvanizers' dross.................. 1141113 y E E 1 13 
al A AAA A ũ gœT rr A AS, A 
Rod and die scrap. zzz 9 78 BEEN 84 64 4 
Flue dust... ll. eeben E 32 858 859 859 31 
Chemical residues 2, 378 16, 560 16, 84 16, 846 2, 092 
f ⁰¹ EENG? 14. 993 39, 362 42, 332 64 42, 396 11, 959 
Grand total: 
Now clippings. ......................- 62 1, 484 1, 440 Ce s 1, 440 106 
III ³ 736 2, 98898 2, 874 2, 874 848 
Engravers’ plates 348 2,999 |.......... 8, 012 3, 012 335 
Skimmings and ashes 6, 367 42, 548 38, 993 |.......... 38, 993 9, 902 
Sal skimmings.......................- 10, 927 10, 747 19, 980 |.......... 19, 980 7, 694 
Die-cast skimmings 0-0--0nM 1, 331 5, 688 6, 367 |.......... 6, 367 652 
Galvanizers’ dross s 5, 088 54, 420 53, 583 |.......... 53, 583 5, 925 
Die castings... l.l. 5, 521 33, 109 |.......... 33, 731 33, 731 4, 899 
Rod and die gerop. pd 338 1100 1. 1 1. 168 175 
Flüe dust... ²·» ( cole es 6, 044 6, 124 1. 6, 124 163 
Chemical residues 8, 906 28, 830 25, 491 |.........- 25, 491 7, 245 
rr 34, 867 | 195,860 | 151. 978 40,785 | 192, 763 37, 964 
1 Figures partly revised. 


Primary and secondary smelting plants treating zinc-base scra 
produced 55,200 tons of redistilled zinc, 4,300 tons of remelt, an 
34,800 tons of zinc dust, The zinc content of these products totaled 
93,100 tons. 

Additional details on 99,500 tons of zinc recovered in processing 
copper-base scrap (table 14) may be obtained in the secondary section 
of the Copper chapter in this volume. 


BYPRODUCT SULFURIC ACID 


Sulfuric acid was made from sulfur dioxide gases produced in roast- 
ing Zinc sulfide concentrate at some primary zinc smelters. At 
several plants elemental sulfur was burned to increase acid-making 
capacity. Acid production at zinc-roasting plants from zinc sulfide 
was 776,100 short tons, valued at $9.5 million, and from elemental sul- 
fur, 66,500 tons, valued at $810,000. 
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TABLE 13.—Production of secondary zinc and zinc-alloy products in the 
United States 


(Short tons, gross weight) 


Product 1952-56 1957 1958 1959 1960 1961 
(average) 
Redistilled slab zin 62,833 | 172,481 46,605 | 157,818 | 168. 731 155.237 
Zinedustt. lll ð 2 Ss 27,058 26,715 26, 512 32, 758 30, 788 34. 772 
Remelt spelter M i: LL... 4. 702 6, 404 5. 236 4. 718 4, 883 4 Ri 
Remelt die-cast Slab... 9, 568 10, 328 12, 980 13, 150 7, 800 9, 543 
Zine-die and die-casting alloys............ 4, 306 6, 440 6, 082 5, 864 6, 0945 5, ga 
Galvanizing stocks 238 240 249 245 22 117 
Rolled 216... dc ĩ³ðGK 8 2, 775 185 10 14 18 19 
Secondary zinc in chemical products...... 30, 311 33, 361 32, 482 40, 204 38, 007 35, 039 


1 Includes redistilled slab made from remelt die-cast slab. 
2 Includes zinc dust produced from other than scrap. 


TABLE 14.—Zinc recovered from scrap processed in the United States, by kind of 
scrap and form of recovery 


(Short tons) 
Kind of scrap 1960 1961 Form of recovery 1960 1961 
New scrap: As metal: 
Zinc pA. 116,222 101, 846 By distillation: 
Copper- base 79. 351 74. 874 68. 010 54.610 
Aluminum-bàáse.......... 1, 802 1, 809 Zinc dust E 30. 144 34. (A 
Magnesium-base. ........ 7 31 By remelting 5, 031 4, 352 
Detna 197, 451 178, 560 Till! ases 103, 185 93. 057 
Old scrap: In zinc-base allovs............ 13, 738 14. "m 
Zine. base 38. 056 32.759 || In brass and bronze 107. 422 Qu. vie 
Copper- base. 28, 866 24, 628 à 3, 277 A ^e 
Aluiminum-base.......... 1, 381 1,925 || In magnesium-base alloys.... 191 LS 
Mugnesium-buse. 22.2222. 66 95 || In chemical lees 
>> en Zinc oxide (lead-free) 17, 679 17. 189 
Tong! 68, 369 59. 407 Zinc sulfate. (1) (3) 
A Se Zine chlorid 11, 994 11.4% 
Grand total... 265, 820 237, 967 Miscellaneous 8, 334 4,174 


_ 162,635 | 144910 


Includes zine content of redistilled slab made from remelt die-cast slab. 
3 Includes zine content of dust made from other than scrap. 
3 Included with '* Miscellaneous." 


ZINC DUST 


Zinc dust included in data in tables 13, 14, and 15 is restricted to 
commercial grades that comply with close specifications as to per- 
centage of unoxidized metal, evenness of grading, and fineness of 
particles, and it does not include blue powder. Zinc content of 


TABLE 15.—Zinc dust produced in the United States 
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the dust produced ranged from 95.0 to 99.7 percent, averaging 98.1 
ercent. Total shipments of zinc dust were 35,200 tons, 100 tons 
eing shipped abroad. Producer stocks of zinc dust were 1,600 tons at 

the end of the year. 

Most of the zinc dust was made from zinc scrap, chiefly galvanizers’ 
dross, but some was recovered from refined metal. 


CONSUMPTION AND USES 


Zinc consumed as refined metal in slab or other forms totaled 931,200 
tons (877,900 tons in 1960) ; as ore and concentrate to make pigments 
and salts and used directly in galvanizing, 97,300 tons (88,300) ; and 
as scrap to make alloys, zinc dust, pigments and salts, 179,000 tons 
(192,800). These uses totaled 1,207,500 tons of primary and second- 
ary zinc, increasing 4 percent over 1960. The quantity of zinc con- 
sumed directly in makıng pigments and salts is reported in table 16. 
Zinc consumed in scra See and the manufactured products other 
than remelt and redistilled are reported in tables 12, 13, and 14. 


TABLE 16.—Consumption of zinc in the United States 
(Short tons) 


Blab RTE 956, 197 931, 213 
Ores (recoverable zinc content 1 1058, 07 1 88,275 197, 251 
condary (recoverable zinc content) 3.. 214,109 | 192,779 179, 005 


—— . • 6üA— k [ — 2AümAͤéẽ 


Total... cunamecsuiiuecsensastecos 1, 305, 359 |1, 231, 593 |1, 142, 165 |1, 278, 376 [l. 158, 938 | 1, 207, 469 


1 Includes ore used directly in galvanizing. 


3 Excludes redistilled slab and remelt zinc. 


Slab zinc consumption, as reported by 650 plants, increased 6 per- 
cent to 931,200 tons. Slab zinc used in galvanizing steel products in- 
creased 3 percent and was again the Jeu ding industry use, accounting 
for 41 percent of total slab zinc consumed. Die castings and zinc-base 
alloys used 1 percent more zinc than in 1960 and accounted for 37 per- 
cent of the total. Zinc used in brass products increased 30 percent to 
128,500 tons and represented 14 percent of the total. The remaining 
8 percent was used in rolled zinc, zinc oxide, slush castings, wet bat- 
teries, zinc dust, chemicals, bronze powders, desilverizing lead, light- 
metal alloys, and zinc used for cathodic protection. 

Of the commercial grades of slab zinc used, Special High Grade 
was 44 percent of the total; Prime Western, 33 Lae Brass Special, 
11 percent; High Grade, 10 percent; Intermediate, 1 percent; Select 
d Remelt, together, 1 percent. All grades of slab zinc were used in 
making brass products and in galvanizing. More than 98 percent of 
the slab zinc used in making zinc-base alloys was Special High Grade. 

Rolling mills used 41,200 tons of slab zinc and remelted and rerolled 
19,700 tons of metallic scrap produced in fabricating plants operated 
in connection with the rolling mills. In addition, a small quantity 
of purchased scrap (new clippings and old zinc) was melted and 
rolled. Small quantities of alloying metals were added for some uses. 
The rolled-zinc industry, however, classified these alloys as rolled zinc. 
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TABLE 17.—Reported Slab-zinc consumption in the United States, by industries 
(Short tons) 


Galvanizing: ! 


- Op e ae e ee ee ee ee EA mg ge 


B products 
M Sheet, strip and plate................ 
Rod an 


KEE 


Copper-base ingot 2 
Other copper-base products. 


Total brass products 


—— — :᷑ em eme ee me 


wé a ::: 


1 Includes zinc used in electrogalvanizing and electroplating, but excludes sherardizing. 

» Includes 28,286 tons used in job galvanizing in 1957, 28,602 tons in 1988, 31,521 tons in 1969, 31,616 tons tn 
1960, and 30,954 tons in 196 

7 After 1957 figures Include zinc used in direct alloying operations. 

* Includes zinc used in making zinc dust, bronze powder, alloys, chemicals, castings, and miscellaneous 
uses not elsewhere mentioned. 
35 , 8,073 tans in 1968, 5,209 tons tn 1959, 6,622 tons in 1960, and 7,528 


Output of salable rolled zinc increased to 39,600 tons. Stocks of 
rolled zinc at the mills declined to 2,900 tons b yearend. Besides 
shipments of 21,100 tons of rolled zinc, the rolling mills consumed 
81,400 tons of rolled zinc in manufacturing 19,600 tons of semi- 

fabricated and finished products. 


TABLE 18.—Reported slab sinc consumption in the United States in 1961, by 
grades and industries 


(Short tons) 
Special High | Inter- Brass Prime 
Industry High Grade | mediate | Special Select Western | Remelt Total 
Grade | 
Galvanizers..... 17, 341 12, 606 2, 956 79, 149 11 267, 844 
Brass mills !... : 26, 308 66, 538 976 10, 304 3, 337 16, 648 
Die casters 1... 338, 229 1,317 47 |.. E 1,615 
Zinc rolling mills. . 14, 891 10, 347 4, 081 10, 974 |...... H 11 
Oxide plants. 4, 068 |... Steg 1 14,013 
6 EE 9, 076 1,172 309 134 |.. i 8, 307 


Total. 409, 913 | 92, 040 | 9,269 | 100,617 [à 3, 348 el Ss 308, 498 


Includes brass milis, brass ingotmakers, and brass foundries. 
ludes producers of zino-base die castings, zinc-alloy dies, and sino-alloy rods. 
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Rolled zinc was used to make sheet, strip, ribbon, foil, plate, rod 
and wire. Major domestic use was for dry-cell battery cases and 
similar extruded cases for radio condensers and tube shields. 
Weather-stripping, roof flashing, photoengraving plates, and house- 
hold electric fuses were other uses. 


TABLE 19.—Rolled zinc produced and quantity available for consumption in the 
United States 


Short 
tons Averape 
per 
pound 
Production: 
Sheet zinc not over 0.1 inch thick.. 12, 897 $7, 186, 096 $0. 283 
Boiler plate and sheets over 0.1 
mehinie 171 84, 662 . 210 
Strip and ribbon zine 1............ 22, 186 10, 410, 161 . 209 
Foil, rod, and wire................ 1,741 996, . 276 
Total rolled zinc 36, 095 18, 677, 260 . 236 
IIHDOPFUS E 904 354, . 150 
A EE 3, 324 e 2, 271, 467 . 353 
Available for consumption............ EE EE BEEN rr PS 
Value of slab zinc (all grades) la el c EE , 115 
Value added by rolling. ll Ge O 2 RE AA . 121 


! Figures represent net production. In addition, 11,290 tons of strip and ribbon zinc in 1960 and 12,699 
tons in 111 were rerolled from scrap originating in fabricating plants operating in connection with zinc 
rolling mills. 


CONSUMPTION OF SLAB ZINC BY GEOGRAPHIC AREAS 


Ohio, Pennsylvania, Indiana, and Illinois accounted for 59 percent 
of the slab zinc consumed in galvanizing. The iron and steel in- 
dustry used zinc to galvanize steel sheets, wire, tube, pipe, cable, chain, 
‘bolts, railway-signal equipment, building and pole-line hardware, and 
many other items. 

Connecticut again ranked first in consuming slab zinc in brass- 
making. Michigan, Illinois, Ohio, and New York led the 20 States 
using zinc in making zinc-base alloys. 


ZINC PIGMENTS AND SALTS 


Production of zinc pigments and salts increased 6 percent over 
1960, but was 13 percent below 1959. The production of natural and 
synthetic rubber, a major zinc-pigment consuming product, declined 
5 percent; paint, varnish and lacquer industries, also using large 
quantities of zinc pigments, recorded a 1-percent decrease in value 
of shipments. 

Production. Production of lead-free zinc oxide increased 7 percent, 
and output of leaded zinc oxide rose 41 percent. Output of zinc 
chloride declined 6 percent, but that of zinc sulfate rose 6 percent. 

Pigments and salts were made from various zinc-bearing materials, 
including ore, slab zinc, scrap, and residues. Zinc in pigments 
and salts produced directly from ore, both domestic and foreign, 
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TABLE 20.—Reported zinc consumption in the United States in 1961, by industries 


and States 
(Short tons) 
State | Galvanizers | Brass mills! | Die casters ? Other 3 Total 

Th "LI AA II EN (4) r AN (0 
PA RRE E 8 11111 AO EI TG (4) (4) 
JT... So gs E A RAGE, ß. “77. (4) (0 
TACA A | 22, 130 | (4) 14, 521 (4) ŠR 765 
COMMU. : (4) . EA (4) 
CONOUG uL eos E EE (4) 38, 533 3, 166 (4) 45. 264 
1 ˙ A EE EES (4) (4) (4) NI 
Ke ee eee () WEN E EE e 735 
fv AAA W. ¶ A ]ꝗꝶęůòdꝗÿ¶ (*) 
MEN EE See ee ee T „„er (4) 
(o A EE SS RESTE T ⏑T T TE, RR DS AQ (4) (4) (€ 
r 45, 022 19, 152 51, 531 18, 829 134, € 
DU AA 47, 836 (4) 19, 833 (4) 89, SS 
(Qo AAA OIE e RA | Oe NET EE “ee SN (6 916 
IC angeli, a e nA RU RE ub G (*) 
LAT EE E SCAS | (4) A A aA EE ES | (4) 
EOI e e cts na A Set e Zë CER BEE EE EE (9 | 630 
IP ATA ͤU— De D ë PEACE PAE A 2 8 (4) 
Maryland......... PRE RA | (4) 9 1 (€ 

TU "e e DEE mmi ee 3, 196 UU... wi Egeter ES (4) 6, 403 
ieee (4) 14, 390 76, 724 (4) 95, 119 
Minnesota....... . (4) Ie Ma ant da (4) | L 278 
C CAE ale ate EA rr eee SFTS T | (4) 

In Tu IRA EECH (4) (4) 5, 026 (4) 10, 400 
Nebraska........ Sr (€ F (4) 1, 797 
Now Hampshire I DE AE PES (*) 
New 3 TNCS EE aietan 4, 532 | A 416 (4) (4) 23. 0458 
New York..... — H | 5, 697 (4) 29, 885 (€ 60. 273 
North Carolina.......... SAA Mar 4- 9 n (o en) "2.3. (4) 
Du opum 1 | 098 254 (4) 46, 093 (4) 135, 497 
Da AER AA UT e é r (4) (4) 8. 8 
G | (4) (4) (4) (4) 1, 015 
Pennsvlvanín........... erc TEE 4g | 51, 874 7, 816 | 15, 521 MI 103, 558 
Cis 8:0 D wre EE 593 Im PSA (4) CH) 
South Code, na ere — r Eq APERTE, "PUERO (€ 
du.060. 2 DEMEURE ss E OSEE UE NOST d (4) (4) 1, 533 
de pa AR ˙ AA ] TEO e tus | (4) (4) (4) (€ 32. 915 
Eu TS RT aN, ASA (4) CJ, WER EE (4) (4) 

Là eie itas. "ad QN Aert Aet LA eb So A5 | (4) e (4) "7. ge 
DO A .. 2 K (4) 1 
West Virginia............ UB U. 6, 676 C MEE n RSR (4) 6, 806 
. 1, 512 (4) (4) (4) 10, 875 
Undlistributed—— 112; 645 38, 804 68, 908 59, 570 110, 531 

F | 379, 967 | 124, 111 | 341, 208 | 78, 399 | 23, 685 


Includes brass mills, brass ingotmakers, and brass foundries. 
3 Includes producers of zinc-base diecastings, zinc- alloy dies, and zino-alloy rods. 
3 Includes slab zinc used in rolled-zine products and in zinc oxide. 
Sab withheld to avoid disclosing individual company confidentia] data, included with ‘‘Undis- 
uted.” 
3 Excludes remelt zinc, 


exceeded 87,000 tons; that in zinc oxide and zinc chloride from slab 
zinc exceeded 18,000 tons; and the zinc derived from secondary 
materials in zinc pigments and salts exceeded 37,000 tons. 

Lead-free zinc oxide was made by several processes: 64 percent 
from ores and residues by the American process, 24 percent from metal 
by the French process, and 12 percent by other processes from scrap 
residues and scrap materials. ded zinc oxide was made from ores; 
zinc chloride, from slab zinc and secondary zinc materials; and zinc 
sulfate, from ores and scrap zinc. | 

Four grades of leaded zinc oxide, classified according to lead con- 
tent, were produced. Only a very small quantity of 5-percent-or-less 
leaded zinc oxide was produced ; the grade of more-than-5-to-35-per- 
cent lead constituted most of the production. Small quantities of the 
F and over-50 percent grades were 

roduced. 
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THOUSAND SHORT TONS 
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FIGURE 2.—Trends in shipments of zinc pigments, 1920-61. 


TABLE 21.—Production and shipments of zinc pigments and salts’ in the 
United States 


1961 


Shipments Shipments 


Pigment or salt Produc- 
Value? 


! Excludes lithopone; figure withheld to avoid disclosing individual] company confidential data. 
3 Value at plant, exclusive of container. 

3 Zinc oxide containing 5 percent or more lead is classed as leaded zinc oxide. 

4 Includes zinc chloride equivalent of zinc ammonium chloride and chromated zinc chloride. 

5 Figure withheld to avoid disclosing individua] company confidential data. 


Both ordinary lithopone, a coprecipitate of zinc sulfide and barium 
sulfate, and high strength (titanated) lithopone were produced. 

Consumption and Uses.—Shipments of lead-free zinc oxide were 
145,200 tons. Shipments to the rubber, paint, coated fabrics and tex- 
tiles, and floor coverings industries showed a combined decline of 5 
percent; ceramic and other industries reported a 16-percent increase. 

Consumption of leaded zinc oxide by the paintmaking industries 
(92 percent of the total consumption) declined 7 percent below 1960. 

Lithopone was used in paint, varnish and lacquer, floor covering, 
coated fabrics and textiles, and rubber. 

659873—862— —85 
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TABLE 22.—Zinc content of zinc pigments! and salts produced by domestic 
manufacturers, by sources 


(Short tons) 


1960 1961 


Zinc in pigments and salts Zinc in pigments and salts 


produced from— Tot produced from— Total 
Pigment or salt i 
Ore 
Domes-| Foreign Domes-| Foreign 
Zinc oxide 57, 296 63, 872 | 10, 305 |17, 936 | 25,639 | 117,752 
Leaded zinc oxide....| 5,704 7,665 | 4,752 |].......].....-.- 12. 417 
Total pigments.| 63,000 | 15,859 |15, 393 | 24,716 |118, 968 | 71,537 130, 189 
Zine chloride 7.4 () | 12,625 | 12, 625 (9 11. 410 
Zinc sulfate.......... (4) ©) VEH (4) 9, 740 © | (9 |....... (9 10, 667 


d E zinc sulfide and lithopone; figures withheld to avoid disclosing individual company confidential 
ata. 
3 These figures are hicher than those shown in the report on Secondary Metals—Nonferrous because they 
include zinc recovered from byproduct sludges, residues, etc., not classified as purchased scrap material. 

3 Includes zine content of zinc ammonium chloride and chromated zine chloride. 

Figure withheld to avoid disclosing individual company confidential data. 


TABLE 23.—Distribution of zinc oxide shipments, by industries 


(Short tons) 
Industry 1952-56 1957 1961 
(average) 
NAU AA 77, 881 81. 745 71. 534 
i . ies’ 32, 184 1 30, 405 
Ceramic 9, 278 8, 459 10. 08 
Coated fabrics and textiles 1. 8, 202 3, 623 1,185 
Floor covering 2, 023 1, 249 1,174 
AS E ter a REA 21, 356 i 30, 852 
z 150, 924 151, 267 145, 208 


Includes the following tonnages for rayon: 1957—2,838; 1958—1,149. Figure for 1950, 1960, and 1961 
withheld to avoid disclosing individual company confidential data. 


TABLE 24.—Distribution of leaded zinc oxide shipments, by industries 
(Short tons) 


Ee 17,616 | 16.533 
— — 1, 662 


wes — en e ee om — ee e ee e om ap e ee e e em 2 — 


18, 007 


Statistics on distribution of zinc chloride shipments were not avail- 
able. The principal uses were for batterymaking, galvanizing, vulcan- 
izing fiber, preserving wood, refining oil, fungicides, and solder and 
tinning fluxes. 

Rayon and agriculture were the chief consumers of zinc sulfate, 
receiving 42 and 20 percent, respectively, of the total shipments. 
Other uses were in chemicals, flotation reagents, glue, medicine, and 
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rubber; these combined uses accounted for 38 percent of the shipments. 
Zinc sulfate consumed by rayon manufacturers decreased 22 percent, 
agricultural uses increased 31 percent, and other uses increased 25 
percent compared with 1960. 


TABLE 25.—Distribution of zinc sulfate shipments, by industries 


(Short tons) 
Rayon Other Total 
Year 
Gross Gross Du Gross Dry 
weight basis igh basis b weight basis 
1952-56 (average)....| 11,124 4, 192 23, 380 19, 869 
13 E ces EE 19, 903 3, 485 33, 620 29, 511 
Ia 19, 796 2, 191 33, 737 20, 757 
1009 EEN 062 7, 428 40, 670 35, 478 
io E: 15, 727 7,882 28, 796 25, 
1961. 9. 926 28, 891 26, 019 


Prices.—American process lead-free zinc oxide was quoted at 14.5 
cents per pound in carlots at the beginning of the year, but had de- 
creased to 13.00 cents by the end of December. Leaded zinc oxide of 
the 35-percent grade was quoted at 15.375 cents per pound for carlots 
at the beginning of the year. After several price changes during the 
year, the quotation was 13.875 cents at yearend; 

Red-seal French process zinc oxide prices ranged from 15.75 cents 
to 14 cents per pound in carlots and closed the year at 14.75 cents. 
Green-seal French process zinc oxide in carlots ranged from 16.25 to 
14.25 cents and closed the year at 14.75 cents. White-seal zinc oxide 
sold in carlots was quoted at 16.75 cents a pound at the beginning of 
the year, but had decreased to 15.00 cents per pound by yearend. Zinc 
chloride (50 percent solution) was quoted throughout the year at 5.15 
cents per pound. Zinc sulfate (less than carlots) was priced at 9.75 
cents in January but declined to 9.00 cents in April and remained so 
for the rest of the year. 

Foreign Trade.—Imports of zinc pigments and salts dropped 19 per- 
cent in quantity and 23 percent in value below 1960. Of the 12,600 
tons imported, 10,200 tons was zinc oxide. 

Exports of zinc oxide were 2,200 tons and lithopone exports were 
600 tons compared with 2,100 and 200 tons, respectively, in 1960. 


TABLE 26.—U.8. imports for consumption of zinc pigments and salts 


1 Less than 1 ton. 
2 Less than $1,000. 


Source: Bureau of the Census. 
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TABLE 27.—U.8. exports of zinc pigments 


1960 


Kind 
Short tons Value Value 
.ousands) (thousands) 
Zint AT EE 2, 137 $659 $671 
Lithoponel.. beet ee ie Eege 190 35 83 


gu WEE 


Source: Bureau of the Census. 


STOCKS 


National Stockpile.—Zinc at yearend in the national (strategic) stock- 
pile was 1,256,000 tons and in the supplementary stockpile 324,000 
tons, a combined total of 1,580,000 tons, and a surplus of 1,402,000 
tons over the maximum objective. 

Producer Stocks.—Smelter stocks of slab zinc began the year at 185,- 
900 tons and rose to 222,900 tons by the end of March. Thereafter 
a steady decline began, and by the end of 1961 stocks totaled 145,500 
tons. 


TABLE 28.—Stocks of zinc at zinc-reduction plants in the United States, Dec. 31 


(Short tons) 


1957 1958 1959 1961 
At primary reduction plants: 153, 338 182. 111 152, 410 142. 147 


At secondary distilling plants 2, 495 1, 909 3, 800 3, 343 


aed 


..... ³ AAA 155, 833 184, 020 156, 210 145, 540 


1 Revised figure. 


Consumer Stocks.—Stocks of slab zinc at consumer plants were 68,900 
tons at the beginning of the year. During the first four months 
inventories declined to 57,000 tons, followed by an upward trend to 
93,800 tons by yearend. An additional 7,800 tons of slab zinc was 
in transit to consumer plants. At the average monthly rate of con- 
sumption, total consumer stocks plus metal in transit represented 
about a 6-weeks’ supply. 


TABLE 29.—Consumer stocks of slab zinc at plants Dec. 31. by industries 


(Short tons) 


Galva- Brass Zine dic- Zine Oxide 


nizers mills ! casters 2 rolling plants Other Total 
mills 
Dec. 31, 1960 3__........ 36, 091 7,823 19, 234 3,771 689 1,3 4 68, 871 
Dec. 31, 196. 98, 999 11, 124 19, 950 1, 918 77 1, 584 4 93, 8 


C'5e ides brassmills, brass Ingotmakers, and foundries, 
(8 producers of zinc-base die castings, zinc-alloy dies, and zinc-alloy rods. 
partly revised. 
on Dec. 31, 1960, and Dec. 31, 1961, exclude 1,490 and 1,332 tons, respectively, of remelt spelter. 


ZINC 1341 


PRICES 


Quoted price for Prime Western zinc at East St, Louis was 12 
cents per pound at the beginning of the year. Early in January the 
ee fell to 11.50 cents per pound, where it remained until 

ecember 1 when the price returned to 12 cents for the rest of the 

ear. 
d The average monthly zinc quotation, London Metal Exchange, was 
£78.123 a long ton (equivalent to 9.78 cents per pound computed at 
the exchange rate recorded by the Federal Reserve Board). Average 
price for January was £78.452 (9.81 cents per pound). By April 
the quotation was £83.849 (10.48 cents per pound), but it declined 
thereafter, reaching £70.688 (8.91 cents per pound) in November, fol- 
lowed by a slight rise to £72.434 (9.05 cents per pound), in December. 

Average price for new clippings was 5.89 cents per pound in Janu- 

ary; it declined to 5.12 cents in July, where it remained to yearend. 


TABLE 30.—Average monthly quoted prices of 60-percent zinc concentrate at 
Joplin, and of common zinc (prompt delivery or spot), East St. Louis and 
London 


1960 1961 
60 percent Metallic zinc (cents | 60 percent Metallic zinc (cents 
Month zinc con- per pound) zinc con- per pound) 
centrates |________________| centrates 
in the Jop- in the Jop- 
lin region East London ?? | lin region 
(per ton) | 8t. Louis (per ton) 

January A $78. 91 12. 90 11. 47 $69. 09 
February... làn 80. 00 13. 00 11. 12 68. 00 
Maren 80. 00 13. 00 11. 11 68. 00 
Fl 80. 00 13. 00 11.22 68. 00 
777 ͤ ( 80. 00 13. 00 11. 43 68. 00 
Iii 8 80. 00 13. 00 11. 27 68. 00 
ITT A MUN 80. 00 13. 00 11.22 68. 00 
Ai! ee alaa 80. 00 13. 00 10. 93 68. 00 
September.................... 80. 00 13. 00 10. 89 68. 00 
October. = 80. 00 13. 00 10. 91 68. 00 
November 80. 00 13. 00 10. 94 68. 00 
December 77. 10 12. 48 10. 34 72. 00 
Average for year........ 73. 13 12. 95 11. 05 68. 42 


t Joplin: Metal Statistics, 1962, p. 535. East Bt. Louis: Metal Statistics, 1962, p. 533. London: E&MJ 
Metal and Mineral Markets. 

2 Conversion of English quotations into American money based on average rates of exchange recorded by 
Federal Reserve Board. 

3 Average of daily mean of bid and asked quotations at morning session of London Metal Exchange. 


TABLE 31.—Average price received by producers of zinc, by grades 


(Cents per pound) 


SE High Gre res 12. 13 10. 45 11.78 1 13. 68 11. 58 
A EE 11.70 10.13 11. 42 113.19 11. 42 
Heels 11. 69 10. 81 11.85 13. 34 12. 12 
Brass Special- ß oe ce DI e 11.31 10. 38 11. 39 12. 89 11. 52 
i E T 10. 56 10. 48 10. 93 12. 64 11. 60 
Prime Westend... 11. 24 9. 98 11.18 12.15 11. 32 
Ar 3 d eds IO 11. 64 10. 22 11. 47 1 12. 85 11.45 
Prime Western; spot quotation at St. Louis 2........ 11. 40 10. 31 11. 46 12. 95 11. 55 


Revised figure, 
Metal Statistics, 1962, p. 533, 
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Yearly average was 5.36 cents per pound, compared with 7.08 cents 
in 1960. Quotations for old zinc scrap averaged 3.07 cents per pound 
in January and ranged from 2.87 cents in February to 3.75 cents in 
May; average for the year was 3.18 cents. 


FOREIGN TRADE 


Import quotas imposed October 1, 1958, by Presidential Proclama- 
tion 3257, dated September 22, 1958, remained in effect through 1961. 
Quotas limited annual competitive imports of unmanufactured zinc 
(not including zinc fume) to 379,840 tons in ores and concentrates and 
141,120 tons as metal. Quotas established were 80 percent of the aver- 
age dutiable imports into the United States during 1953-57. Specific 


TABLE 32.—U.S8. imports’ of zinc, by countries 
(Short tons) 


Country 


Ores (zine content): 
North America: 


Canad Accs. ee See a ; : 3120, 336 
Cu EE x : 723 88 78 
Guatemala ! : , 4: 6, 063 
Honduras : ; ' 4. 714 
E A : ; 3 190, 621 
Other North America 
q A A A ; ; ; 3 3 321. 812 
South America: 
Arren tina aaa 
r : $1,214 
f ,05 . 977 ( 30 
POT. lc en ote tides 88 3 80, 100 
Other South America 3 58 
Totál A isisa : ; 3 81, 402 
Europe: 
Gemini, G ² A AAA EEEE 2 
alo ⁵ðͤ ĩ exe ; ; 
AA IS REA A ; 18, 913 
Other Europe —— vi ; 100 
Total eer : à : 19, 01^ 
sia: 
Lénker AMA 34,774 
Other E sio coca as 7 24 
TOCA) cout ³ K 3 4, 798 
Africa: 
Union of South Africa , 12, 3M 
Other Africa 787 39 
„ 78 2 Sea 12, 339 
Oceania: Australia. ; T 73. , 217, 759 
Grand total: Ores , 26. E. ; 3 457.155 


Blocks, pies, or slabs: 
North America: 
Én SE 


Germany, West. 
See footnotes at end of table. 
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TABLE 32.—U.8. imports! of zinc, by countries—Continued 


(Short tons) 
1952-56 
Country (aver- 1957 1958 1959 1960 1961 
age) 
Blocks, pigs, or slabs—Continued 
Europe—Continued 
AAA sce 10, 599 10, 010 6, 166 7, 459 3, 517 1, 820 
Netherlands 3, 364 2, 504 Ü DEE 20 
Nh s nÜdRSeCE 1,531 liz 2, 769 TOR |... [x rema 
United "Kingdom c TES 1, 406 1. 701 672 841 333 (3 
Yugoslavia. AS 1, 038 10, 909 5, 781 3, 643 4, 520 , 198 
Other Europe..................... bt DEE, A 8 2, 986 7, 197 
vk RE 44, 975 69, 169 42, 398 20, 052 19, 760 25, 968 
Asia: Japan.. 1,021 2, 887 2.020: A / 
Africa: 
Congo, Republic of the, and 
Ruanda-Urundi 9, 557 33, 007 20, 991 12, 790 9, 307 11, 420 
Rhodesia and Nyasaland, Feder- 
ation OF ------- -2-2 381 3, 974 1, 064 4, 667 615 1, 400 
Other Africa...................... )))! PS E A 
P11. 10, 863 36, 981 22, 055 17, 457 9, 922 12, 820 
Oceania: Australla 2 3, 669 9, 523 2, 240 , 365 ; 


H EH EH EH | e——M———— e———————— 
PP > E Ke E 


Grand total: Blocks, pigs, or slabs..| 189,563 | 269,007 | 195,199 | 156,963 | 120, 767 127, 562 


1 Data include zine imported for immediate consumption plus material entering country under bond. 
2 Revised figure. 

3 Less than 1 ton. 

4 Includes 52 tons imported from French Pacific Islands, 

5 Effective July 1, 1960; formerly Belgian Congo. 

€ Effective July L 1954; formerly Northern Rhodesia, 


Source: Bureau of the Census, 


TABLE 33.—U.8. imports for consumption * of zino, by classes 


Ore (zinc content) | Blocks, pigs, slabs Sheets Old and worn out 
Year 
Short Value Short Value Short Value Short Value 
tons (thou- tons (thou- tons (thou- tons (thou- 
sands) sands) sands) sands) 
mo (average)... 463,998 | 3 $58, 374 | 188,126 | $40,341 277 3 $102 918 $117 
EE 679, 416 88, 516 268, 824 | 2 64, 129 732 245 227 82 
1088 FFC 537. 699 51. 121 185, 693 35, 511 901 285 235 31 
195999... 424. 134 37. 475 164. 462 33. 996 951 311 183 26 
19880; —8 3 382.938 | 838,704 | 120,925 29, 639 904 302 106 14 
1001... 52e cea 357, 653 31, 920 125, 186 27, 540 1, 183 354 303 82 
Dross and 
skimmings 
Short Value 
tons (thou- 
sands 
ms o Grernngs eode o RuclAeeE ec 1, 357 $147 
J...... 737 
IJJü ⁵ ↄ ³ↄð A eee as 955 
)))½kk;üõõͤ ⁵ ³ ³ ³ KA 1. 099 
r A 8 1, 107 


1 Excludes imports for manufacture in bond and export, which are classified as Imports for consump- 
tion’’ by Bureau of the Census. 

2 Data known to be not comparable with other years. 

3 Revised figure. 

In addition manufactures of zinc were imported as follows: 3 1952-56 (average), $107,203; * 1957— $264,348 
1958— $389,503; 1959—$811,916; 1960— $836,871; 1961— $787,496. 


Source: Bureau of the Census. 
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TABLE 34.—U.8. imports for consumption! of zinc, by countries 


Country 


Ores (zinc content): 
North America: 


E EEN 


South America: 
Argentina ke 
Eeer 


la: 
Philippines 
Other ia eege 


frica: 
Union of South Africa 
Other Africa...................... 


Blocks, pigs, or slabs: 
North America: 


Europe: 
AUS EE 
Belgtum-Luxembourg.........-... 
Germany, West. 
A ³ 
Netherland gn gn n.... 
Nock An 
United Kingdom 
(Tucoxlavia. coupe as 
Other Europe....................- 


Africa: 
Congo, Republic of the and Ru- 
anda-Urundl 99. 


ation of .. 


Gl eot ree 


(Short tons) 


1952-56 
(average) 


———— dM | ne | —————— —?ͥ M | ————————— 
—————M— | eee —— — ee —ʒ — 


———— | —————————— | EN EA eee — 
——MÁ— — — — Kee | eee | Kaes? 


T | | —— — | —  — | —— ————— | —— ———— 


———— | ——————— . — | [jf [A— —eů— 
— ͤ — [ILMÁ——— ———— | eee — ̃ 2 | — — r — — 


— | —A—4—2E——— . ͤ N2—Ü—Bü———— 


— 2 2—ißuͤ | T | ——————S — o 
—— M | —— | — — ᷓ——— | — 


6, 342 19, 751 
589 (3) 

6, 931 19, 751 

6, 208 5. 710 


463,998 | 679, 416 


— . — — 1 | LI————— —————— — 4 
——— . ——— — — ——— — ———M—— 


103, 964 
23, 690 


E | — ——— | —————Ó—— | eR —— 


121,012 | 127, 654 
6, 620 22, 947 


AE E EH | ——— MÀ 
E —ñ— — —— EH E 


—— a ——— ] 2. —ö——ͤ——ß— | rt 
— —— ———— | —— — — A — —— — —— 


— — [ —ñ——ͤ— M M —Inn . — | — h—. Re 


— . — XK —Ó | ———M— 1 —— 
———̃ ͤ.—-—— — — — — L—————————— — — 


1 Excludes Imports for manufacture in bond and export, classified as Imports for consumption” by Bu- 


reau of the Census. 
2 Revised flyure. 
3 Less than 1 ton. 
$ Includes 52 tons Imported from French 


Pactfic Islands. 


8 EiTectivo July 1, 1960; formerly Belelan Congo. 
$ Etfective July 1, 1954; formerly Northern Rhodesia. 


Source: Bureau of the Census. 
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uotas were assigned to those countries supplying substantial quan- 
tities of U.S. imports, and an “all other” quota was established to 
cover the remaining eligible countries. 

Imports for consumption (imports for immediate consumption plus 
withdrawals from bonded warehouses for consumption) given in table 
34 give a close approximation of dutiable imports of unmanufactured 
zinc entering the United States. Imports of zinc fume, excluded from 
the quota restrictions, amounted to approximately 43,000 tons, averag- 
ing 77 percent zinc (40,000 tons in 1960). Mexico was the primary 
source. 

Imports.—General imports (imports for immediate consumption plus 
entries into bonded warehouses) presented in table 32 show all physi- 
cal entries of unmanufactured zinc into the United States. General 


TABLE 35.—U.8. exports of slab and sheet zinc, by countries 
(Short tons) 


Slabs, pigs, and blocks Sheets, plates, strips, or other 
forms, n.e.s. 


Destination 
1958 1950 1960 1961 
North America: 
ATA 6 13 11 382 1, 
¡1 AA 31 114 105 |........] 132] 76] 64 
¿e A esecev fexus 845 | 1,255 | 1,119 |........ 
Other North America 46 55 19 
C AAA 928 | 1,437 | 1,236 401 
South America: 
A A EEN 43 |.......- |.) A DEEN 
11111 ⁰» ͥ 0 PECAR 135 2, 414 598 
f/ -r A A 36 523 1 311. 
Colombia AN 14 37 1. 045 
Venezuelnaaza 2c scs 88 0 161 
Other South America 463 
'POtal- ^06. ²˙¹ ¹ AA 58 738 | 3. 942 5,771 
Europe: 
Belgium- Luxembourg 1, 624 340 |........ 
Pink A EA 140 56 
Germany, Wes 56 , 364 336 
Ill é 224 
Netherlands 280 | 2,522 | 2,252 
o A A PO 2, 475 4,847 , 993 
Switzerland... oc. secos dood ees, Seege 336 |........ 
United Kingdom 672 | 4,065 | 25,394 | 12, 265 
Other Europe...................|---.--..|- --.-..-- 700 | 1,806 
vk, EE 672 | 8,500 | 38,203 | 18, 932 
ol hh EE EEN 635 | 11,172 | 10, 490 
rnb 1 25 | 18, 125 7,3533] 111 1 
Korea, Republic o jj). rr A 
Phillpp ines ¡E PACA 79 | 1,685 35 
Other Asia ...-.... .....- 22 ee 405 14 1, 403 2, 274 4 
r oc ͤ cay 411 674 | 31, 754 | 24. 941 141 43 71 
Africa: 
Union of South Africa 4 42 50 76 
Other Africa. ä 9 8 3 4 4 
TO Li C S 9 8 45 54 80 
Gee 0 2 6 22 13 
Grand total.. 2, 073 | 11, 629 | 76,144 | 50,055 | 3,818 | 3,529 3, 219 


Source: Bureau of the Census. 
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imports of ores and concentrates declined 9 percent to 415,700 tons. 
Zinc metal imports increased 6 percent. Mexico, Canada, Peru, and 
Guatemala supplied most of the zinc imported in ores and concentrates, 
and Canada, Belgium-Luxembourg, ye ae of the Congo, and Mex- 
ico supplied most of the metal imported. 

Exports.—Exports of slab zinc declined from 75,100 tons in 1960 to 
50,100 tons in 1961. The United Kingdom, India, Japan, and Brazil 
recelved most of these exports. 


TABLE 30.—U.8. exports of zinc ore and manufactures of zinc 


Zinc ore, Sheets, plates,| Zinc scrap Semifabri- 
concentrates | Slabs, pies, strips, or and dross cated forms, Zine dust 
(zinc content) or blocks other forms | (zinc content) n.e.c. 
n.e.s. 

Year EE EA SS AER EAS EIA 
Short | Value | Short | Value | Short | Value | Short | Value | Short | Value | Short | Value 
tons |(thou-| tons |(thou-| tons ¡(thou-| tons |(thou-| tons |(thou-| tons |(thou- 

sands) sands) sands) sands) sands) sands) 
1952-56 

(average)...| 1,435 | $364 |25, 512 |$8, 233 | 4,201 |$2, 601 |11,039 |$1, 253 (1) $230 (5 

1957..........- 7 (3) [10,785 | 2,553 | 4.056 | 2,950 | 5, 469 822 485 247 595 $195 
TORS IA, A EA 2,073 704 113,818 142,637 | 5, 344 364 |11, 168 512 519 170 
1959... 2... 1 (3) |11,629 | 2,673 |13, 529 ¡42,7 11. 332 | 1,053 |41,071 612 521 152 
1060 13 3 75. 144 18. 122 143,324 (2, 443 112,169 | 1,499 (2. 569 | 1, 195 777 57 
196 1. 670 124 50, 055 11, 196 3, 219 (2, 271 | 5, 900 871 | 3,036 | 1,317 717 221 


1 Effective Jan. 1, 1952, zinc and zinc-alloy semifabricated forms, n.e.c. were exported as follows: 1952— 
quantity not available; 1953—286 tons; 1954—543 tons: 1955—651 tons; 1956—582 tons. 

3 Not included in 1052-56 averages: 1952 included with “‘scrap,’ 1953—502 tons ($181,055); 1954—509 tons 
($150,756); 1955—455 tons ($161.956); 1956—372 tons ($136,096). 

3 Less than $1,009. 

* Owing to changes in classification by Bureau of the Census, data not strictly comparable to earlier years. 


Source: Bureau of the Census. 


Tariff.—Duty on slab zinc remained throughout 1961 at 0.7 cent a 
pound, that on zinc contained in ore and concentrate at 0.6 cent a 
pound, and that on zinc scrap at 0.75 cent & pound. Duties on zinc 
articles covered by the Tariff Act of 1930 were unchanged, remaining 
as shown on page 1290, Volume 1, 1953 Minerals Yearbook. 


WORLD REVIEW 
NORTH AMERICA 


Canada.—Consolidated Mining & Smelting Co. of Canada, Ltd., con- 
tinued as the principal a zinc producer. According to the 
annual company report, the Sullivan crean mine at Kim- 
berly, British Columbia, produced 2,460,000 tons of crude ore. A new 
lower level crushing installation and extensions to a conveyor haulage 
belt system were nearing completion at yearend. The Bluebell lead- 
zinc mine at Riondel, British Columbia, produced 253,000 tons of ore. 
A heavy inflow of water at lower levels was combated by extensive 
d cementation. Production from H. D. zinc-lead mine near 

almo, British Columbia, was 473,000 tons of ore. Pine Point Mines, 
Ltd., à company subsidiary, reached agreement with the Canadian 
Government to construct a railroad to its zinc-lead property near 
Great Slave Lake. Completion of the railroad and first production 
at the mine was expected by the end of 1966. Exploration extended 
the mineralized zone at Duncan Lake lead-zinc property in the 
Lardeau district of British Columbia and tested for occurrence of lead- 
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zinc ore near Red Bird adit in the Salmo area of British Columbia. 
Production of slab zinc at the Consolidated Mining electrolytic plant 
at Trail, British Columbia, was 193,100 tons, 72 percent of total Cana- 
dian output. A major part of the zinc was derived from concentrates 
at company-owned mines, with lesser quantities obtained from plant 
residues and slags and from purchased concentrates. At Trail 
facilities were under construction to provide for treating of additional 
concentrates when the supply of stockpiled residues became exhausted. 

Reeves McDonald Mines, Led. reported in its annual report that the 
company mined and milled 420, 500 tons of ore at its Remac, British 
Columbla, mine, and produced concentrates containing 16, 456 tons of 
zinc plus values in lead, silver, and cadmium. Development ineluded 
4,500 feet of drifts and raises, 693 feet of shaft sinking, and 3, 692 feet 
of test drilling. 

Sheep Creek Mines, Ltd., Windermere, British Columbia, reported 
production for the year ending May 31, 1961, to be 201,500 tons of ore 
grading 5.28 percent zinc and 2.63 percent lead. Milling yielded 
16,440 tons of zinc concentrate plus values in lead and silver. Ex- 
ploratory drilling intersected ore at a vertical depth of 200 feet below 
the present bottom level.* 


TABLE 37.—World mine production of zinc (content of ore) by countries > ° 
(Short tons) 


Country: 1952-56 1957 1958 1959 1960 1961 


North America: 


Greenland — .... 
Guatemala lll... 


Argentina.................-..... 


Bügeln sod 
A AA 


See footnotes at end of table, 


3 Canadian Mining and Metallurgical Bulletin. V. 64, No. 591, July 1961, p. 568. 
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TABLE 37.—World mine production of zinc (content of ore) by countries — 


Continued 
(Short tons) 
Country 1952-56 1957 1958 1959 1960 1961 
(average) 
Asia: 
, ve reu dos dcEE 6, 100 10, 200 12, 100 12, 100 11, 000 K 100 
Ching AA Ge 23. 400 44, 000 50, 000 72, 000 88, 000 110. 0 0 
/// ²⁰ A 8 3, 000 4. 500 4, 300 6, 000 5, 800 5,40 
ICC A 5, 800 5, 000 9, 900 7, 400 7, 700 7, ( 
Tapan / 115, 776 149, 921 157, 601 156, 899 172, 769 185. 050 
0 
North ð 11 40, 000 80, 000 90, 000 90, 000 90, 000 90, Ono 
Republic of.................. 203 311 369 4 46 500 
Phllippines...................... 728 330 6 5. 487 3, 2 
Fang. 2. 227 1, 820 600 840 1, 170 1, (eg 
Turkey keete e reet 2, 664 2, 120 2, 090 1, 650 3, 000 2, 200 
/ A 199, 000 298, 000 327, 000 347, 000 385, 000 413. 000 
Africa: 
AlgeriS......- -202 tai da 27,370 32, 743 36, 725 42, 774 43, 320 47, 000 
Congo, Republic of the (formerly 
Beger 108. 983 117, 682 125, 646 77, 130 120, 352 109, 692 
Morocco: Southern zone......... 40, 458 53, 864 54, 257 61, 301 54, 199 44, 951 
Rhodesia and Nyasaland, Feder- 
ation of: Northern Rhodesia... 31, 989 40, 353 38, 034 46, 497 49, 242 50. 081 
South-West Africa t.............. 19, 796 25, 349 15, 910 12, 395 13, 119 14. 8 
r ue n Eau U oon 5, 029 3, 867 4, 566 3, 656 4, 212 3. 747 
/ ˙¹m eer 233, 625 273, 858 275, 138 243, 753 234, 444 270. 377 
Oceania: Australia................... 273, 684 328, 573 294, 609 278, 631 325, 012 322. 781 
World total (estimate) 2 3, 140, 000 | 3,470,000 | 3, 360,000 | 3, 350, 000 | 3, 590, 000 | 3, 720, 000 


1 Data derived in part from the Yearbook of the American Bureau of Metal Statistics, the United Nations 
Statistical Yearbook, and the Statistical Summary of the Mineral Industry (Overseas Geological Surveys, 


London). 
3 In addition to countries listed, Czechoslovakia and Rumanta also produce zinc, but production data are 


not available; estimates for these countries are included in totals. 
3 This table incorporates some revisions. Data do not add exactly to totals shown because of round- 
ing where estimated figures are included in the detail. 
* Recoverable. 
! Average annual production, 1955-56. 
¢ Estimate. 
? United States Imports. 
$ One year only as 1956 was first year of commercial production. 
* Smelter production. 
19 Year ended March 21 of year following that stated. 
! Average annual production, 1953-56. 


Compiled by Augusta W. Jann, Division of Foreign Activities. 


Hudson Bay Mining & Smelting Co., Ltd., operated its zinc-copper- 
lead mines along the Manitoba-Saskatchewan boundary and ranked 
second in production of zinc in Canada. The mill treated 1,683,000 
tons of ore, an increase of 700 tons over 1960. Millfeed was 60.3 per- 
cent from Flin Flon mine, 17.5 percent from Coronation mine, 16.3 
percent from Chisel Lake mine, and 5.9 percent from Schist Lake 
mine. Exploration and development were underway at Osborne Lake 
and Stall Lake properties in the Snow Lake area. Hudson Bay’s ore 
reserve on December 31 was given as 15.3 million tons with an average 
zinc content of 4.9 percent. Slab-zinc production at the company 
electrolytic plant at Flin Flon (Manitoba) was 74,900 tons, the high- 
est in the history of the plant and 28 percent of the Canadian output.” 

Stall Lake Mines, Ltd., began shatt sinking on its Manitoba prop- 
erty adjacent to Hudson Bay Co. property at Stall Lake. 


> Hudson Bay Mining & Smelting Co., Ltd. Annual Report. 1961, pp. 7-9. 
10 Mineral Resources Division, partment of Mines and Technical Survey. Mineral 


Information Bulletin. M.R. 56, Ottawa, Canada, p. 31. 
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TABLE 38.—World smelter production of zinc by countries 


(Short tons) 
Country 1952-56 1957 1958 1959 1960 1961 
(average) 
North America: 
Gnadgngnss Ee 247, 726 247, 316 252, 083 255, 306 260, 968 268, 006 
Mexico . 59, 703 62, 353 63, 329 61, 362 58, 318 57, 119 
United States.. 914, 025 985, 796 781, 246 798, 666 799, 516 846, 795 
OGL EE 1, 221, 454 | 1, 295, 465 | 1,096, 668 | 1, 115, 334 | 1, 118, 802 | 1,171, 920 
South America: 
Argentina 13, 404 16, 150 17, 400 14, 100 17, 600 15, 900 
F/?» 8 12, 345 32, 483 32, 034 20, 595 35, 712 35, 567 
ol 25, 749 48, 633 49, 434 43, 695 53, 312 51, 467 
Euro 
A USITIR ˙·AA AAA RSS Rd 34,712 10, 291 11, 698 12, 608 12, 700 13, 302 
Belgium 8... 228, 388 259, 755 236, 730 247, 250 272, 891 270, 670 
UA A 8 5 3, 966 8, 282 9, 000 9, 900 18, 600 1 24, 000 
Funes SEN 109, 490 143, 646 163, 606 161, 218 165, 471 183, 024 
Germany: 
Eüst ⁵ↄꝛ»MQA¹1.]ðĩt ASA A AA AA EA ; 
bur. 182, 501 202, 548 146, 816 152, 046 156, 290 155, 373 
II/ ⁵³ ch ERE 70, 766 82, 107 78, 656 83, 499 87, 518 75, 401 
Netherland 20, 673 33, 085 20. 285 35. 445 39, 771 43, 643 
NO WAY ual ace cR EU ces 47, 793 299 50, 180 53, 767 48, 460 51, 012 
Set WEE 156, 500 175, 013 179, 252 185, 193, 501 
apam JJ 25, 273 k 21, 239 27, 039 49, 565 57, 910 
FJ ( 256. 000 360, 000 370. 000 380, 000 445, 000 
United Kingdom. ............... 86, 353 86, 111 83, 537 81, 722 83, 219 104, 030 
Yugoslavia... .................. 16, 817 32, 473 34, 445 35, 220 39, 612 40, 750 
Total EE 1, 225, 000 | 1,452,000 | 1,421,000 | 1, 466,000 | 1, 559, 000 | 1, 680, 000 
Asia: 
China (refined) 7 22, 700 41, 000 45, 000 66, 000 77, 000 100, 000 
P dd 110, 199 152, 152 155, 401 175, 642 198, 920 234, 165 
Korea, RE, — 5, 22, 000 27, 000 50, 000 65, 000 
Total AA 8 133, 000 198, 000 222, 000 269, 000 326, 000 399, 000 
pL—————pRMÓMÁÁ——————M 1 == 4 E—ÓÓ—MÀ AAA CO ==> 
Africa: 
Congo, Republic of the (formerly 
Belgian) EE 8 31, 926 54, 227 58, 905 60, 418 58, 817 62, 709 


Rhodesia and Nyasaland, Fed- 
eration of: Northern Rhodesia. 29, 576 33, 040 33, 880 33, 483 33, 368 33, 444 


ee o —ͤ | ce —ßK——— —— —ná— 


n NER 61, 502 87, 267 92, 785 93, 901 92, 185 96, 243 
Oceania: Australla————— 109,361 | 123,589 | 128,547 | 130,436 | 134. 658 155,342 
World total (estimate) | 2, 780, 000 | 3, 200,000 | 3,010,000 | 3,120,000 | 3, 280,000 | 3, 550, 000 


1 In addition to countries listed, Czechoslovakia and Rumania also produce zinc, but production data 
are not available; estimates are included in the totals. 

2 Data derived in part from the Yearbook of the American Bureau of Metal Statistics, the United Nations 
Monthly Bulletin and the Statistical Yearbook, and the Statistical Summary of the Mineral Industry 
(Overseas Geological Surveys, London). 

3 This table incorporates some revisions. Data do not add exactly to totals shown because of rounding 
where estimated figures are included in the detail. 

4 In addition, other zinc-bearing materials were as follows: 1953-56 (average), 31,458 short tons; 1957— 
30,504; 1958—19,572; 1959—314; 1960—1,246; and 1961—1,992. 

Average annual production 1955-56. 

* Includes production from reclaimed scrap. 

Estimate. 

8 Average annual production 1953-56. 


Compiled by Augusta W. Jann, Division of Foreign Activities. 


According to the annual report of Willroy Mines, Ltd., the company 
milled 421,800 tons of ore from its Manitouwadge (Ontario) mine. 
Average grade decreased from 7.39 to 6.68 percent zinc and yielded 
concentrate containing 22,800 tons of zinc plus quantities of copper, 
lead, silver, and gold. The shaft was extended 413 feet to 2,240 feet 
total depth, and lower working levels were being developed. Ore 
reserves were estimated to be adequate for 5 years’ operation at the 
1961 rate of extraction. 
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Geco Mines, Ltd., at Manitouwadge retained its rank as the third 
largest zinc producer in Canada by milling 1,277,000 tons of ore with a 
calculated grade of 3.99 percent zinc, 1.54 percent copper, and 1.52 
ounces of silver per ton. The ore yielded 77,379 tons of zinc con- 
centrate containing 42,005 tons of zinc, an increase of 48 percent. 
Based on results of drilling, there was a net increase in reserves of 
700,000 tons to 18.3 million tons, containing 4.23 percent zinc, 1.94 per- 
cent copper and 2.32 ounces of silver per ton." 

The zinc sulfide concentrate roasting plant of Sherbrooke Metal- 
lurgical Co., that started operating in 1960, was approaching plant 
roasting capacity of 500 tons of concentrate per day by yearend. 

In Quebec, Quemont Mining Corp., Ltd., milled 822,000 tons of 
ore containing 2.53 percent zinc plus values in copper, gold, and silver. 
Production was 29,323 tons of zinc concentrate containing 52.1 - 
cent zinc.’? In its annual report, Solbec Copper Mines, Lid. 
stated that extensive underground development and construction of 
a 1,000-ton-per-day concentrator, at a site about 50 miles east of Sher- 
brooke, was expected to be in production early in 1962. The copper- 
zinc deposit reserve was 1.4 million tons of ore, grading 3.80 percent 
zinc. On an adjoining property an associated company, Cupra Mines, 
Ltd., was sinking a shaft to a planned depth of 1,600 feet to a copper- 
zinc ore body with a drilled reserve of 817,000 tons, containing an 
average 3.53 percent zinc. Other Quebec producers of zinc concen- 
trate included Normetal Mining Corp., Ltd., which milled 355,000 
tons of a copper-zinc-gold-silver ore, yielding 23,557 tons of zinc con- 
centrate containing 53.0 percent zinc; Waite Amulet Mines, Ltd., 
which treated 248,800 tons of ore and produced 8,890 tons of zinc con- 
centrate with 50.7 percent contained zinc; and East Sullivan Mines, 
Ltd., which for the first 8 months of 1961 milled 674,800 tons of a 
copper-zinc-ore, yielding concentrate containing 2,800 tons of zinc. 

In Northwestern Quebec, Coniagas Mines, Ltd., began producing 
zinc concentrate in a new 350-ton-per-day-capacity mill at its Bache- 
lor Lake property. Ore reserves were estimated at 407,000 tons aver- 
aging 15.7 percent zinc.“ 

Mattagami Lake Mines, Ltd., continued underground development 
and arranged for construction of a 3,000-ton-per-day concentrator at 
its Mattagami Lake district property. Initial output was expected in 
mid-1963. Mattagami and associated companies completed financing 
for a 200-ton-per-day electrolytic zinc plant with production planned 
to begin in late 1963. Contracts were made with underwriting mining 
companies to supply zinc concent rates.“ 

In New Brunswick, Heath Steele Mines, Ltd., continued under- 
ground development. A milling agreement was made to make avail- 
able one-half of the mill capacity for treating copper ore from the 
Wedge mine of The Consolidated Mining & Smelting Co. of Canada, 
Ltd., and to reserve the remaining one-half for Heath Steele Mines' 
own ore.!5 | 

In Newfoundland, Buchans Mining Co., Ltd., operated its lead- 
Zinc-copper mine and concentrator at Buchans. 


11 Geco Mines, Ltd. Annual Report. 1961, pp. 3-5. 

12 Quemont Mining Corp., Ltd. Annual Report. 1961. p. 3. 

3 Canadian Mining and Metallurgical Bulletin. V. 54, No. 591, July 1961, p. 574. 
“4 Northern Miner. V. 47, No. 52, Mar. 22, 1962, pp. 1, 12. 

u American Metal Climax, Inc. Annual Report. 1961, p. 20. 
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Mexico.—An agreement was reported signed by the Mexican Gov- 
ernment and the Belgian firm, Sybetra, for constructing a 30,000-ton- 
per-year zinc smelter. Zincamex, a newly formed Government-owned 
company, expected to assume operation of the facility by 1964.7 

American Smelting and Refining Company continued operating 
its extensive zinc-producing units in Mexico. Efforts were being 
made to arrange for Mexican capital to purchase a majority of the 
company assets so that advantage could be taken of the 1960 mining 
law providing for special tax rebates and other benefits to Mexican- 
controlled companies. 

American Metal Climax lead-zinc operations in Mexico were as- 
sumed by Metalurgica Mexicana Penoles, successor to former Amer- 
ican Metal Climax subsidiary, Cia. Minera de Penoles, S.A 2 

According to the annual report of San Francisco Mines of Mexico, 
Ltd., for the year ending September 30, 1961, a total of 920,000 tons 
of ore was milled from the company's San Francisco and Clarines 
mines and produced 108,153 tons of 57.32 percent zinc concentrate 
plus values in lead, copper, silver, and gold. Ore reserve was in- 
creased during the year by 60,000 tons to a total of 6.6 million tons 
averaging 7.95 percent zinc, 5.61 percent lead, and 0.57 percent copper. 
During the year majority ownership was attained by Mexican in- 
vestors, and Cia. Minera Plomosa, S.A., subsequently renamed Minera 
Frisco, S.A., assumed operation. 

Fresnillo Co. operated its lead-zinc mining and milling units at 
Fresnillo in Zacatecas and at Naica in Chihuahua. In the year end- 
ing June 30, 1961, the company milled 607,000 tons of ore, including 
41,900 tons of custom ore, at Fresnillo mill and 345,700 tons of ore 
at Naica mill. The Fresnillo mill yielded 36,360 tons of 51.6 percent 
zinc concentrate; the Naica mill yielded 34,556 tons of 54.5 percent 
zinc concentrate. Production was halted at Naica for 7 weeks due to 
a strike. The company transferred a 51-percent interest in its various 
Mexican activities to Matelurgica Mexicana Penoles, S.A.“ 


SOUTH AMERICA 


Argentina.—Cia. Minera Aguilar, S.A., a subsidiary of St. Joseph 
Lead Co., operated its lead-zinc-silver mine in the Province of Jujuy. 
The mill produced 55,600 tons of zinc concentrate, compared with 
57,600 tons in 1960. Cia. Metalurgica Austral-Argentine, S.A., 
smelted the concentrate at its electrothermic zinc smelter and pro- 
duced 9,671 tons of slab zinc, compared with 11,720 tons in 1960.“ 

Cia. Minera Castano Viejo, S. A., a subsidiary of National Lead Co., 
operated its mine at full capacity throughout the year. 

Bolivia.— The Bolivian Congress authorized the Government agency, 
Corporation Minera de Bolivia, to solicit proposals for exploiting the 
Matilde zinc-lead-silver ore deposit near Lake Titicaca. Exploratory 
drilling and underground workings had developed a reserve of about 
3 million tons of ore averaging 18 percent zinc. 

Peru. Cerro de Pasco Corp. produced 35,006 tons of slab zinc at its 
La Oroya electrolytic zinc plant from concentrates produced at com- 


16 Foreign Trade (Ottawa). V. 116, No. 13, Dec. 16, 1961, p. 22. 

17 American ee nok and Refining Co Annual Report. 1961, p. 13. 
133 American Metal Climax, Inc. Annual Report. 1961, p. 26. 

% The Fresnillo Co. Annual Report. 1961, pp. 10-13. 

0 St. Joseph Lead Co. Annual Report. 1961, p. 9. 
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pany-operated mines, Sales of zinc concentrate for export decreased 
24 percent to 83,283 tons, largely because concentrates were being 
stockpiled while capacity of the zinc plant was being expanded from 
35,000 to 55,000 tons per year. The expansion is scheduled to be com- 
pleted in 1962. Output increased at two copper-lead-zinc mines 
operated by Compania de Minas Buena Ventura, S.A. The open-pit 
zinc-lead Santander mine of Cia. Minerales Santander, Inc., produced 
37,806 tons of zinc concentrate, an increase of 16 percent. Other sig- 
nificant zinc producers in Peru included Cia. Minera Atacocha; 
Volcan Mines Èo. : Mauricio Hochchild and Co. ; Compagnie des Mines 
de Huaron; Northern Peru Mining Corp.; Cia. Minera E S. A.; 
Ge Minas de Cercapuquio, S.A.; and Sindicato Minero Rio allauga, 


EUROPE 


Bulgaria.—The zinc section of the lead-zinc plant being built at 
Plovdiv was completed. Planned annual output is 30,000 tons of zinc 
and 40,000 tons of lead.?? 

Finland.—The Vihanti mine continued as the leading zinc producer 
in Finland, yielding 94,140 tons of zinc concentrate containing 54.57 
percent zinc from 482,000 tons of ore. Outokumpu Oy continued con- 
struction at its copper-zinc mine at Pyhasalmi, scheduled to begin 
tege in 1962 with a planned annual output rate of 44,000 tons 
of zinc cencentrate. 

Italy.—Montevecchio and Monteponi, the two largest lead-zinc pro- 
ducers in Sardinia, merged under the new company name of Monteponi 
e Montevecchio Societi per Azioni. At the Monteponi mine a new 
plant for recovering zinc from oxidized ores in old tailings began 
operation. In northern Italy, the Salafossa mine increased output 
from new facilities installed in 1960.“ 

Norway.—Det Norske Zinkkompani A/S, only zinc producer in Nor- 
way, planned to expand plant capacity from 48,000 to 65,000 tons of 
zinc a year. 

Poland.—Zinc output for both ore and metal increased, and zinc 
remained the leading nonferrous metal in the Polish economy. Fur- 
ther expansion in output was planned, including greater production 
from the Olkuze-Chrzanow and Trzelionka mines.” 

Rumania.—A zinc-lead smelting plant, using the Imperial smelting 
process, was to be built for Masinimport. The construction contract 
was awarded to Power-Gas Corp., Ltd., and Huntington Heberlein & 
Co., Ltd., both English concerns.“ 

Spain.—Asturiana del Zinc, SA, planned to double the capacity of 
its electrolytic zinc plant at San Juan de Nieva in northern Spain to 
bring total annual capacity to 29,000 tons.** 

Sweden.—Boliden Mining Co. announced plans for a slag-fumin 
plant, with operation anticipated in 1964. Approximately 20,000 to 
25,000 tons of zinc fume was to be produced per year from treatment 


3! Cerro Corp. Annual Report. 1961, pp. 10-11. 

33 Mining Journal (London). V. 258, No. 6595, Jan. 12, 1962, p. 39. 

33 The Mining Journal (London). Annual Review. May 1902, p. 277. 

2 Mining World. Catalog Survey and Directory Number. Apr. 25, 1962, p. 138. 

3 Foreign Trade (Ottawa). V. 116, No. 14, Dec. 30, 1961, p. 21. 

* Mining Journal (London). Annual Review. May 1902, p. 261. 

™ Chemical Trade Journal and Chemical Engineer (London). V. 150, No. 8895, Jan. 26. 
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of 200,000 tons of copper slag. The product was to be shipped to 
other European plants for further processing.” 

United Kingdom.—British Government, through the Board of Trade, 
announced that it was offering for sale about 970 tons of high-grade 
or special high-grade zinc for delivery and pricing between December 
1961 and April 1962.0 

Yugoslavia.—At Novo Brdo, 30 miles southeast of Yugoslavia’s larg- 
est lead-zinc mine at Trepca, a mine described as the oldest lead-zinc 
mine in the world was to be reopened. After extensive operations in 
the Middle Ages, the mine was closed in 1445, reopened from 1952 to 
1959, and after discovery of 6 to 7 million tons of new ore containing 
8 to 10 percent of lead and zinc combined plus values in silver, the 
mine was expected to again become an important producer.” 


ASIA 


Burma.—Burma Corp., Ltd., continued to operate Bawdwin lead- 
zinc-silver mine in the Shan States of northern Burma. The Govern- 
ment of the Union of Burma and the United Nations signed an agree- 
ment for a jointly sponsored study of the mining industry of Burma. 
This study will determine the low-grade reserve, the economic feasi- 
bility of using this resource, and the possibility of installing a zinc 
smelter to operate in part on a large stockpile of lead-slag containing 
an appreciable percentage of zinc.“ 

ina.—Main zinc mining and smelting centers were Shenyang, 
Shao-Kuan, Hu-lu-tao, and Shui-k’ou-shan. The latter two centers 
reportedly had annual slab zinc output capacities of 22,000 tons each. 
There are large lead-zinc deposits at T’ao-lin, Hunan, and a mine-mill 
operation of about 1,200,000 tons annual ore output was planned.“ 

India.—Metal Corporation of India, Ltd., continued operating Zawar 
mines in Rajasthan, India’s only lead-zinc producer. Initial construc- 
tion was begun on an 18,000-ton-annual-capacity electrolytic zinc 
plant at Udaipur scheduled for production in 1963. The Government 
granted a license to G. D. Binani & Co. for building a zinc smelter in 
the Calcutta area with a 12,000-ton-per-year capacity. 

Japan.—A survey of Japanese ore reserves by the Ministry of In- 
ternational Trade and Industry gave total lead-zinc ore in 42 mines on 
April 1, 1960, as 60 million tons containing 3.3 million tons of Zinc 
and estimated that 72 percent of the zinc would be recoverable, 

Turkey.—Zinc-lead ore mining continued at Etibank's Keban mine 
in Euphrates Valley; 16,500 tons was milled; this quantity yielded 
2,770 tons of zinc concentrate averaging 44 percent Zinc. 


AFRICA 


Algeria.—Zinc ore production continued the gradual upward trend 
of the past several years. Five mines were in operation, with princi- 
pal output coming from SA Mines d’Ain-Arko and Societe Algerienne 
du Zinc permits near the Moroccan border. 


22 Mining Journal (London). V. 258, No. 6596, Jan. 19, 1962, p. 61. 

39 Metal Industry (London). V. 99, No. 20, Nov. 17, 1961, p. 405. 

21 Enginering and Mining Journal. V. 162, No. 10, October 1961, p. 180. 
32 Mining Magazine (London). V. 106, No. 3, March 1962, p. 135-138. 

£ Mining Journal (London). Annual Review. May 1962, p. 243. 
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Congo, Republic of the.—Prince Leopold copper-zinc mine of Union 
Miniere du Haut Katanga near Elizabethville supplied 1,046,000 tons 
of ore for milling at the Kipushi concentrator to produce 201,810 tons 
of zinc concentrate containing 54.43 percent zinc. A subsidiary of 
the company roasted 125,000 tons of the concentrate, producing sul- 
furic acid and 102,900 tons of roasted calcines. During the year 
115,700 tons of roasted concentrate was sold to Societe Metallurgique 
du Katanga (Metalkat) for reduction to zinc, and 89,000 tons of raw 
and roasted concentrate was delivered forexport. Metalkat produced 
62,798 tons of electrolytic zinc, a record quantity.** 

Rhodesia and Nyasaland, Federation of.—At Broken Hill, Rhodesia 
Broken Hill Development Co., Ltd.,** mined 246,700 tons of ore. The 
heavy-medium separation plant treated 167,600 tons of ore to recover 
115,500 tons of sink product that was part of 171,800 tons of feed for 
the sulfide flotation plant. The flotation plant produced 51,126 tons 
of concentrate containing 55.2 percent zinc. The leach plant treated 
115,700 tons of feed material composed of calcines, flotation plant 
tailings, and zinc silicate ore, averaging 37.7 percent zinc. Leach 
solution and calcined concentrate were processed in the company elec- 
trolytic plant to yield 32,573 tons of slab zinc. An additional 682 tons 
of slab zinc was recovered from 2,600 tons of smelter dross. Construc- 
tion of the new Imperial-type vertical-furnace was virtually com- 
pleted, with operation scheduled for early 1962. Reserves at yearend 
Së 6.2 million tons grading 27.0 percent zinc and 13.7 percent 

ead.” 

South-West Africa.—Tsumeb Corp., Ltd., mined and milled 652,000 
tons of lead-zinc-copper ore averaging 4.35 percent zinc during the 
year ending June 30, 1961. Proven ore reserve above the 30th level 
was 7.4 million tons, averaging 4.33 percent zinc. Underground ex- 
ploration and development below the 30th level is now possible since 
an internal shaft was completed to a depth of 4,269 feet below the 
surface.“ 

OCEANIA 


Autralia.—The Broken Hill district of New South Wales continued 
to be the leading Australian zinc-producing area. Mining companies 
operating were New Broken Hill Consolidated, Ltd.; Consolidated 
Zinc Corp., Ltd.; Broken Hill South, Ltd.; and North Broken Hill 
Ltd. Output from the district was approximately 2,200,000 tons of 
zinc-lead-silver ore, yielding about 460,000 tons of zinc concentrate 
averaging 51 percent zinc. 

During the fiscal year ending June 30, 1961, Mount Isa Mines, Ltd., 
milled 3,227,000 tons of silva fend eine ores from its properties in the 
Conclurry district of Queensland. Production of zinc in concentrate 
amounted to 34,699 tons, an increase of 77 percent." Sinking was in 
progress on a new 3,200-foot-deep, 24-foot-diameter shaft, and design 
work was completed for a new 6,000-ton-per-day flotation mill. The 
Townsville-Mount Isa railway was being rehabilitated by the State 
of Queensland. 


* Union Miniere du Haut Katanga. Annual Report. 1961, 51 pp. 
% The Rhodesia Broken Hill Development Co., Ltd. Annual Report. 1961, 20 pp. 
“Work cited in footnote 35. 
“ Newmount Mining Corp. Annval Repor 1961, p. 6. 
.rlcean Smelting and Refining Company. Annual Report. 1901, pp. 105-16. 
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Lake George Mines, Pty., Ltd., during the fiscal year ended June 30, 
1961, mined and milled 215,000 tons of zinc-lead-copper ore in the 
Captain's Flat district of New South Wales. The ore yielded 32,200 
tons of zinc concentrate averaging 57.25 percent zinc.“ Exploration 
failed to disclose additional ore, and the reserve at year-end was 
estimated to be 370,000 tons. 

For the fiscal year ending June 30, 1961, Electrolytic Zinc Co. of 
Australasia, Ltd., milled a record 247,000 tons of ore from its mines 
in the Read-Rosebery district. Ore averaged 18.47 percent zinc and 
yielded 69,500 tons of zinc concentrate containing 54.37 percent zinc. 
Zinc concentrates from this district and the Broken Hill district were 
treated in the company Risdon electrolytic plant to produce 141,000 
tons of slab zinc, During the year additional zinc making capacity 
was brought into operation, and output for the year was a record 


high.“ 
TECHNOLOGY 


The American Zinc Institute Expanded Research Program spon- 
sored research on numerous projects to increase fundamental knowl- 
edge and promote zinc use. Included in the program were studies to 
improve the zinc lithographic process; to determine the effect of zinc 
galvanizing bath composition on coating properties; to test use of 
galvanized steel reinforcing rods in concrete; and to expand knowl- 
edge on use of zinc oxide in paint, ceramics, glass, and phosphor 
compounds. 

Several papers reported research by the Federal Bureau of Mines * 
and Geological Survey.“ 

A rapid field method for determining zinc in geochemical prospect- 
ing * and an analytical procedure for determining iron in sphaler- 


9 Lake George Mining Corp., Ltd. Annual Report. 1961, 16 pp. 

40 E Z Industries, Ltd. Annual Report. 1961, 24 pp. 

*1 Gajan, R. J., and D. M. Geehan. Rapid Determination of Aluminum, Iron, Copper, 
Cadmium, and Lead in Zinc-Base Alloys. BuMines Rept. of Inv. 5727, 1961, 10 pp. 

Caldwell, H. S. Jr., and M. J. Spendlove. Using Molten Zinc to Extract Aluminum 
From Aluminum-Silicon Alloys. BuMines Rept. of Inv. 5781, 1961, 15 pp. 

Caldwell, H. S. Jr., H. W. St. Clair, J. H. Bilbrey, Jr., and M. J. Spendlove. Gas-Fired 
Vacuum Retort for Distilling Metals. BuMines Rept. of Inv. 5764, 1961, 11 pp. 

Gallagher, A. E. J., W. A. Stickney, J. E. Shelton, and F. W. Wessel. Selective Flota- 
tion of Kine-Grained Lead-Zinc Sulfides From Idaho and Washington. BuMines Rept. of 
Inv. 5765, 1961, 20 pp. 

Sullivan. P. M., and D. H. Chambers. Recovery of Zinc From Dross and Tin From 
Hardhead by Amalgam Electrolysis. BuMines Rept. of Inv. 5827, 1961. 18 pp. 

Dressel, W. M., nnd W. A. Calhoun. Experimental Tertiary Amine Flotation of Zinc 
Silicate (Hemimorphite) From Missouri. BuMines Rept. of Inv. 5554, 1961, 7 pp. 

Stanczyk, Martin H., and Carl Rampacek. Dissolution of Zinc From 5 at Ele- 
vated Temperatures and Pressures. BuMines Rept. of Inv. 5848. 1961, 23 pp. 

Eng, Harvard, and H. Kenworthy. Waterborn Wastes and Water Use by Metal- 
1881 oe Industries in the Missouri Basin, Kansas and Missouri: BuMines Inf. Circ. 8058, 

61, 26 pp. 

Kershner, K. K., and J. G. Donaldson. Chloridizing the Sulfides of Lead, Zinc and 
a iert BuMines Rept. of Inv 5894. 1961, 19 pp. 

tarliper, A. G., H. Kenworthy, and P. T. Goin. Recovery of Germanium, Cadmium, 
and Lead as Sulfides From Zine Concentrates by Batch and Fluid-Solids Roasting. 
BuMines Rept. of Inv. 5891, 1961, 21 pp. 

Kenahan, Charles B., and David Schlain. Effects of Ultrasonics on Electrolytic Deposi- 
tion of Copper and Zinc From Sulfate and Cyanide Electrolytes. BuMines Rept. of Inv. 
5890, 1961. 53 pp. 

43 Kennedy, V. C., and S. W. Hobbs. Geochemical Studies in the Coeur d'Alene District, 
Shoshone County, Idaho. Geol. Survey Bull. 1098- (2), 1961, pp. 1-55. 

King, P. B., H. W. Ferguson, and Warren Hamilton. eology of Northeasternmost 
Tennessee, Prof. paper 311, 1961, 136 PR. 

Brown, C. E., and J. W. Whitlow. eology of the Dubuque South Quadrangle. Geol. 
Survey Bull. 1123—(a), 1961, pp. 1-93. 

Campbell, A. B. Geology and Mineral Deposits of the St. Regis-Superior Area, Mineral 
County, Mont. Geol. Survey Bull. 1082—(1), 1961, pp. 545—612. 

48 Stanton, R. E., and Alison J. McDonald. Application of Automated Analysis to the 
Determination of Zinc, Lead. Molybdenum, and Nickel in Extracts of Soils. Chem. and 
Ind. (London) No. 35, Sept. 2, 1961, p. 1406-1407. 


1356 MINERALS YEARBOOK, 1961 


rite“ were reported. Pend Oreille Mines and Metals company 
reported substituting, at a considerable reduction in cost, long-hole 
drilling for diamond drilling in exploration and development. 

In extractive metallurgy, patents were granted on a method of 
leaching a zinciferous sulfide,** for mineral recovery by solvent extrac- 
tion of the copper-zinc values in an aqueous acidic solution, and for 
electrodepositing zinc from a germanium-contaminated solution.“ 
A Russian development using an aluminum belt for a cathode, with 
continuous removal of the deposited zinc was reported.“ Articles de- 
scribed Belgian experience using the Overpelt-type horizontal retort 
furnace,“ use of oxygen and other operating performance in zinc 
roasters, e and corrosion-resistance tests of materials for containing 
molten zinc.'* 

Four hundred delegates from 20 countries discussed 26 papers on 

alvanizing at an international galvanizing conference.*? spangle- 
ree galvanized sheet with improved paintability was developed,“ 
and adding magnesium to zinc for galvanizing was claimed to improve 
corrosion resistance.* Studies showed that the protection afforded 
columbium by a zinc coating is due to formation of intermetallic com- 
pounds.’ Patents were issued for a zinc dust paint,“ a method to 
produce a pigment,* a zinc electroplating method,“ and a process for 
anodic coating.” 

Articles were published on phase diagrams and properties of two 
zinc alloys® and on intercrystalline corrosion of zinc-aluminum 
alloys.** A patent was granted for use of 6 to 8-percent zinc in a self- 


“Doe, B. R., A. A. Chados, A. W. Rose, and E. Godijn The Determination of Iron 
in Sphalerite by X-Ray Fluorescence Spectrometry. Am. Min. v. 46, September-October 
1961. p. 1046-1063. 

s Forward, Frank Arthur, and Herbert Viltman (assigned to Sheritt Gordon Mines, 
Ltd.). Method for Production of Zinc. U.S. Patent 2,996,440, Ang. 15, 1961. 

* Hazen, Wayne C., and Angus V. Hendrickson (assigned to Kerr-McGee Oil Ind., Ine Y. 
Process for Concentrating Copper and Zinc Values Present in Aqueous Solution. U.S. 
Patent 2,992,894. July 18, 1961. 

U Saubestre, Edward B. (assigned to Sylvania Electric Products, Inc.). Electrodepo- 
sition of Zinc, U.S. Patent 2,975,112, Mnr. 14, 1061 

es Chemical Week, Processes, Continuous Zinc. V. 89, Nov. 11, 1981, p. 73. 

* Morrison, Jim. Improved Design Doubles Output of Horizontal Retort Zinc Furnaces. 
Eng. and Min. J. (London), v. 162, 1961, pp. 74-78. 

v Landucci, L., and F. T. Fuller. Oxygen-Enriched Air in Lead and Zine Smelting. 
J. Metuls, v. 13, Óctober 1961, pp. 739-763. 

Schneider, Ben. The Multiple Hearth Roasting of Sulphides in the Zinc Roasting Plant 
of the Hudson Bay Mining and Smelting Co., Ltd., Flin Flon, Manitoba. Canadian Min. 
and Metal. Bull., v. 54, August 1961, pp. 585-588. 

Engineering and Mining Journal. Ox Ben Boosts Risdon's Zinc Output. V. 162, Sep- 
tember 1961, pp. 106-107. 

9 DeKany, J., H. Lavendel, and L. Burris. The Corrosion of Containment Materials 
by Molten Zinc and Cadmium Alloys. Metal Progress, v. SO, October 1961, p. 252. 

52 Metal Industry. 6th Internat. Galvanizing Conf. June 23, 1961, p. 491. 

33 American Metal Market. Claim Galvanized Paintability Better With New Sheet. V. 65, 
No. 76, Apr. 21, 1961, pp. 1-13. 

* Chemical Engineering. Magnesium in Galvanizing-Zine Improves Corrosion Resistance. 
V. 68, No. 21, Oct. 16, 1961, p. 226. 

55 Metal Progress. Zine Coatings Keep Columbium From Oxidizing at Elevated Tempera- 
tures. V. 80, No. 6, December 1961, pp. 155-159. 

5 Lantz, Willard J., and N. J. Nixon (assigned to American Smelting and Refining Co . 
Low Gassing Zinc Dust Paint. U.S. Patent 2,908,571, v. 782, No. 3, Jan. 17, 1961, p. 553. 

6 Merson, David A., Mill Neck, and Edward J. Dunn, Jr. (assigned to National Lead Co). 
Corrosion-Inhibitive Pigment. U.S. Patent 3,004,857, v. 771, No. 3, Oct. 17, 1961, p. 79 

$5 Safranek, William H., and Hugh R. Miller (assigned to American Zinc Institute). 
Zinc Electroplating. U.S. Patent 3,005,759, v. 771, No. 4, Oct. 24, 1961, p. 1065. 

2 White, Arnold G. (assigned to The Consolidated Mining and Smelting Co.). Anodic 
1 ae Zine and Zinc-Base Alloys. U.S. Patent 3,011,958, v. 773, No. 1, Dee. 5. 
1961. p. 237. 

« Chlotti. P. and K. J. Gill. Phase Diagram and Thermodynamic Properties of the 
Thortum-Zine System. Trans. Metal. Soc. AIME, v. 221, No. 3, June 1961, pp. 573-590 

Kennhack, E. II. Zine-Rieh Corner of the Zn-FeAl System. Trans. Metal. Soc. AIME, 
v. 221, No. 4, August 1961, pp. 775-779. 

ei Roberts, C. W. An Investigation Into the Causes of Intercrvstalline Corrosion in 
Zinc-Aluminum Alloys. Metal. (England) v. 64, No. 382, August 1961, pp. 57-66. 
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aging aluminum-base alloy and for a zinc-base alloy containing 
titanium, copper, chromium, and manganese.® 

An accelerated effort on research and development in using zinc in 
fuel cells was reported.“ Work was continued on a silver-zinc battery 
by the Naval Research Laboratory and others.“ 

A number of patents were issued for preparing and using zinc- 
containing compounds. Research was described on coating Pyrex 
and silica glass with zinc phosphor films.“ 

Basic research results were reported on growth of zinc whiskers,* 
deformation and other physical popa changes in single zinc 
crystals under stress, e use of unit-cell edge measurements to deter- 
mine other minor metal constituents found in solid solution in 
sphalerite“ and wurtzite,” properties of relatively thin zinc films,” 
electroluminescent properties of zinc sulfide-type phosphors,” growth 
of zinc sulfide single crystals, and discovery of a new zinc 
compound.“ 


e Martin. Wayne (assigned to William F. Jobbins, Inc.). Aluminum Base Alloys. U.S. 
Patent 2,993,783, v. 768, No. 4, July 25, 1961. p. 943. 

8 Giuliani, Raymond E. Park Forest. and John D. Scudder (assigned to Hydrometals, 
Inc.). Zine Alloy. U.S. Patent 3,006,758, v. 771, No. 5, Oct. 31, 1961, p. 1381. 

4 Ruth, John P. Exide Hastens Research on Fuel Cells Using Zinc. Am. Metal Market, 
v. 68, No. 167, Aug. 30, 1961, pp. 1-14. 

6 Polagvi, Tivadar Z. Investigation on the Silver-Zinc Storage Battery With Radioactive 
Ag!^ Isotope. J. Electrochem. Soc., v. 108, No. 9, September 1961, pn. 904-006. 

és Tehissa, Sabino, and Arsizio Busto (assigned to Montecatini, Socleta Generale per 
l'Industria Mineraria e Chimica). Process for the Preparation of Crystalline Zinc-Ethyl- 
ene-Bis-Dithiocarbamate and Product Obtained. U.S. Patent 2,995,589 (Italy), v. 769, 
No. 2, Aug. 8, 1961, p. 430. 

Johannsen, Smith Robert (assigned to Chemelex, Inc.). Zine Silicate Sols, Thelr Prepa- 
ration and Use in Making Electrically Conductive Compositions, Films, and Heating Ele- 
ments. U.S. Patent 2,995,529, v. 769, No. 2, Aug. 8, 1961, p. 419. 

Mav. Robert L. and Lee V. Brown (assigned to Sinclair Refining Co.). Manufacture 
1 % Mickel and Zinc Dithiophosphate. U.S. Patent 3,008,900, v. 772, No. 2, Nov. 14, 

51. p. 529. 

Wahlig, Frederick Charles. and Hilmer Ernest Winberg (assigned to E. I. du Pont de 
Nemours & Co.). Inf rared- Sensitive Metal-Activated Zine Silicate Phosphors and Their 
Preparation. U.S. Patent 2,984,627, v. 766. No. 3, May 16, 1961. p. 767. 

Chemical Trade Journal and Chemical Engineer. Zine Oxide-Zine Titanate Pigments. 
British Patent 866.359 (London), v. 149, No. 3879, Oct. 6, 1961. p. 773. 

Lessoff, Howard (assigned to Radio Corp. of America). Method for Preparing Nickel- 
Zine Ferrites. U.S. Patent 3,009,850, v. 772, No. 3, Nov. 21, 1961, p. 823. 

Peyssou, Jean. and Avenir Vassiliev (assigned to Steatite Research Corp.). Process of 
Manufacturing Ternary Ferrites Containing Manganese and Zinc. U.S. Patent 3,007,874, 
v. 772. No. 1. Nov. 7, 1961. p. 219. 

Feldman, Charles (assigned to Davohn Corp.). Method for Making Zine Sulfide Lumi- 
nescent Screens. U.S. Patent 2.996.402. v. 769, No. 3, Aug. 15, 1961, p. 619. 
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Zirconium and Hafnium 


A 


IRCONIUM sponge and ingot were produced at new records 
d in 1961. Imports of zircon were substantially unchanged, but 

domestic production und consumption increased slightly, prin- 
cipally because of greater demand for foundry sand. Hafnium 
production remained constant. 


LEGISLATION AND GOVERNMENT PROGRAMS 


The General Services Administration sold 8,407 tons of zircon 
from the national stockpile during the year. At yearend 16,533 tons 
of baddeleyite, 5,698 tons of zircon, and 1,723 tons of a semifinished 
Sonera containing 26 percent zirconium oxide (ZrO;) remained 
unsold. 


TABLE 1.—Salient zirconium and hafnium statistics in the United States 


1957 1958 1959 1960 1961 
Zircon: 
Production short tons. 1 56, 802 30. 443 (3) (3) ) 
Price: Dec. lll. per short ton.. $55. 00 $41.00 $47. 25 $47.25 7.25 
TM POPS A Belgie short tons. 41, 692 19, 225 54, 878 34, 280 33, 805 
Price: Dec. 31................ per short ton $45.10 $42. 00 $44. 60 $44. 60 $44. 00 
Zirconium sponge: 
Production. 0-22 short tons.. (3) 1, 265 1, 404 1, 423 1, 697 
Price: Dec. 31................... per pound.. $7. 50 $6. 25 $6. 25 $6. 25 $6. 25 
Hafnium: Production................... short tons.. (2) 331 417 553 Ai 
1 Florida only. 


? Data not available. 

3 Includes metal content of oxide. 
Sponge only, estimated. 

! Metal content of oxide produced. 


DOMESTIC PRODUCTION 


E. I. du Pont de Nemours & Co., Inc., Titanium Alloy Manufac- 
turing Division of National Lead Co., and The Florida Minerals 
Co. continued to produce zircon at a rate slightly greater than in 
1960. These companies operated mines in Florida at Trail Ridge, 
South Jacksonville, and Vero Beach, respectively. 


1Commodity specialist, Division of Minerals. 
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Production of zirconium spo amounted to 1,697 short tons, a 
19-percent increase over 1960. This quantity was ee by Reac- 
tive Metals, Inc., Ashtabula, Ohio; Carborundum Metals Co., Park- 
ersburg, W. Va.; Columbia-National Corp., Pensacola, Fla.; and 
Wah hang Corp., Albany, Oreg. About two-thirds of this metal 
was produced under long-term Atomic Energy Commission (AEC) 
purchase contracts, which begin to expire in 1962. 

These zirconium producers also reported production of 111,412 

ounds of hafnium oxide. Wah Chang Corp. and Carborundum 

etals Co. continued to produce hafnium sponge, which was con- 
verted to crystal bar by Foote Mineral Co., Exton, Pa., and Nuclear 
Materials & Equipment Corp., Apollo, Pa. 

Reactive Metals, Inc., Niles, Ohio, took over from Bridgeport Brass 
Co., a facility for producing tubing of various rare metals including 
zirconium. National Distillers & Chemical Corp., parent corporation 
di Reactive Metals, Inc., merged with Bridgeport Brass Co. during 
the year. 

Produción of zirconium ingot reached 2,810,000 pounds, an in- 
crease of 4 percent over 1960. Leading producers were Reactive 
Metals, Inc., Niles, Ohio; Westin house È ectric Corp., Pittsburgh, 
Pa.; and Harvey Aluminum, Inc., Torrance, Calif. 

Melters and fabricators generated 485,000 pounds of scrap and 
drew from inventory to return 517,000 pounds to ingot production. 

Union Carbide Metals Co. produced zirconium ferroalloys, and 
Vanadium Corporation of America poe zirconium-bearing 
Grane! 79. Total production declined 10 percent from the 1960 
volume. 

Temescal Metallurgical Corp. installed a 25-ton electron-beam fur- 
nace at its Berkeley, Calif., plant for producing zirconium and other 
metals in high-purity form. 

A zirconium-2-percent-tin alloy in spherical metal powder particles 
was made available by Linde Co., East Chicago, Ind. 

Output of zirconium oxide, not including that produced as an 
intermediate step in zirconium metal production, totaled 11,463,000 
pounds. Major producers were Norton Co. at Huntsville, Ala., Tita- 
nium Alloy Manufacturing Division of National Lead Co. at Niagara 
Falls, N. V. and Harbison-Carborundum Corp. at Falconer, N.Y. 

The leading producers of a total of 20,737 short tons of zircon and 
zirconia refractories were Corhart Refractories Co., with plants at 
Louisville, Ky., Buckhannon, W. Va., and Corning, N.Y.; Harbison- 
Carborundum Corp.; The Chas. Taylor Sons Co., Cincinnati, Ohio; 
and Walsh Refractories Corp., St. Louis, Mo. Corhart Refractories 
Co. announced its production of cast shapes of a zirconia-alumina- 
silica refractory for use in applications where abrasion resistance 1s 
essential. 

Foote Mineral Co., Carborundum Metals Co., Nuclear Materials 
& Equipment Corp., and Wah Chang Corp. produced 33,555 pounds 
of zirconium powder. Stauffer Chemical do. Kawecki Chemical Co., 
and Titanium, Zirconium Co., with plants at Niagara Falls, N.Y., 
Boyertown, Pa., and omniom N.J., respectively continued to be 
the principal manufacturers of zirconium chemicals. 
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CONSUMPTION AND USES 


Apparent consumption of zircon in the United States was about 
92,100 tons. This quantity was distributed approximately as follows: 


Use: Percent 
Ceramic and foundry zircon 2 58. 0 
CCC! ] ]“' o ia 16. 5 
Chemicals, abrasives, and ceramic compounds 8.5 
Metal and allo oo a eek rotas 11.0 
DA AA 8 6.0 


Consumption of zirconium ingot was 1,938,000 pounds; Reactive 
Metals, Inc., Westinghouse Electric Corp., and J essop Steel Co. were 
major fabricators. 

he newest atomic reactor under construction at Hanford, Wash., 
will use zircaloy process tubes and fuel cladding. 

A new application for zirconium metal is based on its resistance to 
mineral acids in handling pickle liquor in steel plants. 

Several refractory and ceramic uses were developed or expanded 
during 1961. Ipsen Industries, Rockford, Ill., marketed a zirconia- 
hafnia insulating brick of 89 percent porosity, capable of withstand- 
ing 4,200° F temperatures. Zirconium Corp. of America, Solon, 
Ohio, developed a gastight zirconia ceramic body for highly corro- 
sive boiler environments and other zirconia formulations for use at 
critical points of pilot-controlled glide vehicles (Project Dyna-Soar). 
Use of zirconia to resist erosion in magnetohydrodynamic generators 
at 5,0009 F is foreseen. Because of its low coefficient of thermal 
expansion, zirconia was used as a coating for kitchenware subject to 
rapid changes from low to high temperatures. Zircon or zirconia 
may find application as ceramic facing of dies operated up to 4,000° F. 
A mixture of zircon with 35 percent glass was used to protect tung- 
sten wire at 3,000° F. A zirconate and titanate of lead was found 
to have piezoelectric properties and was used in compact weight- 


measuring devices. 
STOCKS 


Dealer stocks of zircon concentrate decreased from 5,805 tons 

1 figure) to 5,426 tons at the end of 1961, and consumer stocks, 

rom 15,807 (revised figure) to 12,337 tons. Total inventory change 

was 3,849 tons. Inventories of zirconium sponge and ingot were 

4,088,000 and 570, 000 pounds, respectively. The four zirconium pro- 

ducers ended the year with a total inventory of 2,131,000 pounds of 
hafnium-free zirconia. 

PRICES 


Prices for major zirconium commodities remained unchanged dur- 
ing the year. omestic zircon sold at $47.25 per short ton, f.o.b. 
Starke, Fla., and imported zircon, at $50 per long ton, c.i.f. Atlantic 
ports. At yearend, Australian zircon was quoted at £15 to £16 15s. 
on the London exchange. 

Reactor-grade zirconium sponge prices averaged about $6.25; prices 
of other forms of the metal and of ferroalloys similarly remained 
unchanged. 
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At the close of the year, E. I. du Pont de Nemours & Co., Inc., 
was negotiating with two small Australian producers, Coffs Harbour 
Rutile N.L. and Peko-Wallsend Investments, Ltd., for delivery of 
30,000 to 50,000 tons of rutile annually. Some uncertainty was evi- 
dent concerning the effect of this action, if concluded, on the quantity 
and price of zircon available. 


FOREIGN TRADE ” 


Imports. Imports of zircon amounted to 33,805 short tons, virtually 
unchanged from 1960. Australian material again dominated the 
market, supplying 92 percent of all imports; the remainder came 
mostly from the Union of South Africa. No N igerian zircon entered 
the United States during 1961. 

The principal port of entry was Philadelphia, which received 
55 percent of the Australian imports. Other Atlantic ports received 
20 percent; Pacific ports, 20 percent; and Gulf ports, 5 percent. A 
trend toward wider geographical distribution among ports of entry 
was evident. 

Less than 1 ton of zirconium metal was imported. 

Exports.— Exports of zircon totaled 1,277 short tons; 618 tons were 
shipped to Canada, 190 tons to Italy, 154 tons to Colombia, and 315 
tons to other countries. Total value of these shipments was $278,244, 
or about $218 per ton. Zircon reexported totaled 473 short tons, all 
shipped to Canada. 


TABLE 2.—U.8. imports for consumption of zircon, by countries 
(Short tons) 


Country 1952-56 1957 1958 1959 1960 1961 
(average) 

Australia !.......... . eee 24, 108 41, 659 19, 175 53, 650 29, 183 31, 225 
Brains A A AAA T 4 
Canada EE 60 laicas 24 2 DEEN 
E A A RA 50 868 S ----- 
Union of South Africa........|.......-..-.]............[-----.-...-. 280 3,133 2. 578 
United Kingdom . 31 4 56 III 
Total: Quantity. ......- 25, 492 41, 692 19, 225 54, 878 34, 280 N. W 
Value 4 $658, 791 | $1, 142, 472 $467, 391 | $1,517, 485 | $1, 233 515 $873, 376 


! Imports from Australia through 1954 were partly in the form of mixed concentrate containing small 
quantities of rutile and ilinenite, 

* Concentrate from Brazil includes some baddeleyite. 

3 Believed to be country of shipment rather than country of origin, 

4 1954 duta known to be not comparable with other years, 


Source: Bureau of the Census. 


Exports of 44 tons of crude metal, alloy, and scrap, principally to 
the United Kingdom, were valued at $442,436. Semifabricated forms 


2 Figures on Imports and exports compiled by Mae B. Price and Elsie D. Jackson, Divi- 
sion of Forelgn Activities, Bureau of Mines, from records of the U.S. Department of Com- 
merce, Bureau of the Census. 
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weighing 45 tons and valued at $1,029,823 were exported, principally 
to the United Kingdom and Canada. 


WORLD REVIEW 


Argentina. A new company, Talamuchita, S.A., was formed to de- 
velop and mine a heavy-sand deposit, recently found on the Rio 
Tercero, Cordoba. 

Australia.—Ilmenite, zircon, rutile, and monazite sands on the 
beaches of Western Australia were mined on a substantial scale by 
Western Titanium, N.L., Ilmenite Pty., Ltd., Cable, Ltd., and West- 
ern Oil, Ltd. The mineral sands extend over a 30-mile length of 
ocean beach south of Bunbury, where the mineral concentrates are 
loaded for export. 

Production of these minerals from the beach deposits of New South 
Wales and Queensland has been concentrated in the hands of about 
seven major producers by purchase and merger. Consolidated Gold 
Fields Pty., Ltd., National Lead Co., and N.S.W. Rutile Mining 
555 Pty., Ltd., appear to have been the major producers at the close 
of 1961. 

France. — The Société Industrielle du Zirconium was formed to pro- 
duce zirconium sponge and ingot. Partners in this company were 
Metallgesellschaft A. G., Deutsche Gold- und-Silber Scheideanstalt, 
Soc. Généralé Montecatini, and Cie. de Produits Chimiques Pechiney. 


TABLE 3.—Free world production of zirconium ores and concentrates by 


countries * 
(Short tons) 
Country 1952-56 1957 1958 1959 1960 1961 
(average) 

Australia 49. 124 99, 188 66,381 | 125,834 | 114,384 | 2 156, 900 
e donero v NUMaN E ENE 1, 799 10, 471 10, (4) 
Iich... 8 13 10 10 $10 210 210 
Malagasy Republic (Madagascar) 1 1 58 50 375 3 220 
Malaya, Federation of.................... 51 6 47 6 28 130 63 * 80 
Nl —-—-—X———— —— 111 1. 080 1. 619 686 
Senegal, Republic of. 222 665 3, 197 7, 606 9, 557 11, 408 3 6, 100 
Union of South Africa....................]-...-.....]---------- L 129 5, 924 7, 366 7, 607 
United Arab Republic (Egypt) 207 45 245 265 408 8 
United States sz 27,740 | ? 56, 802 30, 443 (5 (0) (è 


1 This table incorporates some revisions. 

2 Estimate. 

3 Chiefly baddeleyite. 

4 Data not available. 

5 Average annual production 1955-56, 

€ Exports. 

? Florida only. 

* Figure withheld to avoid disclosing individual company confidential data. 


Compiled by Pearl J. Thompson, Division of Foreign Activities, 


Japan.—Statements in the Japanese press concerning resumption of 
barter arrangements by the United States for Japanese reactor-grade 
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zirconium were apparently unfounded. Japanese zirconium produc- 
tion data were reported as follows: 


Reactor- Commercial 


Year grade, grade, 
short tons short tons 
1957 ei ER 144 Q) 
e dd d 68 (1) 
I 99hſ99mʒu . 35 15 
15 $4 


! Data not available. 


_ Malaya, Federation of.—Japanese interests acquired two proper- 
ties in Trengganu from which ilmenite, monazite, and zircon were to 


be recovered. 
RESERVES 


Examinations and estimates made since 1957 permitted revision 
s the tabulations of domestic and foreign reserves published in 
that year. 

Ba of Mines resource investigations showed that zirconferous 
sandstone was present in New Mexico, Utah, and Wyoming and zir- 
con in placer deposits in Mississippi and Texas. The quantities 
measured are shown in table 4. Deposits of zircon in certain areas 
in Florida and South Carolina, and in Virginia, Washington, and 
several other States had not been quantitatively examined. 

Data for many foreign sources were reexamined; table 5 gives the 
revised figures, as well as additional information developed since 
1957. Deposits of considerable importance were known in Egypt, 
the Republic of Senegal, Western Australia, and the Indian Provinces 
of Bihar and Orissa, but quantitative data were lacking. 


TABLE 4.—Reserves of zircon in the United States, by States 
(Short tons of concentrate) 


State Thousand State Thousand 
short tons short tons 
California. cuisine 1,500 || New Mexico, Utah, Wyoming 200 
FKFIOFld8 A eh esse ded 7,155 || Oregon EE EEN 9n 
RE AT ³ðVUĩ ðͤ 345 || South Carolina 1. 350 
A A A A 82 || Other States K 
Maryland... enee eet 162 
New Jerseyy9yd 1, 520 A cleri ace t eecur 12, 581 


TABLE 5.—Free world reserves of zirconium minerals, by countries 
(Short tons of concentrate) 


Country Thousand Country Thousand 
short tons short tons 
Aüustrallá.. geeiert eer eg GE ee 2, 882 || Union of South Africa.. Kl 
A ß 2,552 || United States 12 58) 
EN EE 1,000 || Other countries 404 
l! ĩͤ K ĩ 3, 360 
!! 23, 343 


! Includes Ivory Coast, Korea, Malagasy Republic, Nigeria, and Uruguay. 
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TECHNOLOGY 


Phosphorite, a colloidally precipitated material containing an 
average of 0.085 percent ZrO, and significant quantities of iron, man- 
ganese, and phosphorus, was shown to exist in large tonnage on the 
continental shelf off both coasts of the United States.“ 

The mineral dressing processes and equipment used at various black- 
sand deposits in Western Australia were described.‘ 

The GS. Industrial Chemicals Co., a division of National Distill- 
ers & Chemical Corp., in April announced the further development 
of a process for zirconium-hafnium separation.’ This process, devel- 
oped in Australia,* depends on a series of oxidation-reduction reac- 
tions and fractionation of the chloride products. 

Research by the Bureau of Mines showed that ductile hafnium 
could be obtained consistently by reduction with a blend of magnesium 
and sodium.’ 

General Electric Co., using powder metallurgy techniques, made 
compacts of zircaloy-2 showing no porosity under the microscope.’ 

A thorough analysis of the mechanism by which zirconium ignites 
showed pressure and concentration of oxygen to be critical.“ 

The feasibility of electrorefining off-grade zirconium and hafnium 
was demonstrated; metals of Brinnell hardness number 90 and about 
140, respectively, were recovered.!? 

The inary constitution diagrams for zirconium and platinum * 
and for hafnium and molybdenum *? were described, the latter dia- 
gram for the first time. In addition, results of many other investi- 
gations of phase diagrams, physical properties, and uses of zirconium 
and hafnium alloys were reported. 

Further analysis of the economics of zirconium compared with 
stainless steel for nuclear reactors was reported. Principles on which 
to base a choice were outlined.” 

Research at the U.S. Naval Ordnance Station, China Lake, Calif., 
led to synthesis of metal-containing resins.'* Surfaces requiring pro- 
tection against heat were coated with the resins that upon exposure 
to temperature broke down to the highly refractory carbides. 


1981 Lo. done L. Sea Floor Phosphorite. Miner, Inf. Service, v. 14, No. 11, November 
, pp. 1-11. 
4 Mining Journal (London), v. 256, No. 6546, Feb. 3, 1961, pp. 118-119. 

5 Chemical & Engineering News, v. 39, No. 14, Apr. 3, 1961, pp. 71-72. 

* Wessel, F. W. Zirconium and Hafuium. BuMines Minerals Yearbook, v. 1, 1957, p. 


1330. 

1 Richardson, D. W. Production of Bimetal-Reduced Hafnium. BuMines Rept. of Inv. 
5734, 1961, p. 21. 

8 Metal Progress, v. 80, No. 1, July 1961. p. 8. 

* Littman, F. E., F. M. Church, and E. M. Kinderman. The Spontaneous Ignition of 
Zirconium. J. Less-Common Metals, v. 3, No. 5, October 1961, pp. 379—397. 

10 Baker, D. H., Jr., J. R. Nettle, and H. Knudsen. Electrorefining Zirconium. BuMines 
Rept. of Inv. 5758, 1961, 12 pp. 

Nettle, J. R., J. M. Hiegel, and D. H. Baker, Jr. Hafnium Electrorefining. BuMines 
Rept. of Inv. 5851, 1961, 18 pp. 

1 Kendall, E. G., C. Hays, and R. E. Swift. The Zirconium-Platinum Alloy System. 
AIME Met. Soc. Trans., v. 221, No. 3, June 1961, p. 445. 

12 Taylor, A., N. J. Doyle, and B. J. Kagle. The Constitution Diagram of the Molyb- 
onu apium Binary System. J. Less-Common Metals, v. 3, No. 4, August 1901, pp. 

625-280. 

13 Baroch, Charles J. Stainless Steel and Zirconium. Mines Mag., v. 51, No. 2, Febru- 
ary 1961, pp. 17-22. 

14 Chemical Engineering, v. 60, No. 4, Feb. 20, 1961, p. 80. 
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CESIUM AND RUBIDIUM * 


RODUCTION of cesium in the United States increased several- 
fold in 1961, whereas output in rubidium declined. Imports of 
pollucite increased again; virtually all of the imports came from 


ca. 

Legislation and Government Programs.—The Office of Emergency 
Planning considered stockpiling cesium metal or compounds. 

Domestic Production.—No cesium or rubidium ores were produced do- 
mestically in 1961; however, Leprechaun Mining & Chemical Co. 
reportedly was developing a lithium-cesium-rubidium saline deposit 
in Esmeralda County, Nev. American Potash & Chemical Corp., 
Trona, Calif.; and Penn Rare Metals, Inc., Revere, Pa., were the 
major producers of a total of 208 pounds of cesium metal; The Dow 
Chemical Co., at Midland, Mich.; and Fairmount Chemical Co., Inc. 
Newark, N.J., were minor producers. Rubidium production decline 
about 20 percent from 1960; American Potash & Chemical Corp. and 
Penn Rare Metals, Inc., were the only producers. These two com- 
panies and Dow Chemical produced 12,157 pounds of cesium and 
rubidium compounds, slightly more than a 100-percent increase from 
1960. The principal compounds produced were cesium carbonate, 
halides, nitrate, and hydroxide; cesium and rubidium alums; and 
rubidium carbonate. 

Kawecki Chemical Co. in 1960 purchased a 50-percent interest in 
Penn Rare Metals, and not, as reported in the 1960 Yearbook, the 
entire company. 


1 3 specialist, Division of Minerals. 
2 Prepared by F. W. Wessel. 
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Consumption and Uses.—Increased research, development, and testing 
activities consumed substantial quantities of cesium and rubidium in 
1961. 

A major item was the ion propulsion engine. In this device, cesium 
is vaporized and passed through a heated porous tungsten disc. 
Cesium atoms lose an electron to the tungsten; the cesium, now with 
a positive charge, is accelerated tremendously by an electrical field. 
Thrust is developed by exhausting the stream of ions through a nozzle. 
The engine is intended for use outside the earth’s atmosphere. Hughes 
Aircraft Co., Malibu, Calif.; National Research Corp., Cambridge, 
Mass.; Radio Corporation of America; and North American Aviation, 
Inc., Canoga Park, Calif., were working on various components of 
the system. 

Of equal importance were developments on the plasma thermionic 
converter. One such device, developed by General Electric Co., will 
transform the heat of a nuclear reactor core directly into electricity 
by application of the thermocouple pon Cesium vapor forms 
the anode against a uranium-bearing cathode 

The Research Projects Division, National Aeronautics and Space 
Administration (NASA), Huntsville, Ala., late in 1961 estimated 
that the ion propulsion engine and the thermionic converter programs 
would require a total of 600 pounds of cesium in 1962, and that the 
demand would reach 2,000 pounds between 1965 and 1970. 

Royal Industries, Los Angeles, Calif., contracted with the Atomic 
Energy Commission to make a long-lived, compact 5-watt nuclear 
powerpack, using cesium 137 as a heat source. Cesium 137 also was 
reported to be superior to cobalt 60 for cancer therapy.* 

A 5 lamp with a ceramic bulb was reportedly under de- 
velopment at the Cleveland, Ohio, plant of General Electric Co. 

elding electrodes coated with rubidium and cesium compounds 
were used in a welding technique developed by Air Reduction Sales 
Co. and x s to steel down to 0.062 inches thick. 

Various devices based on optically pumped resonance systems and 
using rubidium vapor were developed and marketed by Varian Associ- 
e 3 Alto, Calif., Space Technology Laboratories, Inc., and 


Stocks.— Consumers and dealers held a yearend inventory of 30, 700 
pounds of pollucite, an increase of about 10,000 pounds. (A large 
stockpile of South Dakota pollucite held b aywood Chemical 
Division of Stepan Chemical Co., at Maywood, N.J., is not included.) 
Producers’ yearend stocks of cesium and rubidium metal were 229 
pounds and less than 100 pounds, respectively. 

Prices and Specifications The Dow Chemical Co. offered high-purity 
cesium metal containing 36 p.p.m. oxygen; 29 p.p.m. silicon; a maxi- 
mum of 16 p.p.m. each of sodium, potassium, rubidium, and boron; 10 
p.p.m. calcium; and lesser amounts of other impurities. This metal 
was priced at $325 115 pound in 5-pound lots. 

Kawecki Chemical Co., marketing cesium for Penn Rare Metals, 
Inc., similarly offered cesium of 99.9 percent purity at $375 per pound 


2 Chemical Week, e 89, No. 22, Dec. 2, 1961, pp. 57-58. 
$ Science News Letter, v. 79, No. 5, Feb. 4, 1951, p. 70. 
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for lots of 1 to 9 pounds, scaling down to $125 per pound in lots of 
1,000 Deier or more. A 99.5 percent metal was offered at $300 and 
$100 for similar quantities. 

MSA Research Corp., Callery, Pa., offered for sale, packaged in 
glass ampoules, cesium (99.9 percent) at $1.50 per gram, cesium (99.5 
percent) at $1.25 per gram, and rubidium (99.0 percent) of $1 per 
gram, each in 50-gram lots. This company and Fairmount Chemical 

„also marketed various chemically pure cesium and rubidium salts. 

World Review.—Canada.—Chemalloy Minerals, Ltd., suspended op- 
erations at its lithium-cesium operation at Bernic Lake, Manitoba, 
early in 1961, later announcing a reserve of 300,000 tons of pollucite at 
about 25 percent cesium content. 

Mozambique.—Metallium Corp., New York, N.Y., examined pegma- 
tite deposits in Mozambique, and reported the existence of potentially 
commercial quantities of pollucite in waste dumps from beryl-tantalite 
operations. Six tons of pollucite was produced during the year. 

Technology.—A brief survey of pollucite deposits in Canada was pub- 
lished,* mentioning, in addition to the Montgary pegmatite, a small 
reserve at the Valor Mine at Lac Lacorne, Quebec. A field test for 
cesium, based on its reaction with potassium bismuth iodide, was 
described.* A detailed geological description of the pegmatite deposits 
at Kings Mountain, N.C., which included an estimate of the lithium 
ore reserve, showed the presence of a biotite schist containing 1.85 
percent Rb,O and 0.47 percent Cs¿O.” 

At Huntsville, Ala., NASA continued to develop ion props 
engines, using cesium as a propellant. Of interest to workers in the 
ion propulsion field was a report of studies of the mechanism by which 
cesium is ionized by diffusion through porous tungsten. A history 
and description of the thermionic converter included a forecast of its 
ponb use as a silent portable power source for military purposes.’ 

esearch on thermionic conversion, using cesium vapor as one element 
of the couple, continued at the Los Alamos National Laboratory, Los 
Alamos, N. Mex. General Electric Co. reported efficiencies of 15 to 17 
percent in a new model thermionic cesium-vapor converter operated 
at 1,530° C. General Atomics Division of General Dynamics Corp. 
began research in its San Diego laboratories, in which a similar con- 
verter will be used to obtain very high frequency electric current from 
a heat source. 

The Army Signal Corps experimented with the use of cesium or a 
compound thereof to form a reflector in the atmosphere from which 
to reflect radar or microwave signals. Production of rubidium metal 
by reducing the iodide with calcium was described briefly. 0 


* Mulligan, R. Pollucite in Canada. Min. J. (London), v. 265, No. 6562, May 26, 1961, 


* Hosking, K. F. G. The Identification of Pollucite. Min. J. (London), v. 104, No. 5, 
May 1961, pp. 280-282. 
N Kesler, Thomas L. Exploration of the Kings Mountain Pegmatites. Min. Eng., v. 13, 
o. 9, September 1961, pp. 1063-1068. 
Th Stavisakii, Y. T., and S. Y. Lebedev. Surface Ionisation of Cesium Upon Diffusion 
rough Porous Tungsten. Zhur. Tekh. Fiz.. v. 80. No. 10, pp. 1222-1226. 
1951 pp. 14 E T. Thermionic Power Becomes of Age. Signal, v. 16, No. 2, October 
x M neazin, T. A. The Production of Metallic Rubidium from Rubidium Iodide. Thur. 
eorg. Khim., y. 2, No. 5, 1957, pp. 995-996. 
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The effect of rubidium in increasing the durability of lime and 
borate glasses was described; rubidium content in the range of 35 to 
40 pecent gave very good resistance to atmospheric conditions, 


GALLIUM ** 


Domestic Production.— Aluminum Company of America, Bauxite, 
Ark., produced gallium metal, and The Eagle-Picher Co., at its Miami 
plant near Quapaw, Okla., produced gallium metal, gallium sesqui- 
oxide, and gallium arsenide. Production and shipments of gallium 
metal were the largest ever reported. 

Uses.— Principal uses were small-scale applications such as a sealant 
for glass joints and vacuum equipment valves, as a backing material for 
optical mirrors, and in thermometers and low-melting alloys. New 
uses were being studied in intermetallic compounds for semiconductor 
applications in solar batteries, high-temperature rectifiers and tran- 
sistors, infrared optics, and devices utilizing photovoltaic effect. 

Prices.—Market prices for standard, intermediate, and high-purity 
gallium from bauxite sources were as follows: 


Quantity 99. 99 percent | 99. 999 percent | 09. 9999 p. nt 
Up to 100 AM dee Ze $1.85 $2.13 $2 FS 
hh ⁰³⁰˙iw˙ E 1.60 ]. 55 2 70 
er 1. 45 1. 70 225 


Technology.—A selective bibliography!“ and a comprehensive re- 
port'* on gallium were published. Factors which control the im- 
purity segregation in gallium were studied.“ A procedure was devel- 
oped for the production of large multicrystalline ingots of gallium 
phosphide.!“ A technique that permits the reproducible production 
of a specific crystal habit in the gallium arsenide system was 
reported. 


GERMANIUM ”* 


Germanium production and consumption decreased. Although the 
electronic industry expanded, refinements in processing caused a drop 
in the quantity of germanium used in individual devices. 


Domestic Production.—Production of germanium from primary ores 
and concentrates was estimated to be 40,000 pounds. Some of the 
raw germanium concentrate processed in the United States was de- 
rived from base-metal mines in South-West Africa. Germanium re- 
covered from scrap metal sources augmented the supply. 


n Simpson, H. E. Rubidium in Lime and Borate Glasses. Glass Industry, v. 42, No. 
4, April 1961, pp. 189-193, 222-223. 

13 Prepared by Donald E. Ellertsen. 

13 U.S. Department of Commerce, Office of Technical Services. OTS Selective Bib11- 
ography, Antimony, Bismuth, Gallium, Indium, Selenium, and Tellurium (1950—October 
1960). SB-438, September 1960, 16 pp. 

1 Thompson, A. P. Galium. Ch. in Rare Metals Handbook. Reinhold Pub. Corp. 
New York, N.Y., 1981. 2d ed., pp. 178-187. 

35 Weisberg. Leonard R., and P. R. Celmer. Dependence of Segregation of Impurities on 
the SE of Gallium. Trans. Met. Soc. AIME, v. 221, No. 4, August 1961, p. 889. 

1* Frosch, C. J., and L. Derick. The Preparation of Floating Zone Processing of Gallium 
Phosphide. J. Electrochem. Soc.. v. 108. No. 3, March 1961, pp. 251-257. 

Y McAleer, W. J., H. R. Barkemeyer, and P. I. Pollak. Vapor Phase Growth of Gallium 
Arsenide Crystals. J. Electrochem. Soc., v. 108, No. 12, December 1961, pp. 1185-1169. 

18 Prepared by John E. Shelton. 
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Germanium was produced as a byproduct from domestic zinc ores 
by The Eagle-Picher Co., Miami, Okla.; and American Zinc Co., 

airmont, III. The other producers, American Metal Climax, Inc., 
Carteret, N. J.; and Sylvania Electric Products, Inc., Towanda, Pa., 
relied upon foreign sources of supply. In addition, all the companies 
recovered germanium from scrap metal. Each company produced 
germanium dioxide and several electronic grades of single-crystal 
and polycrystalline germanium. 

Consumption and Uses.—The primary use of germanium was in the 
electronic industry. The production of transistors, diodes, and recti- 
fiers increased, but the quantity of germanium used to manufacture 
these devices declined. Refinements of manufacturing techniques re- 
sulted in reduction of losses and rejects during the assembly of semi- 
conductors. Germanium also was used as a color modifier 1n fluores- 
cent lights. 

Prices.—The quoted price for germanium was unchanged for the sec- 
ond consecutive year. Price quotations in American Metal Market, 
based on quantity purchased, were as follows: 


Price 
Grade: (Cents per gram) 
r ß e 28.15-35.15 
Intrinsic Quality eet Eege is 29.95-30.95 
Single Crystal. 2. ⁰o·’iwͥꝗꝗwqqſſſſſſ E eC cc EIE Ed 60.50-68.50 
Dioxide, den ot et eee be eke 16.75-21.75 


Foreign Trade.—Imports of germanium metal and germanium diox- 
ide totaled 30,748 pounds valued at almost $2 million. Of the total 
imported, 21,935 pounds came from Belgium, 8,697 pounds from West 
Germany, 110 pounds from Austria, and the remaining 6 pounds from 
the United Kingdom and Italy. In addition, a significant quantity 
of germanium-bearing concentrate was imported from South-West 
Africa for refining. 

World Review.—Belgium.—Germanium concentrates from the Re- 

ublic of the Congo and South-West Africa were refined at Société 
Générale Métallurgique de Hoboken and the Société Vieille-Montagne 
at Balen. 

Japan.—Production of germanium was 53,300 pounds in 1961, com- 
pared with 48,800 pounds in 1960. Consumption was estimated at 
80,000 pounds. 

South-West Africa.—Operations began in 1961 at a metallurgical 
a with a capacity of 10,000 pounds of semirefined germanium 

ioxide. The concentrate was shipped to the United States for refin- 
ing. Production of germanium was about 31,000 pounds of contained 
germanium in concentrate; approximately 11,000 pounds of this quan- 
tity was refined to germanium oxide at the plant, and the balance was 
exported for refining. 

Technology.—Exploration by private companies and individuals re- 
vealed occurrences of germanium in New Mexico, California, and 
Montana. Investigations showed that germanium is present in some 
copper sulfide minerals.? Some samples of bornite and enargite were 


Fleischer, Michael. Germanium Content of Enargite and Other Copper Sulfide Min- 
erals. U.S. Geol. Survey Prof. Paper 424-B, 1961, pp. 269-261. 
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reported to contain over 1,000 p.p.m. of germanium. Research by the 
Federal Bureau of Mines resulted in a process for recovering germa- 
nium from zinc concentrate by roasting.” Volatilization studies 
showed that over 90 percent of the germanium could be recovered by 
roasting zinc concentrate in stationary or fluid beds. The volatilized 
fractions contained germanium, cadmium, and lead. The heat content 
and entropies of germanium and germanium dioxide were reported.” 

Research by industry was directed mainly toward the application 
of germanium in electronics and improving the performance of semi- 
conductors. A germanium information center was established at the 
Midwest Research Institute, Kansas City, Mo., by the germanium 
producers. The center will collect information relating to all phases 


of the industry. 
INDIUM * 


Domestic Production.—A merican Smelting and Refining Co., at Perth 
SC N.J., was the only domestic producer of indium in 1961. This 
firm also produced some indium chloride. Production and shipments 
of indium continued at a high level. 

Uses.—Largest uses for indium were in electronic devices, bearings, 
and low-melting alloys. Indium arsenide, indium phosphide, and in- 
dium antimonide were of interest for electronic applications. Infrared 
detectors and magnetoresistors containing indium antimonide were 
available. 

Prices.—Prices quoted for indium metal were: $2.25 per troy ounce 
up to 100 troy ounces; $1.80 per troy ounce in 100-troy-ounce lots: 
$1.70 per troy ounce in 1,000-troy-ounce lots, and $1.60 per troy ounce 
for 5,000-troy-ounce lots. 

Technology.—A selective bibliography “ and a comprehensive report 
on indium were published. 

The Office of Naval Research, U.S. Navy, sponsored research on the 
thermal properties on indium.’ 

The production of indium-antimonide p-n junctions, grown by dop- 
ing very pure n-type melts with zinc, and the properties of these 
junctions were discussed.” 

A process for preparing indium phosphide by reacting phosphine 
with an organic indium compound at temperatures under 300? C. was 
patented.? 

The phase diagram for indium-tellurium was studied and corrected, 
especially in the region near In: Tes.“ 

© Starliper, A. G., H. Kenworthy, and P. T. Goin. Recovery of Germanium, Cadmium. 


and Lead as Sulfides from Zine Concentrates by Batch and Fluid-Solids Roasting. BuMines 
Rept. of Inv. 5591, 1961, 21 PP; 

2 Kelley, K. K., and A. U. Christensen. High-Temperature Heat Content and Entroptes 
of Crystalline and Glassy Germanium Dioxide. BuMines Rept. of Inv. 5710, 1961, 5 pp. 

33 Prepared by Donald E. Eilertsen. 

33 Work cited in footnote 13. 

* Mills, J. R., R. A. King, and C. E. T. White. Indium. Ch. in Rare Metals Handbook. 
Reinhold Pub. Corp., New York, N.Y., 1961, 2d ed. pp. 220-238. 

æ Knznoff, Alexis I., Raymond L. Orr, and Ralph Hultgren. Thermal Properties af 
Indium. Univ. of Calif., Berkeley, Calif., Second Tech. Rept. Contract Nonr-222 (65). 
series 155, No. 2, Apr. 1, 1961, 83 pp. 

æ% Gorton, H. C., A. R. Zacaroli, F. J. Reid, and C. S. Peet. (Battelle Memorial Institute. 
Columbus, Ohio). Preparation and Properties of Grown P-N Junctions of InSb. J. Elec 
trochem. Soc., v. 108, No. 4, April 1961, pp. 354-356. 

7 Didchenko, Rostislav (assigned to Union Carbide Corp., New York, N. T.). Prepara- 
tion of Indium Phosphide. U.S. Pat. 3,010,792, Nov. 28, 1961. 

23 Crochowskl, E. G., and D. R. Mason. Phase Diagram for the Binary System Iadium- 
Tellurium. J. Electrochem. Boc., v. 108, No. 3, March 1961, p. 61C. 
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RADIUM ” 


Domestic radium consumption decreased considerably in 1961, and 
the quantity of radium and radium salts imported was about 45 per- 
ent lees than in 1960. 

Domestic Production.—There was very little domestic production 
of radium in 1961, all from rich sludges, solutions, and scrap. Re- 
quirements for the element and its salts were met primarily by im- 
ports. Principal domestic distributors for radium, its derivatives, and 
related compounds were Radium Chemical Co., Inc., New York, N.Y., 
and Canadian Radium and Uranium Division of Canrad Precision In- 
dustries, Inc., New York, N.Y. Other firms in the radium industry 
were United States Radium Corp., Morristown, N.J., and A. Bruce 
Edwards, Philadelphia, Pa. Radium Chemical Co., Inc., was sales 
representative for Union Miniére du Haut-Katanga, the world’s 
leading radium producer, and A. Bruce Edwards was sales representa- 
tive for the Atomic Energy of Canada, Ltd. 

Consumption and Uses.—Radium and radium salts were used by the 
medical profession and in industry. 

The radioactive emissive properties of radium led to its use in tele- 
curitherapy, industrial nondestructive testing, self-activated luminous 
paint, radium-beryllium neutron sources, and radium foil used as an 
lonizing agent and in static-elimination equipment. 

Prices.— ughout 1961, the price of i res was quoted by E&MJ 
Metal and Mineral Markets at $16 to $21.50 per milligram of radium 
content, depending on quantity. 

Foreign Trade.—Radium and radium salts were imported from Bel- 

ium, the United Kingdom, and Canada. Union Miniére du Haut- 

atanga, of Belgium, processed Republic of the Congo ores and slimes. 
Export sales of radium and radium compounds were made to Japan, 
the Republic of Korea, West Germany, and Central and South Ameri- 
can countries. 

Technology.—Àn informative article on radium in general, and on 
its occurrence and recovery in Canada in particular, was published.“ 


TABLE 1.—U.8. imports for consumption of radium salts and radioactive substitutes 


Radium salts Radioactive 
f . Ema substitutes 
Year value ! 
Milligrams Value (thousands) 
(thousands) 

1952-56 (average 85, 082 $1, 363 3 $222 
y AA A A 8 76, 206 1,061 844 
Meder 8 38, 419 538 908 
A A c HEP 32, 967 518 1,145 
LEE 23, 333 364 1, 394 
e A A A 8 12, 947 185 1, 509 


1 Includes artificial radioactive isotopes that are not substitutes for radium. 
2 Owing to changed tabulating procedures by the Bureau of the Census, data known not to be compara- 
ble with other years. 


Source: Bureau of the Census. 


2 Prepared by Don H. Baker, Jr. 
20 Sanderson, L. Radium. Canadian Min. J., v. 82, No. 12, December 1961, pp. 57-58. 
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RHENIUM ” 


Domestic Production.—Chase Brass & Copper Co., Inc., Waterbury, 
Conn. (a subsidiary of Kennecott Copper Corp.) and the Department 
of Chemistry, University of Tennessee, Knoxville, Tenn., were the 
only domestic producers of rhenium in 1961. Production and stocks 
of contained rhenium in metal, alloys, and compounds were the largest 
ever reported. 

Uses.—Uses developed for rhenium included applications in elec- 
tronics, electromagnets and electrical contacts, ERROU IE filler 
rod for welding molybdenum and tungsten, and nuclear energy. 
Rhenium-tungsten alloy wire was used for igniters in photo flashbulbs. 

Prices.—Chase Brass & Copper Co., Inc., quoted the following prices 
for various materials, minimum order $50: Ammonium perrhenate, 
$425 a pound up to 5 pounds, and $400 a pound for larger quantities: 
55 perrhenate, $395 a pound up to 5 pounds, and $370 a pound 

or larger quantities; first-grade rhenium powder, $650 a pound up to 
1 pound, and decreasing prices to $580 a pound for lots of 20 or more 
pounds; rhenium sintered bar (melting stock), $800 a pound up to 1 
pound and decreasing prices to $750 a pound for lots of 5 or 
more pounds. Also available were rhenium strip and wire, molyb- 
denum-rhenium alloy rod and wire (50 percent Mo-50 percent Re and 
60 percent Mo-40 percent Re by weight), molybdenum-rhenium alloy 
sheet, and tungsten-rhenium alloy sheet, rod, and wire. 

Technology.—The Federal Bureau of Mines continued its research on 
rhenium sources and rhenium extraction. Studies on recovering 
rhenium from molybdenite roaster dusts and fumes were underway. 
The feasibility of extracting rhenium directly from molybdenite con- 
centrate also was investigated. Patents were sought for a method de- 
veloped to recover rhenium by solvent extraction and also for a process 
developed to recover rhenium by electrodeposition. A modification 
of a procedure was developed to detect as little as 0.1 part of rheni- 
um per million and measure 1 part of rhenium per million in siliceous 
and calcareous ores, molybdenite concentrate, fumes, flue dusts, and 
other metallurgical products; the method consisted of colorimetric 
analysis using a F 

A constitution diagram for columbium-rhenium and a comprehen- 
sive chapter“ on rhenium were published. A patent relating to the 
production of high-purity rhenium was issued.“ 


* Prepared by Donald E. Ellertsen. 

2 Peterson, H. E., J. S. MacDuff, and M. W. Hovey. Isolation and Colorimetric Deter- 
mination of Rhenium. BuMines Rept. of Inv. 5889, 1961, 32 bp; 

53 Giessen. Bill C., Rolf Nordheim, and Nicholas J. Grant. he Constitution Diagram 
Niobium (Columblum-Khenlum. Trans. Met. Soc. AIME, V. 221, No. 5, October 1461, 


pp. 1009-1013. 
* Melaven, A. D. Rhenium. Ch. in Rare Metals Handbook. Reinhold Pub. Corp.. 2d 


ed., pp. 418-433. 
35 Zimmerley, Stuart R., Emil E. Malouf, and John D Prater (assigned to Kennecott 


Ge Me wr New York, N.Y.). Process for Production of Ultra-High Purity Rhenium. 
U.S. Pat. 2,972,531, Feb. 21, 1961. 
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SCANDIUM * 


Domestic Production.—Scandium oxide became available from ura- 
nium mill waste liquors. The few pounds of scandium metal produced 
used Australian scandium oxide derived from such a source. 

American Scandium Corp., Cincinnati, Ohio, and Research Chemi- 
cals Division, Nuclear Corporation of America, Phoenix, Ariz., con- 
tinued as producers of scandium metal; Michigan Chemical Corp. and 
Vitro Chemical Co. were able to supply high-purity scandium oxide. 
However, sales of these materials were limited. 

Uses.—The scandium 46 radioisotope has been used as a tracer in 
analytical work and in oil-well drilling. Water-soluble salts of scan- 
dium and some other elements can be used, when subjected to neutron 
bombardment, to determine the underground flow of liquids. Tech- 
nical articles appearing in 1961 indicated that metallurgical research 
on scandium had shown it to have some useful alloying characteristics. 
Reduced cost of the oxide might encourage the use of the metal for 
certain unusual applications. 

Prices.—Scandium 46 was reduced from $3.00 to $0.20 per millicurie, 
according to information received from the AEC. Scandium oxide, 
available in 99- to 99.9-percent grades, sold for $5.50 to about $9.00 
"na gram, depending upon purity of the material and lot size. Scan- 

jum metal prices were reported to be somewhat lower than those of 
the preceding year. Prices for the metal and for pound lots of the 
oxide were available upon request to the producers. 

World Review.—Australia.—It was reported that a multipound lot 
of scandium oxide, extracted from uranium mill waste liquors, had 
been sold to a United States company at a price considerably below 
that for domestic material for conversion to metal. 

Technology.—Sublimed, calcium-reduced scandium metal was found 
to have properties similar to those of yttrium.” Scandium added to 
titanium almost doubled its hardness at room temperature, and 
increased its oxidation resistance. Scandium metal was also studied 
in the U.S.S.R.* Russian scientists reported that scandium of 96 
percent purity added to metallic titanium showed eutectic crystalliza- 
tion at 1,440° C. and formed solid solutions but no metallic com- 

ounds.^ Thermal analysis, electrical resistivity, and X-ray 

iffraction studies of scandium metal were conducted to determine its 
alloying behavior with plutonium.* Certain ternary zirconium 
alloys containing scandium were said to be superior to those contain- 


æ Prepared by John G. Parker. 

* Armstrong, Frederick E. (assigned to the U.S. Department of the Interior). Method 
of Tracing the Flow of Liquids by Use of Post Radioactivation of Tracer Substances: U.S. 
Pat. 3,002,091, Sept. 26, 1961. 

33 Gelselman, Doyle. The Metallurgy of Scandium. Wright Aeronautical Systems Di- 
vision, WADD Technical Report 60-894, August 1961, 54 pp. 

æ Spitsyn, V. I, L. N. Komissarova, and A. A. Men'kov. (Properties of Scandium). 
Doklady Akad. nauk S.S.S.R., v. 139, No. 4, Aug. 1, 1961, pp. 903-906; Current Rev. of 
the Soviet Tech. Press, Nov. 24, 1961, p. 3 (584). 

4 Savitskil, Ye. M., and G. S. Burkhanov. (Phase Diagram of Alloys of the System 
Titanium-Scandium). Zhur. Neorg. Khim., v. 6, No. 5, 1961, pp. 1253-1255. 

11 Mardon, P. G., J. L. Nichols, J. H. Pearce, and D. M. Poole. Some Properties of Scan- 
dium Metal. Nature (London), v. 189, Feb. 18, 1961, pp. 566-568. 
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ing yttrium and had relatively long lifetimes in high-temperature 
water and steam.*? 

Cooperative research by industry and government was conducted 
on the extraction of scandium from uranium mill waste solutions." 
The Federal Bureau of Mines also considered other economical, by- 

roduct sources of the metal. (See Review of Metallurgical 
echnology chapter). 

Sensitive quantitative determinations depended upon the fluorescent 
reactions of various dyes with scandium in the presence of thorium at 
different pH values.“ Direct determination, without preliminary 
separations, of scandium in ores, process materials, and rare-earth 
mixtures by X-ray spectrographic techniques used vanadium pentox- 
ide as an internal standard.“ Scandium was determined by activa- 
tion analysis simultaneously with dysprosium in rare-earth-rich 
ores, soil, yttrium oxide, and dilute solutions.** Sensitivity limits ex- 
tend down to a few parts per million of each element. Scandium was 
extracted and determined by gravimetric techniques.“ 

A separatory technique using a water-immiscible alkyl phosphate 
medium to extract scandium from an aqueous nitric acid solution was 
disclosed. Scandium was separated from cerium subgroup rare- 
earth elements by precipitation with p-halogen-mandelic acids and ex- 
traction as halogen mandelates by immiscible organic solvents or 
isoamyl alcohol.“ Other research included an investigation of the 
electrode properties of ion-exchange membrane saturated with scan- 
dium ions and the degree of reversibility of the electrode with respect 
to scandium ions.” 

X-ray diffraction data on scandium hydride prepared at the Los 
Alamos Scientific Laboratory late in 1960 revealed that the material 
has a face-centered cubic structure and a theoretical density of 2.581 
g. / ems. 1 Specific heat measurements were made at low temperatures 
on scandium.*? 


aa Misch. R. D., and C. VanDrunen. Corrosion Studies of Ternary Zirconium Alloys tn 
High-Temperature Water and Steam. ANL-0370, July 1961, 37 p.; Nuclear Scl. Abs., v. 
15, No. 24A, Dec. 31, 1961, p. 4190. 

“Lash, L. D., and J. R. Ross. Scandium Recovery from Uranium Solutions. J. Metals. 
v. 13, No. 8, August 1961, pp. 555-558. 

* Korenman, I. M., and G. P. Starostin. (Fluorescent Reactions with Scandium.) 
Izvestiln vysshíkh uchebuykh zavedenil. Khimlia 1 khimicheskala tekhnologila., v. 4, No. 4, 
1961, pp. 561-564; Current Rev. of the Soviet Tech. Press, Nov. 24, 1961, p. 1 (582). 

$5 Heidel, Robert H., and Velmer A. Fassel. Fluorescent X-ray Spectrometric Deter- 
mination of Scandium in Ores and Related Materials. Anal. Chem., v. 33, No. 7, June 
1961, pp. 913-916. 

* Oknda, Minoru. Rapid Microdetermination of Scandium and Dysprosium in Rare 
Earth-Kich Materials by Neutron Activation and Gamma-Ray Spectrometry. Anal. Chem. 
v. 33, No. 13, December 1961, pp. 1949-1953. 

47 Alimarin, I. P., and Yun-Syan Tsze (Yung-Schaing Tze). Separation and Determina- 
tion of Scandium Using N-Benzoylphenvlhydroxyamine. alanta, v. 8, May 1961, pp. 
317-321; Nuclear Sci. Abs., v. 15, No. 16, Aug. 31, 1961, p. 2677. 

Alimarin, I. P., and N. V. Shakhova. (Gravimetric Determination of Scandium by 
Means of Benzeneseleninie and Benzenesulfinie Acids.) Zhur. Analiticheskoi Khimil, v. 
16. July-August 1961, pp. 412416; Nuclear Sei. Abs., v. 15, No. 24A, Dec. 31, 1961, p. 4142. 

es Kuhlman, Carl William, Jr., and Gerhard P. Lang (assigned to the U.S. Atomic Energy 
Commission), Separation of Scandium Values From Iron Values by Solvent Extractions. 
U.S. Pat. 3,013,559, Dec. 19, 1961. 

*9 Alimarín, I. P., and Han-hsí Shen. (Quantitative Determination of Scandium by 
Means of Halogen Substituted Mandellc Acid.) Zhur. Analiticheskol Khimii, v. 16, May- 
June 1961, pp. 279-253; Nuclear Scl. Abs., v. 15, No. 21, Nov. 15, 1961, p. 3557. 

5 Samodelov, A. P. (Eleetrode Properties of the Scandium Membrane Electrode.) 
Izvestila Sibirskogo Otdelenie Akad. Nauk S.S.S.R., No. 4, April 1961, pp. 43-47. 

55 MeGuire, J. C., and C. P. Kempter. Preparation and Properties of Scandium Di- 
hydride. J. Chem. Phys., v. 33, November 1960, pp. 1584-1585; Reactor Core Materia la. 
Battelle Memorlal Institute, v. 4, No. 4, November 1961, p. 28. 

H Montgomery, II., and G. P. Pells. The Low-Temperature Specific Heat of Scandium 
and Yttrium. Proc. Phys. Soc. (London), v. 78, Oct. 1, 1961, pp. 622-625; Nuclear Sci. 
Abs., v. 16, No. 2, Jan. 31, 1962, p. 206. 
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It was claimed that scandium is concentrated in two types of geo- 
chemical provinces and that formation of deposits is particularly 
favored by rock assimilation by ore-bearing granite magma intruded 
into alumino-silicate rocks." 


SELENIUM ™ 


Production and consumption of selenium increased sharply in 1961. 
The rise in consumption was due to increased demand for commercial- 
grade selenium. 

Selenium remained in Group I of the National Stockpile List of 
Critical and Strategic Materials, but it was removed from the barter 

rogram of the U.S. Department of Agriculture, Commodity Credit 
Corporation. The Office of Minerals Exploration (OME) included 
selenium among minerals and mineral products eligible for up to 
50 percent Government financial participation of approved costs. 
roducers' stocks of marketable-grade selenium were 515,000 pounds 
at the end. of 1961, an increase of 47 percent over stocks at yearend 
1960. 

Domestic Production. Production of primary selenium was 1,022,000 
pounds, up 90 percent from 1960. Recovery of selenium from sec- 
ondary sources was the lowest recorded and represented less than 1 
percent of the supply. 

e reporting production, shipments, and stocks were: Amer- 
ican Metal Climax, Inc., Carteret, N. J. ; American Smelting and Re- 
fining Company, Baltimore, Md.; International Smelting & Refining 
Co., "Perth Amboy, NJ.; Kawecki Chemical Co., Boyertown, Pa.; 
and Kennecott Copper Corp., Garfield, Utah. All except Kawecki 
Chemical Co. produced selenium as a byproduct of the electrolytic 
refining of copper. 


TABLE 2.—Salient selenium statistics 
(Thousand pounds of contained selenium) 


1952-56 1957 1958 1959 1960 1961 
(average) 
United States: 
Production 12. 806 1, 060 683 728 539 1,022 
Shipments to consumers !. 905 615 723 | . 790 552 787 
Imports for consumption. 167 148 184 221 3162 117 
S nOD. apparent 4. 1,072 763 907 | 1,014 3714 904 
Stocks, c. 31, producers. 118 651 551 339 3273 515 
Price per pound, commer- 
cial grade $4. 85-37. 6587. 50-512. 00 | $7.00-$7.50 | $7.00 | $6. 50-$7.00 | $5. 75-$6. 50 
World: Production !.......... 1, 627 1, 922 1,462 | 1, 649 1, 667 2, 056 


1 Production and shipment data 1957-60 have been revised to eliminate duplication resulting from inter- 
company transactions of intermediate-grade products. 

? Includes small quantities of secondary selenium, 1953-61. 

3 Revised figure. 

* Measured by shipments plus imports, 


Consumption and Uses.—Shipments to consumers increased to 787,000 
pounds, up 43 percent from 1960. "The rise in shipments was due to 


8&8 Kalenkov, A. D. Some Pecullarities of Scandium Concentration). 
8, 1961, pp. 343-251; Battelle Tech. Rev., v. 10, No. 7, July 1961, p. 692 
5% Prepared by John E. Shelton. 


Geokhimila, No. 


1378 MINERALS YEARBOOK, 1961 


increased use of commercial grades in the chemical, rubber, metallur- 
gical, ceramic, and glass industries. Shipments of high-purity grade 
and compounds decreased slightly. 

Commercial-grade and high-purity selenium furnished about 60 and 
30 percent, respectively, of total consumption. Ferroselenium ac- 
counted for most of the remainder. 

High-purity selenium was used chiefly in electronic applications. 
The xerography and photoluminescence industries, although requiring 
only small quantities of high-purity selenium, used more than in 1960. 

e use of ferroselenium in improving the machinability of stainless 
steel castings increased during the year. 

Stocks.—Producers’ stocks of marketable selenium at yearend in- 
creased from 273,000 pounds to 515,000 pounds. ‘These stocks repre- 
sented about a 6-month supply, based on the apparent consumption 
for 1961. At yearend there was 254,000 pounds of selenium in Gov- 
ernment stockpiles, 97,000 pounds in the National] (strategic) stock- 
pile, and 157,000 pounds in the CCC and supplemental stockpiles. 

Prices.—Commercial-grade selenium was quoted at $6.50-$7 .00 per 

ound most of the year. On November 13, the price dropped to 
5.75-$6.25 per pound. High-purity-grade selenium was $7.50 per 
pound, dropping to $6.75 per pound on November 13. Ultra-high- 
urity selenium (99.999 percent) and ferroselenium were quoted at 
$13.00 and $6.25 per pound, respectively, at yearend. 


TABLE 3.—Free world production of selenium by countries“ 


(Pounds) ~ 
Country 1952-56 1957 1953 1959 1960 
(average) 

North America: 

Gl A 317. 081 321. 392 306, 990 368, 107 521, 6*8 

(/ ·o·.wꝛA sesso eee oe 70, 425 175, 475 107,576 R. RAI fi, 944 

United States. 896, 000 | 1, 060, 000 683, 000 728, 000 539, 00 
South America: 

KEREN west ci 2 1, 268 (3) (3) (3) 0) 

EE 4 5,142 , 365 8, 419 8,155 10, 651 

Europe: 

Belgium-Luxembourg (exports) . 61, 377 24, 471 48, 942 124, 560 72,531 

Finne canas 6, 907 9, 219 13, 051 13, 196 11, 358 

Sueden. 139, 612 143, 300 84,135 132, 27% 176, 368 
Asia: Japan ˙ oce vi 101, 315 154, 335 182, 406 229, 486 278, 231 


Africa: Rhodesia and Nyasaland, 
Federation of: Northern Rhodesia. 24, 947 24, A 24, 288 33, 448 46, 827 
Oceania: Australia................... 2, 854 3, 002 3 3,000 5 3, 000 4 3, 00 


—— ——— 2 —ñ— — H;. — —— — 


World total 1222 1,627,000 | 1,922,000 | 1, 462,000 | 1, 649, 000 | 1, 657, 000 | 2, 056, (O 


1 This table Incorporates a number of revisions of data published in previous selenium chapters. Data 
do not add exactly to totals shown because of rounding. 

2 Averace annual production, 1955-56. 

3 Data not available; no estimate included in world total. 

Average annual production, 1954-56. 

4 Estimate. 


Compiled by Pearl J. Thompson, Division of Foreign Activities. 


Foreign Trade.—Imports for consumption of selenium and selenium 
salts totaled 117,100 pounds, down 28 percent from 1960. Imports 
from Canada were 99,500 pounds, valued at US$583,765. Imports 
from other countries were: Japan, 7,800 pounds; Sweden, 1,100 
pounds; U.S.S.R., 200 pounds; and West Coran y. 8,500 pounds. 
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In addition, 10,400 pounds of selenium in selenium-bearing residues 
was imported from the Federation of Rhodesia and Nyasaland. 

World Review.—Canada.—Selenium was produced as a byproduct of 
of the electrolytic copper refineries of The International Nickel Com- 
pany of Canada, Ltd., at Copper Cliff, Ontario, and Canadian Copper 

efiners, Ltd., Montreal East, Quebec. 

Belgium.—Selenium was obtained as a byproduct of refining of 
anode slimes resulting from the electrolytic refining of copper in the 
Republic of the Congo and Federation of Rhodesia and Nyasaland. 

A SE output of Outokumpu Oy at Pori was 13,300 
pounds. 

Japan.—Selenium was produced as a byproduct of copper, gold, 
and sulfur operations. 

Mexico.—Production of selenium was primarily as a byproduct of 
lead flue dusts. 

Peru.—Selenium was produced by Cerro de Pasco Corp. at Oroya 
as a byproduct of its electrolytic copper refinery. 

Rhodesia and Nyasaland. Federation of.—Selenium contained in 
slimes from copper production was 39,400 pounds. 

Technology.—Studies showed that selenium could be recovered from 
sandstone ores by flotation." 

A review of the toxicological properties of selenium and tellurium 
was presented.“ The review surveyed the toxicity, retention, and 
excretion of selenium and tellurium and their compounds and treat- 
ment and prevention of intoxication and dermatitis resulting from 
exposure. 

Abstracts of domestic and foreign research reports on selenium 
were prepared by Battelle Memorial Institute, Columbus, Ohio. 

Continuing research showed that selenium can be effectively used for 
some thermoelectric applications. In most cases, selenium was used 
in three- and four-element compounds. 


TELLURIUM ” 


_ Tellurium production decreased during 1961, whereas shipments 
inc 

The office of Minerals Exploration (OME) included tellurium 
among minerals and mineral products eligible for up to 50 percent 
Government financial participation of approved costs. 


Domestic Production.—Production of tellurium dropped to 205,000 
pounds, a decrease of 24 percent from that of 1960. Output was 
sane ies a byproduct of electrolytic copper refining and lead refin- 
ing. pipa reporting stocks, production, and shipments were: 
American Metal Climax, Inc., Carteret, N.J.; American Smelting and 
Refining Company, Baltimore, Md.; International Smelting & Refin- 


æ Bhappu, Roshan B. Economic Recovery of Selenium by Flotation from Sandstone 
Ores of New Mexico. New Mexico Bureau of Mines, Min. Res. Circ. 58, 1961, 42 pp. 

& Cerwenka, Edward A., Jr., and W. Charles Cooper. Toxicology of Selenium and Tel- 
lurium and Their Compounds. AMA Archives of Environmental Health, v. 3, August 
1961, pp. 189-200. 

* Prepared by John B. Shelton. 


1380 MINERALS YEARBOOK, 1961 


ing Co., Perth Amboy, N.J.; Penn Rare Metals, Inc., Revere, Pa.; 
Phelps Dodge Refining Corp., El Paso, Tex.; and United States 
Smelting, Refining, and Mining Co., East Chicago, Ill. The con- 
tinued search for new sources of tellurium was unsuccessful, 

Consumption and Uses.—Shipments of tellurium increased slightly, to 
231,000 pounds. Some of the increase was attributed to the use of 
tellurium as an additive to improve the machinability of steels. Con- 
sumption of tellurium as a thermoelectric material, while not large, 
increased with the production of thermoelectric icemakers. The 
quantity used in the ceremic, chemical, metallurgical, and rubber 
industries was about the same as in 1960. 


TABLE 4.—Salient tellurium statistics 
(Thousand pounds of contained tellurium) 


1952-56 1957 1958 1959 | 1960 1961 
(average) 
United States: 
Production, pri- 
mary I.. 158 252 123 177 271 205 
Shipments to con- 
su mers i 149 211 159 257 228 231 
Stocks, Dec. 31, pro- 
ducers............. 126 166 131 58 126 64 
Imports, general (*) 2 6 16 315 (5 
Price per 


pound, 
commercial grade. $1.50-$1. 75 | $1.50-$1. 75 | $1.65-$1.75 | $1. 65-33. 00 $3. 00-34. 00 $4. 00-35 2: 
World: Production !..... 166 284 176 255 389 394 


! Production and shipment data 1957-60 have been revised to eliminate duplication resulting from inter- 
company transactions of intermediate-grade products. 

3 Data not available. 

3 Revised figure. 


TABLE 5.—Free world production of tellurium by oountries ' 
(Pounds) 


1 This table incorporates a number of revisions of data published in previous Tellurium chapters Dats 
do not add exactly to totals shown because of rounding. 
2 Average annual production, 1953-56. 


Compiled by Pearl J. Thompson, Division of Foreign Activities. 


Stocks.— Producers’ stocks of marketable-grade tellurium metal and 
compounds were 64,000 pounds. Tellurium-bearing slimes and resi- 
dues stored by producers increased slightly. 

Prices.—The price of commercial-grade tellurium was $4.00 per 
pound from January 1 to May 4, when it rose to $5.25 per pound for 
the remainder of the year. High-purity tellurium (99.999+ percent) 
was quoted at $21.50-$30.00 per pound at yearend. 


= — — 
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Foreign Trade.—Import data for tellurium were not available during 
1961. 

World Review.—Canada.—Tellurium production was 96,000 pounds, 
up from 44,682 pounds in 1960. Canadian production was as a by- 
product of electrolytic copper Ser at The International Nickel 
Company of Canada, Ltd., Copper Cliff, Ontario; and Canadian Cop- 
per Refiners, Ltd., Montreal East, Quebec. 

Japan.— An output of 16, 500 pounds of tellurium was produced as 
a byproduct at copper refineries. 

Peru.—Tellurium was produced as a byproduct at the Cerro de 
Pasco Corp. refinery at Oroya. Exports to the United States were 
12,200 pounds. 

Technology.—The search by government and private industry for tel- 
lurium sources continued. Possible sources that were examined in- 
cluded reported tellurium occurrences, pyrite tailings, slags, and resi- 
dues from base-metal refining operations. 

Research advanced in the application of bismuth-telluride com- 
ponents in thermoelectric devices. Refrigerators, water coolers, ice- 
makers, and air conditioners using these devices were on the threshold 
of production for the homeowners.55 Several companies announced 
that the high-purity tellurium needed to make the thermoelectric com- 
ponents was being produced commercially. 

The highlight of tellurium research was the introduction of a tel- 
lurium-bearing free-machining steel. Feed rates for screw machine 
operations could be increased at least one-third, and rejects dropped 
to almost zero. | 

Abstracts of domestic and foreign research reports on tellurium were 
prepared by Battelle Memorial Institute, Columbus, Ohio. 


THALLIUM ^ 


Domestic Production. American Smelting and Refining Co., at Den- 
ver, Colo., was the only domestic producer of thallium. Production 
of thallium compounds was about the same as in 1960. 

Uses.—The principal use for thallium was as thallium sulfate in 
rodenticides. There also were small but important uses in the field of 
electronics, such as thallium-activated sodium-iodide crystals used 
with photomultiplier tubes. The feasibility of using thallium in mer- 
cury lights for very white light was being studied. 

Price.—The market price for thallium was $7.50 a pound. 

Technology.—A comprehensive report on thallium, containing a large 
bibliography, was published.“ A process was patented for growing 
sodium iodide ingot containing a small quantity of thallium 1odide.*? 


D American Metal Market. New Markets for Cooling Metals. V. 68, No. 95, May 18, 


p. 1. 
se [ron Age. New Steel Machines Faster. V. 188, No. 14, Oct. 5, 1961, p. 82. 
9*9 Prepared by Donald 35 Piler tsen: 
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YTTRIUM “ 


New technological achievements announced during 1961 could sig- 
nify a substantial increase in the need for yttrium. A large quantity 
of readily available raw material, with subsequent lower cost to the 
user, would be required for new uses and for utilization research. 

Domestic Production. Owing to increased imports of monazite dur- 
ing 1961, more yttrium undoubtedly was recovered as a byproduct, 
and little effort was expended in extracting the metal from minerals 
such as euxenite and gadolinite. One importer indicated a desire to 
market South African gadolinite. General Services Administration 
distributed a sizable quantity of yttrium compounds and metal to sev- 
eral government agencies for utilization research. 

Yttrium compounds were recovered during the processing of rare- 
earth concentrates by the following companies: American Potash & 
Chemical Corp., West Chicago, ni; W. R. Grace and Co., Davison 
Chemical Division, Pompton Plains, N. J.; Michigan Chemical Corp., 
St. Louis, Mich.; and Vitro Chemical Co., Chattanooga, Tenn. 

Commercial producers of yttrium metal included American Potash 
& Chemical Corp.; American Scandium Corp., Cincinnati, Ohio: 
Lunex Co., Pleasant Valley, Iowa; Michigan Chemical Corp.: and 
ug ies Chemicals Division, Nuclear Corporation of America, Phoe- 
nix, Áriz. 

At the Federal Bureau of Mines Metallurgy Research Center at 
Reno, Nev., experimental quantities of yttrium metal were produced 
by fused-salt e ectrolysis. 

Uses.— Yttrium, in various forms, was used in ceramics, chemistry, 
electronics, medicine, metallurgy, and nucleonics. Yttrium 90, a 
radioactive isotope, was used to treat certain types of tumors by a 
technique called hypophysectomy. Low-cost graphite crucibles, used 
as containers for alloys, have been coated with refractory materials 
dÉ as yttrium oxide to prevent carbon contamination of the molten 
alloys. 

Availability of very high purity yttrium oxide and improved tech- 
niques for growing large single-crystal yttrium iron garnets indicated 
the attainment of greater efficiency for these materials in microwave 
applications, especially in laser research. 

Production of valves and accessories made from ductile iron, using 
yttrium as a nodulizer, was anticipated. The addition of small quan- 
tities of yttrium improved the ductility and oxidation resistance of 
stainless steels, reduced grain size in castings of certain ferrous metals, 
and increased the strength of aluminum and magnesium alloys. 
Yttrium also was used as a scavenger in an attempt to produce 
high-purity metals. 

Prices.— Yttrium oxide prices ranged from 20 cents per gram for 
material of 99-percent purity in lots under 100 grams to $84 per pound 
for electronic grade in lots of 1 to 10 pounds. The highest purity 
material (99.9999 percent) sold for $1.50 per gram in small lots to 
$295 per pound in 2- to 99-pound lots. 


e Prepared by John G. Parker. 
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No changes were noted in small-lot prices for yttrium metal, as 
listed in erican Metal Market throughout 1961. High-purity 
metal (99.99 percent) sold for 81 cents per gram in lots under 100 

ams and for 54 cents per gram in 100- to 450-gram lots. Prices for 

igh-purity metal ingots ranged from $205 to $320 per pound in multi- 
pound lots, and prices for even larger quantity lots of metals and salts 
were available upon request. Salts such as sulfates, oxalates, nitrates, 
and fluorides had prices based on percentages of those of oxides. 

Technology.—A. metamict borosilicate containing calcium and about 
28 percent yttria, which had been collected by the Canadian mineral- 
cgist Hugh S. Spence in 1934 from pegmatite in Cardiff Township, 
Ontario, Canada, was identified as à new mineral and named spencite 
in his honor.“ 

Yttrium and cerium isotopes were separated on a pilot-plant scale 
from other rare-earth fission products, using solvent extraction tech- 
niques with D2EPHA di (2-ethylhexyl) phosphoric acid as an ex- 
tractant.5 Yttrium and scandium were separated by anion exchange 
methods, using ethanol-water-hydrochloric acid eluants.** 

Research on the growth of single crystals used the floating-zone 
technique." Studies were made on ternary phase relationships,* and 
on the causes of imperfections in yttrium iron garnets. Methods for 
making yttrium garnets were disclosed.'? At the International Con- 
ference on Magnetism and Crystallography, at Kyoto, Japan, yttrium 
iron garnets were revealed as one-way transmitters of microwave 
radiation, tunable filters, and power limiters for microwave systems.” 

Russian scientists produced yttrium monocarbide by vacuum reduc- 
tion of yttrium oxide with carbon" Data obtained showed the com- 
pound to possess semiconducting properties and to have a meltin 

oint of about 1,950° C. A purification method for yttrium meta 
involved filtering tantalum-contaminated molten yttrium through a 

orous mass of tungsten.”? Commercial yttrium metal was purified 
y applying direct current to yttrium metal rods, thus stimulating 


e Frondel, Clifford. Two Yttrium Minerals: Spencite and Rowlandite. Canadian 
Miner., e 6, pt. 5, 1961, p. 676-581. 

es Butler, T. A., and E. E. Ketchen. Solvent Extraction Separation of Cerium and 
Yttrium. Ind. Eng. Chem., v. 53, No. 8, August 1961, p»: 651-654. 

e Wilkins, D. H., and G. E. Smith. Ethanol-Water-Hydrochloric Acid Eluants in Anion- 
Exchange Separations. Talanta, v. 8, February-March 1961, pp. 138-142; Nuclear Scl. 
Abs., v. 15, No. 12A, June 30, 1961, p. 2015. 

e7 Abernathy, L. L., T. S. Burkhalter, and G. K. Teal. Research and Development of 
Yttrium Iron Garnet Single Crystals. Texas Instruments, Inc., Dallas, Texas, Interim Eng. 
Rept. No. 7, October-December 1960, Feb. 17, 1961, 24 pp. 

Van Hook, H. J. Single Crystal Growth of the Garnet Type Oxides. Part II. Phase 
Relations in the Ternary System Fe,0,-FeO-YFeO; Raytheon Mfg. Co., Waltham, 
Mass., Sci. Rept. 2, Jan. 9, 1961, 15 pp. 

Van Hook, H. J., A. E. Paladino, and others. Research on the Chemistry and Single 
err eta Growth of Magnetic Oxides. Raytheon Mfg. Co., Waltham, Mass., Final Rept. 
8-291, June 5, 1961, 91 pp. 

e Lefever, R. A., A. B. Chase, and Juanita W. Torpy. Characteristic Imperfections in 
Flux-Grown Crystals of Yttrlum Iron Garnet. J. Am. Ceram. Soc. (Ceram. Abs.), vol. 
44, No. 8, March 1961, pp. 141-144. 

o Calhoun, Bertram A., and Wilbert L. Shevel, Jr. (assigned to the International Busi- 
ness Machines Corp., New York, N.Y.), Method of Making Yttrium-Aluminum-Iron Garnets: 
U.S. Pat. 3,006,856, Oct. 31, 1961. 

Geller, Seymour E cad s to Bell Telephone Laboratories, Inc., New York, N.Y.), Ferri- 
magnetic Garnet: U.S. Pats. 3,006,854 and 3,006,855, Oct. 31, 1961. 

American Metal Market, v. 68, No. 191, Oct. 4, 1961, p. 14. 

™ Samsonov, G. V., G. N. Makarenko, and T. Ya. Kosolapova. (Preparation and Prop- 
erties of Yttrium Monocarbide). Zhur. prikladnol khimii, v. 34, No. 7, pp. 1444-1448. 

™ Dennison, David H. (assigned to the U.S. Atomic Energy Commission). Yttrium De- 
contamination. U.S. Pat. 3,009,807, Nov. 21, 1961. 
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migration of impurity ions.“ Another method involved zone melting 
to purify yttrium metal.’ 

Japanese company announced that it had produced pure yttrium 
sponge by passing the oxide through an ion exchange membrane, 
followed by fluorinating and distilling.”* 

The 5 of a thin film of yttrium nitride formed on the surface 
was believed to account for the powdering in moist air of yttrium 
hydride specimens." Complete absence of nitrogen contamination 
during processing, grinding of the nitrides from the surface, or seal- 
ing the specimens from air is necessary for the production of stable, 
solid hydrided yttrium. 

The addition of small quantities of yttrium or of some rare-earth 
metals to iron-chromium alloys imparted good oxidation resistance 
and scale retention at elevated temperatures.’* The scale retention 
resulted from the formation of internal as well as external oxides. 
According to Russian researchers, the addition of up to 2 percent 

rium improves corrosion resistance of chromium up to 1,200? C 
and slightly improves its ductility.? Work done at the Denver 
Research Institute, Denver, Colo. showed that the addition of 1 
weight-percent yttrium or rare-earth metal to commercial-grade 
vanadium fluxes out oxygen and nitrogen impurities above the 
melting point of the alloy and allows cold-rolling of as-cast vanadium 
alloy to more than 98 percent reduction.“ Interstitial impurities 
were removed from molybdenum-base alloys by the addition of 

ttrium; this method also imparted finer grain size, reduced as-cast 

ardness, and increased ductilit y.*! 

Metallographic, X-ray, and melting-point studies of the yttrium- 
iron, yttrium-nickel, and yttrium-copper systems showed the presence 
of 16 intermetallic compounds, half in the yttrium-nickel system.“ 
Only one of these compounds has a higher melting point than that of 
Me It was shown that alpha yttrium and erbium are miscible, 

ut there is only partial solubility in the yttrium-neodymium system, 
and an intermediate phase is present. Alloying with erbium or 
zirconium improved the tensile properties of yttrium. Alloys of 
yttrium and titanium were studied to determine the value of the latter 
metal as a coating or diffusion barrier in coating yttrium metal used 


% Williams, J. M., and C. L. Huffine. Solid State Electrolysis in Yttrium Metal. Na- 
clear Sci. Eng., v. 9, 1961, PR 500—508. 

T$ Necker, iiam C. e Zone Purification of Yttrium. Trans. Vacuum Met. Conf, 
1960. Interscience Pub., New York, N.Y., 1961, pp. 289-298; Nuclear Scl. Abs., vol. 16, 
No. 2, Jan. 31, 1902, p. 250. 

te Chemical Age (London), v. 85, No. 2184, May 20, 1961, p. 818. 

n Roach, John D. Observations on the Powdering of Yttrium Hydride. Trans. Met. 
Soc. AIME, v. 221, No. 3, June 1961, p. 646. 

% Felten, Edward J. High-Temperature Oxidation of Iron-Chromium Base Alloys With 
Particular Reference to Iron-Chromium-Yttrium Alloys. J. Electrochem. Soc., v. 108, 
No. 6, June 1961, pp. 490-495. 

Terekhova, V. F., I. A. Markova, and Ye. M. Savltskil. (Phase Diagram of Alloys 
of 1 Chromium-Yttrium.) Thur. neorganicheskol khimil, v. 6, No. 5, 1981. 
pp. = . 

æ% Lundin, C. E. Jr., and D. T. Klodt. Improvement of the Ductility of Vanadium by 
are Trans. Am. Soc. Metals, v. 63, 1961, pp. 735-742. 

m Klodt, D. T., and J. F. Nachman. The Effects of Yttrium and Selected Rare Earth 
Additions on the Removal of Interstitials from Tungsten and Molybdenum. Metal Prog- 
ress, v. 80, No. 4, October 1961, p. 240. 

H Domagala, R. F., J. J. Rausch, and D. W. Levinson. The Systems T- Fe. Y-Ni, and 
Y-Cu. Trans. Am. Soc. Metals, v. 53, 1961, pp. 137-155. 

Love, Bernard. Properties of Yttrium and the Rare Earth Metals- Oxygen and Alloy 
Systems. Wright Air Development Division Tech. Rept. 61-123, August 1961, 179 pp. 
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as a container material in molten-metal reactor systems.** Alloys 
containing yttrium and uranium were claimed to be of value as high- 
temperature fuel elements in nuclear reactors because the two com- 
ponents are completely immiscible, thereby allowing higher operating 
temperatures, improving dimensional stability, and providing easy 
reprocessing of uranium from yttrium by melting separation.“ Cast 
yttrium was extruded, and its swaging behavior was studied.“ 

An yttrium misch metal, composed of yttrium and yttrium- 
subgroup rare-earth metals, was claimed to be greatly beneficial in 
the production of nodular cast iron. It is said to permit a more 
compact graphite structure than is possible using cerium or cerium- 
misch metal additions. Flash losses associated with low-boiling-point 
magnesium additives are eliminated by the use of yttrium, which has 
a boiling point greater than that of iron. The process is said to make 
undisrupted production possible and to require less process control. 


% Bare, D. W., and O. N. Carlson. Phase Equilibria and Properties of Yttrium-Titanium 
cat pee Trans. Am. Soc. Metals, v. 53, 1961, pp. 1-11. 

ss Metal Progress, v. 79, No. 6, June 1961, p. 140. 

* Nuclear Metals, Inc., Concord, Mass. ndamental and Applied Res. and Develop- 
ment in Met. Progress Repts., December 1960. 34 pp; March 1961, 25 pp. 

Kanter, J. J., J. P. Magos, and W. L. Meinhart. Yttrium Nodular Iron. Winter Ann. 
Meeting of the Production Eng. Division, ASME, New York, N.Y., 1961, paper 61-WA- 


„ 4 pp. 
Chemical Week, v. 89, No. 23, Dec. 9, 1901, p. 27. 


Minor Nonmetals 


By Milford L. Skow * 


A 


ATA on the minor nonmetallic minerals—greensand, meer- 
schaum, staurolite, and wollastonite—are contained in this 
chapter. 


GREENSAND 


Domestic production of greensand nC was reported by 

three firms—Inversand Co., Kaylorite Corp., and National Soil Con- 

servation, Inc.—at their open pit operations in Gloucester County, 

N.J., Calvert County, Md., and Burlington County, N.J., respectively. 

Total ou ie in 1961 was 5 percent lower than in 1960. Average out- 
ns the 5-year period, 1957-61, was about 5,600 tons valued at 
197,000. 

About 73 percent of the quantity sold in 1961 was used as a soil 
conditioner; the other 27 percent was used in water softening. 

Prices of greensand, f.o.b. mine, ranged from $13.26 to $90 per 
short ton. 

Glauconite was identified in six places in the Biwabic iron forma- 
tion of the Mesabi range. The secondary origin of these occurrences 
was confirmed and a mechanism of formation suggested. 

Petrographic and X-ray data were given for 141 samples of 
glauconite. Mineralogical composition was not considered a depend- 
able indicator of broad sedimentary environments. 

Additional chemical and X-ray diffraction data conformed to a pre- 
viously published explanation of glauconite formation, and the com- 
position and structure of glauconites were found to differ measurably 
with geologic age.“ 


MEERSCHAUM 


Meerschaum, the mineral sepiolite, was used in manufacturing pipe 
bowls, cigarette and cigar holders, and other smokers’ accessories. 


1 Commodity specialist, Division of Minerals. 

2 Tyler, 8. A., and 8. W. Bailey. Secondary Glauconite in the Biwabic Iron-Formation 
of minnesota. Econ. Geol., e 56, September-October 1961, pp. 1033-1044. 

3 Wermund, E. G. Glauconite in Early Tertiary Sediments of Gulf Coastal Province. 
Am. Assoc. Petrol. Geol. Bull., v. 45, October 1961, pp. 1667-1696. 

* Hower, J. Some Factors Concerning the Nature and Origin of Glauconite. Am. 
Mineral., v. 46, March-April 1961, pp. 313-334. 
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Again no domestic production was reported, and requirements for the 
mineral continued to be furnished by imports. Imports in 1961 were 
almost double those in 1960. ‘Turkey furnished all but a small quan- 
tity, which came from France. 

anganyika Meerschaum Corp. began manufacturing meerschaum 
Pipes in Arusha. The company obtained the meerschaum from its 

Ge on the Kenya-Tanganyika border.“ 

method of adjusting the porosity of sepiolite involved subjecting 
the mass to compression after first regulating its volatile matter 
content.“ 


TABLE 1.— U. 8. imports for consumption of meerschaum * 


Pounds 


Year 


sen ere — o o ep ee ee e o e ep ae e o 


e mm mm em em om em e om en op mm e em I op op ep wm c «4 


1 1952-56: Austria, 3 pounds, $8; Turkey 9,788 pounds, $17,525; Union of South Africa, 80 nds, 31. 
1957: Turkey, 10,426 pounds, $19,649; Union of South Africa, 112 pounds, $397; 1958: All from Turkey, 19%: 
France, 1,019 pounds, $471; Turkey, 6,304 pounds, $15,962; 1960: France, 2,566 pounds, $1,186; Turkey, 
38,998 pounds, $28,274; 1961: France, 821 pounds, $380; Turkey, 80,373 pounds, $54,624. 

3 Data known to be not comparable with other years. 


Source: Bureau of the Census. 


STAUROLITE 


Production and value of staurolite decreased slightly from 1960, 
its peak year. This brought to an end the increasing production trend 
that extended from 1953. E. I. du Pont de Nemours & Co., Inc., the 
sole producer, recovered staurolite at the Highland and Trail Ridge 
plants in Clay County, Fla. The mineral was used as an iron and 
aluminum additive in manufacturing portland cement. 


WOLLASTONITE 


Domestic production of wollastonite continued to rise in 1961, in- 
creasing 18 percent over 1960. Cabot Minerals Division of Cabot 
Corp. supplied most of the production from its Willsboro mine, 
Essex County, N.Y. Four firms produced the remainder from five 
deposits in Riverside County, Calif. 

The Adirondack Development Corp., Keeseville, N.Y., reported re- 
sults of the exploratory drilling of a wollastonite deposit near Lewis, 
N.Y. The deposit was estimated to contain 4.7 ion tons of ore 
rue 59 percent wollastonite under an average overburden of 
18 feet.’ 

The following prices on wollastonite were quoted in Oil, Paint and 
Drug Reporter throughout 1961: Fine, paint grade, bags, carlots, 
works, $41 per ton, less than carlots, ex warehouse, $51 per ton; me- 


jon US. 1 Dar es Salaam, Tanganyika. State Department Dispatch 137. Mar. 7. 
2. p. 11. 
e Weir, J. V. (assigned to Minerals & Chemicals Phillip Core Absorptive Porous 
Mineral Mass and Method of Making. U.S. Pat. 2.968,633, Jan. 17, 1961. 
13535 Record. New Adirondack Mineral Discovery Is Disclosed. V. 72, July 13. 
, D. 2. 
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dium, paint grade, bags, carlots, works, $29 per ton, less than carlots, 
ex warehouse, $39 per ton. These prices were unchanged from 1960. 

The addition of 1 to 3 percent wollastonite to structural clay bodies 
resulted in reduced losses, lowered costs, and improved product 
quality. Studies showed that small additions of wollastonite pro- 
moted faster drying, reduced cracking during oye and firing, in- 
creased dry strength, decreased firing temperature, and produced prod- 
ucts with lower moisture absorption and higher impact strength.* 

Ceramic bodies, based on wollastonite with clay and 10 percent 
barium carbonate, vitrified in a narrow range at 1, 270 C and had low 
static bending strength. Dielectric properties were given, the litera- 
ture was reviewed, and the largest deposit of wollastonite in the 
U.S.S.R. was mentioned.“ 

Up to 30 percent by weight of wollastonite could be added to poly- 
Se without detrimental effect on the physical properties of the 
plastic.!? 


8 Brick & Clay Record. Wollastonite Brings Benefits to Structural Clays. V. 138, 
March 1961, pP. 68-69. 

® Avetikov, V. G., E. I. Zin’ko, and N. A. Zasedateleva. (High proque Ceramics Based 
on NORS Onire L Steklo i Keramika, v. 17, March 1960, pp. 25-29; Ceram. Abs., v. 44, 

p „ D. P 

19 Virtue $: Wollastonite, an Extender for Polystyrene. Plastics Technol, v. 7, March 
1961, pp. 49-50. 


INDEX 


By Kathleen J. D'Amico! 


The index consists of three parts: A commodity index, a company index, and a world review index. 
Because nearly all commodity chapters in Minerals Yearbook, volume I, follow a standard outline 
(Introductory Summary, Domestic Production, Consumption and Uses, Stocks, Prices (and specifica- 
tions), Foreign Trade, World Review, World Reserves, and Technology), references to such data have 
been omitted under the various headings. 

Readers seeking information on mine production for States, Territories, or possessions should refer to 
tables in the Statistical Summary chapter, starting on page 135, These tables show the commodities 
produced in each area, thus guiding the reader to the appropriate commodity chapters. The reader should 
refer to volume ITI, however, for complete area information. 


Commodity Index 


Page Page 
Abrasive Materials chapter 215 | Bentonite. See Clays chapter 445 
Agate. See Gem Stones chapter 585 | Bertrandite 2... ooo ese so its 340 
RW E eee 636 | Beryl. See Beryllium chapter. .............. 333 
enn 8 555 | Beryllium chapter 333 
Alumina. See Abrasive Materials chapter... 215 8% AA San ER 49, 50 
Bauxite chanter... 309 | Bismuth chapter 343 
See A A A 215.206, 257 | BIXDVIO ica EE ce 882 
Aluminum chanter... 233 o See 299 
See Bauxite chapter. 309 | Black oxide- 22. coc A 779, 780 
Aluminum compounds. See Bauxite chapter. 309 Blanc fixe. 2-22-2222 eee ee 300 
Aluminum oxide. See Abrusive Materials Blast-furnace sing... 401 
ee 215.| er!, icu Eoesao ences 517 
Aluminum silicon alloy. See Ferroalloys Borax. See Boron chapter 349 
A 26 site oe oe eos 551 | Boric acid. See Boron chapter 349 
Amblygonite. See Lithium chapter.......... e 1371 
Amethyst. See Gem Stones chapter 585 Boron and boron compounds chapter 349 
Ammonium bromide. See Bromine chapter. 365| Bort. See Abrasive Materials chapter 215 
Ammonium compounds. See Nitrogen Com- Brass. See Copper chapter 495 
pounds chapter —— 2l lll l.l lll. 953 | Braunit@ cocer emo imu. 876, 877, 882 
Ammonium iodide. See Iodine chapter...... / o ⁰ 8 1163 
Ammonium perrhenate—ꝛ— LLL ll. 1374 | Brimstone. See Sulfur and Pyrites chapter.. 1175 
Ammonium phosphate 981 | Bromine chapter ſ rr 365 
Amorphous graphite. See Graphite chupter. 619 Bronze. See Copper chapter 495 
Amorphous silica—- l l!]. ̃ 2 LL lll... 216 | Brown ore. See Iron Ore chapter 049 
Amosite. See Asbestos chapter 281 | Brucite. See Magnesium Compounds chap- 
Amphibole asbestos. See Asbestos chapter.. 281 Cõ 0 0 
AA.. ⁵³ðD ĩð- eee a QE 1247 Bürsten ess. wee 217 
Andalusite. Sce Kyanite and Related Min- Cadmium and cadmium compounds chapter. 373 
erals chaptenr,‚r ecquis 759 | Caleareous marl. See Stone chapter 1139 
Antimony chapter.......2... 2... LL cll ll. ll. 265 | Cuelostrontianiue .. 2 LLL Ll lllll... 1171 
AOU Oi need uu fete eee eL x 987 | Calcium and Calcium Compounds chapter.. 383 
Aplite. See Feldspar, Nepheline Syenite, and Calcium arsenate.. lll... 276, 278 
Aplite:ehapler. 22... cuo eei er eds 541| Calcium cyanamide. See Nitrogen Com- 
Aquamarine. See Gem Stones chapter 585 | pounds chanter... 1 
nin... D recu EL 1141 | Caleium iodide. See Iodine chapter.......... 
Argols. See Potash chapter 1011 | Caleium-maneanese-silicon..................- 555 
Arsenic chapteee rn 275 | Caleium-molybdat(e Mk 557 
Asbestos chanpternrnr lll. 281 | Calcium nitrate. See Nitrogen Compounds 
Baddelevite. See Zirconium and Hafnium chapter ß 953 
dE 1359 | Calcium-silicon... ue 555 
Ball clay. See Clays chapter ..... tados 1236 
Barite chapter: 295 | Caustic potash. See Potash chapter 1011 
Barium carbonate (synthetic). ..............- 299 | Caustic soda. See Sodium and Sodium Com- 
Barium chloride.............................. 299 pounds chapter 1131 
Barium hydroxide 22. ll... 299 | Celestite. See Strontium chapter 1169 
Barium otide... o e en ee else 299 | Cement chanter... 391 
Barium sulfate (synthetic) 299 See Asbestos chapter 281 
Basalt. See Stone chapter 1139 Gypsum chapter᷑᷑lrr 629 
Bastnaesite. See Rare-Earth Minerals and Slag-Iron-Blast Furnace chapnter 1123 
Metals chanter... 1037 Stone chanter... 1139 
Bauxite chapter 309 S EES 661 
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Page 
Cement rock. See Cement chapter 391 
Cerium, See Rare-Earth Minerals and Metals 
ELE A eth 8 037 
Cerium oxide“ „ 230 
Cesium, See Minor Metals chapter 1367 
Chats Cees AAA ð³ AAA yy he E 1161 
(Cheris m oes uu tis 1161 
China clay. See Clays chapter 445 
Chromite. See Chromium chapter 431 
Chromium and chromium compounds 
CHAD EE 431 
Chromium-cobalt-tungsten................... 560 
Chromium tungsten : 560 
Ebro!!! ile 340 
Chrysotile asbestos. See Asbestos chapter... 281 
Cinder (volcanic). See Pumice chapter. ..... 1025 
Class chapters AA ee 445 
rr èͤ Ad 401 
lll ĩðâv ĩ coa 52, 53, 401, 402, 407 
Cobalt and cobalt compounds chapter M 473 
See Nickel chapter 937 
6́õ2....... ³ 686 
Genre A 9,354 
Columbite. See Columbium and Tantalum 
GINO AAN E 
Columbium, See Columbium and Tantalum 
F ³˙ÜꝛA T 483 
Rare-Earth Minerals and Metals chapter. 1037 
% ³⁰ AAA 50 
Concrete. See Cement chapter 391 
Stone chapterrrrr e lll l.l. 1139 
Conglome rate 1141, 1161 
Copper chapter: eee eg 495 
See Cobalt chapter 2. lll. 473 
Gold chapter : 597 
Lead chapter ꝶ2 eee 765 
Nickel chapter 7 
NA .2 ll ecl lll... 1101 
Zine chap te 1321 
See also 55, 56, 57, 275, 346, 1379, 1381 
Cornwall stone 544, 546 
Corundum. See Abrasive Materials chapter. — 215 
Cream of tartar. See Potash chapter......... 101] 
Crocidolite. See Asbestos chapter 281 


Cryolite. See Fluorspar and Cryolite chapter. 7 
Eryptomelane— 882 
Crystalline graphite. See Graphite chapter.. 619 
Diamond (gem), See Gem Stones chapter... 585 
Diamond (industrial). See Abrusive Ma- 
terials chapter ee 215 
Diaspore- oo oes RA tede ts 401 
Diatomaceous earth. See Diatomite chapter. 535 


Dintomite ebapter Ut 535 
Dilithium sodium phosphate 827 
Dolomite. See Magnesium Compounds 
nn 8 EEN ei 
Stone chanter... 1139 
Dolomite (dead-burned), See Lime chapter.. 799 
Magnesium Compounds chapter......... 847 
di A 1139 
Pumortierite. See Kyanito and Related 
EN e 759 
Dysproslü EE 1045 
Emerald. See Gem Stones chapter 585 
Emery. See Abrasive Materials chapter..... 215 
HAIE ee cee he a e ee 137] 
Ethylene dibromide. See Bromine chapter.. — 365 
¡ANT ed POLS $30 
o A A 1043 
Euxenite, See Columbium and Tantalum 
A AA A Eat d rr note 483 
Rare-Earth Minerals and Metals chapter. 1037 
WCE EEN 1382 
Feldspar. See Feldspar, Nepheline Syenite, 
and Aplite chapter. 541 
USD a DINER e ESCAS 1209 
Ferroalloys chapter 551 
Ferroboron 
Ferrocarbon 
Ferrocarbon-titanlum 
Ferrocerium 
Ferrochromlum 


Ferrocolumbium 
Ferromanganese 
Ferromolybdenum 
Ferronickel 
Ferrophosphorus 
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Page 


Feldspar—Continued 


Ferrosilicon 

Ferrosilicon-boron 

Ferrotantalum-columbium 

Ferrotitanium 

Ferrotungsten 

Ferrovanadium 

Ferrosilicon-zirconium 

Ferrozircontum 

Silicomanganese 

Silvery iron 

Silvery pig iron 

See also separate commodity chapters for 
principal ferroalloy materials. 


Ferrocar bonn NW 
Fire clay. See Clays chapter. 45 
lll ³⁵] ⁰⁰ A eet caus ya 
BNC Ee 217 
Fluorine and fluorine compounds. See Fluor- 
spar and Cryollte chapter. ................. sE, 
Sinon Der and Cryolite chapter............... E 
SS 22 401 
Fuller’ s cari: See Clays chapter 445 
e c elu ssec euam RE eee ces,” LI 
Gadolinite....................- 5 340, 1382 
Gone 1745 
l ³ð⅛ Ä 1041 
Gallium. See Minor Metals chapter LR. 
Garnet. See Abrasive Materials chapter 2s 
Gem Stones chapter Sat 
Gem Stones chapter S85 
Clenthel vite. cocer risa 340 
Germanium. See Minor Metals chapter Ix 
Glauber salt. See Sodium and Sodium Com- 
UNAS chapter 2...2... cere. 1181 
Gueennee e 1>? 
Goldene WW 
See Copper chapter. 495 
Platinum-Group Metals adds 9 
Silver chapter................ ll lee c... 1121 
Granite. See Stone chapter . 119 
Graphite chanter... (19 
Gravel. See Sand and Gravel chapter. INI 
Greensand. See Minor Nonmetals chapter |... 137 
Grinding pebbles. See Abrasive Materials 
EH... 8 215 
Grindstone. lg Abrasive Materials chapter. 215 
Gross Almerode.................. -. lll lll... 449 
E EE 98]. 94 
Gypsum chapter I» 
See EE 401 
Hafnium. See Zirconium and Hafnium chap- 
Ee 119 
e ß Ae * 
Hausmannite....oooooecoomorommmammoooo.. 872. S7. SB 
Helvile oe cess MAZ E EC S e M0 
Hematite. See Iron Ore chapter 6t 
MI AAA scr ER WA 
FFF; EE 1045 
Ste A A A 217 
Hydrated lime. See Lime chapter RA 
Hydraulic cements. See Cement chapter. PI 
Hydraulic lime. See Cement chapter. ....... KA 
Ilmenite. See Titanium chapter 13) 
See also CTT 1343, 1.184 
Indium. See Minor Metals chapter 1 
Iodine and iodine compounds chapter 68 
Iridium. See Platinum-Group Metals chap- Se 
! II 8 
Iron ore chapter. ...........-.-.--.---2 LLL. Val 
See Iron and Stoel chapter * 
See also . M 
Iron and Steel chapter........................ fel 
See Iron Ore chapter...................... en 
Iron and Steel Scrap chbaptcr............. Ta 
Manganese chapter....................... Ml 
Iron and Steel Scrap chapter 7H 
Iron Oxide Piements chapter. 79 
See Iron Orechapter...................... 69 
Jade. See Gem Stones chapter. WN 
JES A s ces o ux ecu Anus cre Ewa EDU atit - M 
Kaolin. See Clays chapter ( 
Kernite............ ——— M 
Kyanite and Related "Minerals chapter. Wee e S 
Larnigbelnitó. clas a arr (WÉI 
IAN AA el 1043 
y A Qi uU Ld se 1035 
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e ß See 947, 948 | Onyx. See Gem Stones chapter 
Lead and lead compounds chapter 765 Set AI iaa 1145, 1163 
See Antimony chapter 265 | Opal. See Gem Stones chapter 585 
Bismuth chapter. 343 | Orange mineral 779 
Copper chapter 495 pamium: See Platinum-Group Met:.ls chap- 
Silver chapter rr ⁰⁰ 993 
Zinc ente bio cre EV 1321 Oyatershell See Stone chapter 1139 
TT ERRORS A 1379 Sar. 8 401 
Lead arsenate.. eee 276, 278 | Palladium. See Platinum-Group Metals 
Lepidolite. See Lithium chapter 27 E A E A 993 
Leucoxene. See Titanium chapter 1239 | Paris green 278 
Lime chapter -n 799 | Pearl. See Gem Stones chapter 585 
SCO Oll. oes A aS ess ret es ERR VIS 853 
Limestone. See Stone chapter 1139 | Perlite chanter... 907 
S .. ðWA 401 | Patalite. See Lithium chapter — 827 
IL A geed -0 779, 780, 781 | Petrified wood. See Gem Stones chapter E 585 
Lithiophorite... eebe gert A 882 | PRONACITO car ds ds aa 340 
Lithium chapter —ꝛ—nůk ll 827 | Phlogopite. See Mica chapter 901 
Lithopone. See Bar ite chapter............... 295 | Phosphate Rock chuapte err 973 
e e eeiam rr EROS eee E 1045 nh A 1296, 1297 
Magnesia. See Magnesium Compounds chap- Phosphor ite 1365 
C ³ĩðWA»A. y ⅛ĩ—w ĩͤ v8 Pig iron. See Iron and Steel chapter 681 
Magnesite See Magnesium Compounds Iron and Steel Scrap chapter 721 
F/ AAA 8 847 Plat inum-Group Metals chapter. ............ 993 
Magnesium chapter 837 | Plutonium. See Uranium chapter 1273 
Magnesium Compounds chapter............. 847-1-Polltcitos 2 reduce lecce ta le 1308, 1369 
Magnet ite. See Iron Ore chapter 649 | Portland cement. See Cement chapter....... 391 
Manganese and Manganese compounds chap- Potash chapter ee cece scence een ee 1011 
„% ] A II 861 S66 E 
See Iron Ore chapter 649 | Potassium bicarbonate. See Potash chapter. 1011 
Iron and Steel chapter.................... 681 | Potassium bitartrate. See Potash chapter. 1011 
Manganese silicon...........................- 560 | Potassium bromide. See Bromine chapter... — 305 
Manganiferous ore. See Manganese chapter. 861 Potassium carbonate. See Potash chapter. 1011 
Mangenite eee 883 | Potassium chlorate. See Potash chapter. 1011 
Marble. See Stone chapter 1139 | Potassium chromate. See Potash chapter... 1011 
F EE eels 401 | Potassium cyanide. See Potash chapter 1011 
Masonry cement. See Cement chapter...... - 391] Potassium ferricyanide. See Potush chapter... 1011 
Meerschaum. See Minor Nonmetals chap- Potassium ferrocyanide. See Potash chapter. 1011 
Ee eebe 1387 | Potassium iodide. See Iodine chapter. 643 
Mercury chapter 887 | Potassium muriate. See Potash chapter . 1011 
Mica chapter 901 | Potassium nitrate. See Nitrogen Compounds 
Mica schist. See Mica chapter 901 Capt A ß xa EUR EU 053 
GU BIO uro EE 1141 "2 DT NEM NC OR RES 1017, 1018 
Millstones. See Abrasive Materials chapter.. 215] Potassium permanganate. See Potash chap- 
Mineral pigments. See Iron Oxide Pigments ZE 8 1011 
Chapter- AAA AN 753 | Potassium perrhennte... 2-2. 1374 
Lead chapter 765 | Potussium salts. See Potash chapter......... 1011 
Titanium chapter 1239 | Potussium-sodium nitrate, See Potash chap- 
Zine chapter... e chere 1321 EE RN 1011 
EDAM wool. See Minor Nonmetals chap- Potassium sulfate. See Potash chapter 1011 
JJ ꝗ V 8 1387 | Pozzolan cement. See Cement chapter 391 
Minor Metals chapter 2... l.l... 1367 | Praseodymium..........................-...- 1045 
Minor Nonmetals chapter ieee ? 354 
Misch metal. See Rare-Earth Minerals and Erdrag 354 
Metals chapnter. 1037 | Psilomelane.............------------------- 874, 876 
Molybdenite. See Molybdenum chapter..... 925 | Pulpstones. See Abrasive Materials chapter. 215 
S66 CUNO! za 1371 | Pumice chanter... 025 
Molybdenum and molybdenum compounds Pumicite. See Pumice chapter 1025 
o A  "—P——— Pyrite cinder (sinter). See Iron Ore chapter.. 649 
See eebe 346, 1216 | Pyrites. See Sulfur and Pyrites chapter ... 1175 
e ene ll AAA 567 | Pyrochlore...............-............- 486, 487, 401 
Monazite. See Rare-Earth Minerals and PyrOlusite: 2.23.02 cee os oa E 872, 874, 876, 882 
Metals chapter.......... JJ 1037 EE See Talc, Soapstone, and Pyro- 
Thorium chapter 1209 "lite chapter «„ 1199 
NE BHO. WAA 8 1363, 1364 ph rr... A 945 
Mone] metal. Quartz. See Stone chapter 1139 
Mullite. See Kyanite and Related Minerals See also- EE 1085 
Ball!!! dnx DE 759 | Quartz crystal. See Gem Stones chà»ter..... 585 
Muriate. See Potash chapter. 1011 | Quartz crystal (Electronic Grade) chapter.... 1033 
Muscovite. See Mica chapter - 901 | Quartzite. See Stone chapter 1139 
8 See Sulfur and Pyrite chapter.. 1175 %%% nüͤ 2 sue Ds és 1085 
a J) ce E „402. 407 | Quicklime. See Lime chapter 799 
Eeer dee 8 1045 | Radium. See Minor Metals chapter 1367 
Nepheline syenite. See Feldspar, Nepheline Rare- Earth Minerals and Metals chapter 1037 
Syenite and Aplite chapter DAT | Red lead iris 779, 780, 781 
Nickel and nickel compounds chapter........ 937 | Rhenium. See Minor Metals chapter 1307 
See Cobalt chapter 473 | Rhodium. See Platinum-Group Metals 
Copper chapter 495 I!! ⁵ eg EE 293 
Nitrogen Compounds chapter 953 Rhodochrosite 2... lll lll cl... 853 
ohe E e . See Se 883 
Obsidian. See Gem Stones chapter 585 Rochelle salt? 1017 
Ocher. See Iron Oxide Pigments chapter 753 Rottenstone— m 216 
J7))Göö˙Ü³?ê⁵—[ë: ↄ A caus 401, 402 | Rubidium. See Minor Metals chapter 1367 
Oilstones. See Abrasive Materials chapter... 215] Ruby. See Gem Stones chapter 585 
Olivine. See Magnesium Compounds chap- Ruthenium. See Platinum-Group Metals 
// A A Du d 847 e e eL DL LT A 
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Rutile. E Titanium chapter. 1239 
See 0180 SEH 1363 
Salt paper JJ ĩ¾ K 1047 
See Sodium and Sodium Compounds 
hs A ? 131 
A ce ed Amas ciue 1043 
Sand. See Sand and Gravel chapter 1061 
7Y E 1 EE 401 
Sand and Gravel chanter... 1061 
Sandstone. See Stone chapter. 1139 
WO ONO ia Bei os a A 401 
Sapphire. See Gem Stones chapter 585 
Scandium. See Minor Metals chapter....... 1367 
6! ⅛˙⁰vꝛvy Ee 57, 1291 
Scheelite. See Tungsten chapter 1259 
Selenium. See Minor Metals chapter 1367 
Sericite schist. See Talc, Soapstone and Pyro- 
phyllite chapter 1199 
Serpentine.............- . Ll llc e lll... 1141, 1145 
Sesquicarbonate. See Sodium and Sodium 
Compounds chapter..__._......------------- 1131 
Shale. See Clays chapter 445 
ISO RD Sr ͥ A8 401 
Sharpening stones. See Abrasive Materials 
EEN 215 
e ran a rias 278 
Shell. See Stone chapter... 1139 
Sienna. See Iron Oxide Pigments chapter.... 753 
Silica. See Sand and Gravel chapter......... 1061 
Silicomanganese. See Manganese chapter... 861 
Silicon chapter. ele ee 1091 
Silicon alloys. See Ferroalloys chapter....... 551 
Silicon carbide. See Abrasive Materials 
CHHSULOE EE 215 
Silicon manganese-alumínum................. 558 
Silicon-manganese zirconium................. 555 
Sillimanite. See Kyanite and Related Min- 
EI ON 759 
Silver chanter... 1101 
See Copier chapter 495 
Gold chapter rr ee 97 
Lead chapter. 765 
Zine chapter 1321 
See GING AN A A 265, 272, 346 
Silvery iron. See Ferroalloys chapter........ 551 
Simm!» ʒ 552 
Slag-Iron-Blast Furnace chapter 1123 
Slag-lime cement. See Cement chapter. ..... 391 
Slate. See Stone chapter..................... 1139 
Soapstone. See Talc, Soapstone, and Pyro- 
p chapter... co ee rex eee ret 1199 
m CHEER PECORE 1141 
Soda ash. See Sodium and Sodium Com- 
pounds chapter - 1131 
Sodium bromide. See Bromine chapter...... 305 
Sodium and Sodium Compounds chapter. 113) 
Sodium arsenatee—dg 278 
Sodium bicarbonate. See Sodium and Sodium 
Compounds chapter 1131 
Sodium carbonate. See Sodium and Sodium 
Compounds chapter 1131 
Sodium iodide. See Iodine chapter 613 
Sodium nitrate. See Nitrogen Compounds 
Of AA EENEG 953 
Sodium sulfate. See Sodium and Sodium 
Compounds chapter 1131 
Sodium tetraborate...... ee 350 
Sie ete ete ee 1383 
Spierelcisen. See Ferroalloys chapter 551 
See Manganese chapter... ll ll lll... 861 
Spodumene. See Lithium chapter... 827 
Staurolite. See Minor Nonmetals chapter... 1387 
Steatite. See Talc, Soapstone, und Pyrophyl- 
lite chapter cda we ch ba cd 1198 
Steel. See Iron and Steel chapter... 22.22... 631 
Iron and Steel Scrap chupter 727 
Iron Ore ce VF 649 
Manganese chapter $651 
Tungsten chapte nr 1279 
See ah.. ANNE aus 50, 54. 55 
Steel scrap. See Iron and Steel Scrap chapter. 721 
Stone chanter... 1139 
Stoneware clay.......... dsds 451 
Strontium chanter... 1169 
See Calcium and Calcium Compounds 
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Sulfur and Pyrites chapter 117° 
Sulfuricacid. See Sulfur and Pyriteschapter. 117 
J IR ecu E 13 
Ih ͤ K late 
Taconite. See Iron Ore chabter.............. Zg 
Talc, Soapstone, and Pyrophyllite chanter... 11% 
Tantalite. See Columbium and Tantalum 
chapter EE 453 
Tantalum. See Columbium and Tantalum 
Cli A s A dudo Dude 43 
Rare-Earth Minerals and Metals chapter. 103% 
RK dE te WEE 1045 
Tellurium. See Minor Metals chapter....... KAN 
Thallium. See Minor Metals chapter (Kë 
Thoria. See Thorium chapter LYO 
Thorite. See Thorium chapter Loves 
Rare-Earth Minerals and Metals chapter. Kr 
Thorium chapter Lys 
See Rare-Earth Minerals and Metals 
chapter A as 1037 
Thorium Carbonate, See Thorium chapter... Iar» 


Thorium chloride. See Thorium chapter... la": 


Thorium fluoride. See Thorium chapter le 
Thorium nitrate. See Thorium chapter...... (Bi 
Thorium oxide. See Thorium chapter . 10» 
y AA A in^ 
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UNITED STATES DEPARTMENT OF THE INTERIOR 


Created in 1849, the Department of the Interior— America's Department 
of Natural Resources—is concerned with the management, conservation, 
and development of the Nation's water, wildlife, mineral, forest, and park 
and recreational resources. |t also has major responsibilities for Indian 
and Territorial affairs. 

As the Nation's principal conservation agency, the Department works to 
assure that nonrenewable resources are developed and used wisely, that 
park and recreational resources are conserved for the future, and that 
renewable resources make their full contribution to the progress, prosperity, 
and security of the United States—now and in the future. 
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